


Notice
Medicine i s  an ever-changing science. As  new research and cl inica l  experience broaden our knowledge, changes  in treatment and drug therapy are
required. The authors  and the publ i sher of this  work have checked with sources  bel ieved to be rel iable in thei r efforts  to provide information that
is  complete and genera l ly in accord with the s tandards  accepted at the time of publ ication. However, in view of the poss ibi l i ty of human error or
changes  in medica l  sciences , nei ther the authors  nor the publ i sher nor any other party who has  been involved in the preparation or publ ication of
this  work warrants  that the information conta ined herein i s  in every respect accurate or complete, and they discla im a l l  respons ibi l i ty for any
errors  or omiss ions  or for the resul ts  obta ined from use of the information conta ined in this  work. Readers  are encouraged to confi rm the
information conta ined herein with other sources . For example and in particular, readers  are advised to check the product information sheet
included in the package of each drug they plan to adminis ter to be certa in that the information conta ined in this  work i s  accurate and that
changes  have not been made in the recommended dose or in the contra indications  for adminis tration. This  recommendation i s  of particular
importance in connection with new or infrequently used drugs .
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Introduction

Microbiology: PreTest™ Self-Assessment and Review, 14th Edition, a l lows  medica l  s tudents  to comprehens ively and conveniently assess  and review
their knowledge of microbiology and immunology. The 500 questions  provided here have been wri tten with the goal  to para l lel  the topics , format,
and degree of di ffi cul ty of the questions  found in the United States  Medica l  Licens ing Examination (USMLE) Step 1.

The High-Yield Facts  in the beginning of the book are provided to faci l i tate a  rapid review of microbiology. It i s  anticipated that the reader wi l l
use these High-Yield Facts  as  a  quick overview prior to proceeding through the questions .

Each question in the book i s  fol lowed by four or more answer options  to choose from. In each case, select the best response to the question.
Each answer i s  accompanied by a  speci fic page reference to a  text that provides  background to the answer and a  short discuss ion of i s sues  ra ised
by the question and answer. A bibl iography l i s ting a l l  the sources  can be found fol lowing the las t chapter.

To s imulate the time constra ints  imposed by the l i cens ing exam, an effective way to use this  book i s  to a l low yoursel f one minute to answer
each question in a  given chapter. After you finish going through the questions  in the section, spend as  much time as  you need veri fying your
answers  and careful ly reading the explanations  provided. Specia l  attention should be given to the explanations  for the questions  you answered
incorrectly; however, you should read every explanation even i f you’ve answered correctly. The explanations  are des igned to reinforce and
supplement the information tested by the questions . For those seeking further information about the materia l  covered, consul t the references
l i s ted in the bibl iography or other s tandard medica l  texts .
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High-Yield Facts

PHYSIOLOGY AND MOLECULAR BIOLOGY
• Koch postulates : (1) speci fic organism must be in diseased animal ; (2) organism must be i solated in pure cul ture; (3) organism should produce

exact disease in heal thy, susceptible animal ; and (4) organism must be re-i solated from infected animal .
• Gram sta in: (1) fixation; (2) crysta l  violet; (3) iodine treatment; (4) decolorization (a lcohol/acetone); and (5) countersta in (safranin). Gram-

pos i tive when the color i s  purple; gram-negative when the color turns  red.
• Gram sta in poor for: Chlamydia (intracel lular location), Mycoplasma (no cel l  wal l ), Rickettsia (smal l  s i ze), Treponema (too thin, spi rochete, use

darkfield microscope), Mycobacterium (use acid-fast s ta in), and Legionella (use s i lver s ta in).
• Bacteria l  shapes : baci l l i  (rod), cocci  (spherica l ), and spi ri l la  (spi ra l ).
• Bacteria l  aggregates : diplococci  (eg, Neisseriae), s treptococci  (cha ins ), tetrads  (fours ), s taphylococci  (clusters ), and sarcinae (cubes).
• Flagel la : monotrichous—single polar flagel lum; lophotrichous—cluster of flagel la  at pole; amphitrichous—flagel la  at both poles ; and

peri trichous—flagel la  enci rcl ing the cel l .
• Type VII  pi l i  = F (sex) pi l i ; important in bacteria l  conjugation.
• Conjugation—DNA transferred from one bacterium to another; transduction—vira l  transfer of DNA from one cel l  to another; and transformation—

cel lular uptake of puri fied DNA or naked DNA from the envi ronment.
• Peptidoglycan (murein or mucopeptide) layer: unique to prokaryotes  (glycan polymers  of sugar N-acetylglucosamine [NAG] and N-acetylmuramic

acid [NAM] cross -l inked by a  short peptide). Cross -l inking enzymes  are transpeptidases  (targets  for β-lactam antibiotics ).
• Bacteria l  s tructures : peptidoglycan (support); cel l  wal l /membrane (antigenic); outer membrane (l ipopolysaccharide [LPS]/endotoxin); plasma

membrane (oxidative/transport enzymes); ribosome (protein synthes is ); periplasmic space (hydrolytic enzymes  and β-lactamases); capsule
(antiphagocytic polysaccharide except Bacillus anthracis, which i s  D-glutamate); pi lus/fimbria  (adherence, conjugation); flagel lum (moti l i ty); spore
(heat, chemica l , dehydration res is tance, cons is ts  of dipicol inic acid); plasmid (genes  for toxins , enzymes , antibiotic res is tance); glycoca lyx
(adherence, made of polysaccharide); and inclus ion bodies  (no membrane; s tore glycogen, polyphosphate, poly-β-hydroxybutyric acid).

• Gram-pos i tive: teichoic acid unique.
• Gram-negative: LPS/endotoxin unique.
• LPS/endotoxin: l ipid A cova lently l inked to polysaccharide core outer membrane and then unique “O antigen” polysaccharide repeat;

LPS/endotoxin causes  an acute-phase protein response in vivo (release of TNF-α, IL-1, and IL-6), caus ing fever, and the l ike.
• Lysozyme: breaks  down glycan backbone bonds  of peptidoglycan. Spheroplast: partia l  cel l  wal l  lysozyme digestion.
• Protoplast: complete cel l  wal l  lysozyme digestion, caus ing a  spherica l  shape of bacteria .
• Exponentia l  or geometric growth: cel l  number = a(2n), where a i s  number of s tarting cel l s  and n equals  number of generations .
• Bacteria l  growth curves  (four phases): (1) lag (no cel lular divis ion, cel l  s i ze increases); (2) exponentia l  (regular doubl ing time, essentia l

nutrients  decrease, toxins  increase); (3) s tationary (cel l  divis ion rate = cel l  death rate) s tage at which spores  are formed; and (4) death (cel l
energy s tores  deplete, exponentia l  death due to low population equi l ibrium).

• Bacteriostatic: agent inhibits multipl ication; growth resumes  upon removal  of agent.
• Bactericida l : agent kills bacteria ; i rrevers ible.
• Steri le: free from a l l  forms  of l i fe.
• Dis infectant: chemica l  ki l l s  bacteria  but i s  toxic to ti s sue.
• Septic: pathogenic organism is  present in l iving ti ssue.
• Aseptic: pathogenic organism is  not present in l iving ti ssue. (vi rology—no bacteria l  agents  are present.)
• Pass ive transport: no energy required, movement down the concentration gradient, no carrier molecule (protein molecule that attaches  to

metabol ic molecule needed ins ide the bacterium) that can cross  the cel l  wal l  and cel l  membrane. The food goes  in and the waste goes  out.
• Active transport: requires  energy, movement aga inst the concentration gradient.
• Bacteria l  pathogenes is : (1) antiphagocytic (cel l  wal l  proteins—protein A in Staphylococcus aureus and protein M in Streptococcus pyogenes, capsules ,

pi l i /fimbriae Neisseria gonorrhoeae); (2) adherence factors  (pi l i /fimbriae, l ipoteichoic acid, glycoca lyx, adhes ion); (3) enzymes  (coagulase,
col lagenase, fibrinolys in, hya luronidase, leci thinase, mucinase); and (4) toxins  (exotoxins , endotoxins/LPS).

• Exotoxins : polypeptide, highly fata l  even in low doses , toxoids  as  vaccines , mostly heat labi le, secreted, both gram-negative and gram-pos i tive.
• Endotoxins : LPS, low toxici ty, no toxoids , no vaccines , heat s table, released on lys is , only gram-negative.
• Free radica ls  of oxygen (superoxides) ki l l  anaerobic bacteria  exposed to a i r. Superoxide dismutase i s  a  potent bacteria l  antioxidant. The

peroxidases  in bacteria  are protective.
• Obl igate anaerobes : lack cata lase and/or superoxide dismutase and are susceptible to oxidative damage, foul  smel l ing, produce gas  in ti s sue

(eg, Actinomyces, Bacteroides, and Clostridium).

• Superoxide dismutase cata lyzes : 

• Cata lase cata lyzes : 

• Myeloperoxidase cata lyzes : 
• Si tes  of action of antimicrobia l  agents  include cel l  wal l  synthes is , cel l -membrane integri ty, DNA repl ication, protein synthes is , DNA-dependent

RNA polymerase, and fol ic acid metabol i sm.

VIROLOGY
• Virology terminology: vi rion, caps id, capsomere, nucleocaps id, and genome.
• Vi ra l  genomes:

• DNA viruses:
   • Herpesvi ruses , hepadnaviruses , poxvi ruses , adenoviruses , papi l lomaviruses , polyomaviruses , and parvoviruses .
   • Al l  DNA vi ruses  are double-s tranded (ds ), except parvoviruses  (ss ).
   • Al l  DNA vi ruses  have l inear DNA, except papi l lomaviruses  and polyomaviruses  (ds , ci rcular) and hepadnaviruses  (incomplete ds , ci rcular).



• RNA viruses:
   • (+)ssRNA (same as  mRNA) vi ruses : picornavi ruses , ca l icivi ruses , flavivi ruses , togavi ruses , hepeviruses , as trovi ruses , and coronaviruses .
   • Retrovi ruses  conta in two s trands  of (+)ssRNA that i s  NOT mRNA (diploid).
   • (–)ssRNA vi ruses : orthomyxoviruses , paramyxoviruses , rhabdoviruses , bunyaviruses , arenaviruses , fi lovi ruses , hepati ti s  D vi rus ; require vi ra l

RNA polymerase within the vi rions .
   • dsRNA vi ruses : reovi ruses ; require vi ra l  RNA polymerase within the vi rions .
   • Segmented RNA vi ruses : orthomyxoviruses , reovi ruses , bunyaviruses , and arenaviruses .

• Viral replication:
• Obl igate intracel lular paras i tes , use vi ra l  attachment proteins  to attach to host cel l  receptors .
• Growth cycle: attachment, entry, uncoating, macromolecular synthes is , assembly, and release.
• Vi ra l  disease patterns : acute, chronic, pers is tent (vi rions  produced), and latent (no vi rions  produced).
• DNA vi ruses  repl icate in the host nucleus  EXCEPT poxvi ruses .
• RNA vi ruses  repl icate in the host cytoplasm EXCEPT influenza  vi ruses .
• Vi ruses  that use reverse transcriptase (RT) have cytoplasmic and nuclear repl ication phases :

   • Retrovi ruses : vRNA–RT → vDNA in cytoplasm; vDNA integrates  into host chromosome; host RNA polymerase (RNAP) produces  vRNA in nucleus .
   • Hepadnaviruses : vDNA to nucleus ; host RNAP produces  vRNA genome template; vRNA–RT → vDNA in cytoplasm.

Hepatitis Viruses

• Hepati ti s  A vi rus  (HAV): Picornavi rus ; (+)ssRNA; feca l–ora l  transmiss ion, no chronic carriers ; ki l led vi rus  vaccine.
• Hepati ti s  B vi rus  (HBV): Hepadnavirus ; partia l ly complete ci rcular dsDNA; parenta l , sexual , vertica l  (intrapartum, postpartum) transmiss ion; acute

and chronic disease; hepatocel lular carcinoma; and recombinant HBsAg vaccine.
• Hepati ti s  C vi rus  (HCV): Flavivi rus ; (+)ssRNA; parenta l  or sexual  transmiss ion; acute and chronic disease; and hepatocel lular carcinoma.
• Hepati ti s  D vi rus  (HDV): Del ta  vi rus ; (-)ssRNA; defective vi rus , requires  HBV coinfection; acute and chronic infections .
• Hepati ti s  E vi rus  (HEV): Hepevirus ; (+)ssRNA; feca l–ora l  transmiss ion; no chronic carriers ; high morta l i ty in pregnant women.

DNA Viruses

• Parvovirus  B19: ssDNA; causes  fi fth disease/erythema infectiosum (s lapped cheek appearance).
• Papi l lomavirus  (HPV): ci rcular dsDNA; causes  common warts , HVP types  1, 4; condyloma accuminatum, HPV 6, 11; cervica l  and other geni ta l

carcinomas , HPV 16, 18; recombinant vaccines  for HPV 6/11/16/18 and HPV 16/18.
• Polyomaviruses : ci rcular dsDNA; BK vi rus , hemorrhagic cysti ti s ; JC vi rus , progress ive multi foca l  leukoencepalopathy; disease occurs  only in

immunocompromised.
• Adenoviruses : dsDNA; pharyngoconjunctivi ti s  in chi ldren, ARDS in young adults  (especia l ly mi l i tary), and gastroenteri ti s  (serotypes  40/41).
• Herpesvi ruses : dsDNA; latent infections  occur with a l l ; reactivation infections  occur with immunocompromisation.
• Herpes  s implex vi rus  type 1: primari ly ora l ; latent in neurons , especia l ly trigeminal  gangl ia ; cold sores , kerati ti s , sporadic encephal i ti s

(tempora l  lobe); and acyclovi r.
• HSV 2: primari ly geni ta l ; latent in neurons , especia l ly sacra l  gangl ia ; herpes  geni ta l i s ; neonata l  disease; sexual ly transmitted; and acyclovi r.
• Varicel la -zoster vi rus  (VZV): latent in neurons ; primary infection, chickenpox, les ions  occur in crops ; reactivation infection, shingles , les ions

occur in dermatomal  dis tribution; acyclovi r, va lacyclovi r; and l ive attenuated vi rus  vaccine.
• Cytomegalovi rus  (CMV): ubiqui tous ; di rect contact, sexual , vertica l  transmiss ion; causes  retini ti s  and pneumoniti s  in immunocompromised;

neonates  suffer from CMV inclus ion disease; ganciclovi r, and foscarnet.
• Epstein–Barr vi rus  (EBV): infects  B lymphocytes ; infectious  mononucleos is , pos i tive for heterophi le antibodies  (monospot test); speci fic EBV

antigens  a lso used to diagnose infection—early antigen (EA), vi ra l  caps id antigen (VCA), Epstein–Barr nuclear antigen (EBNA).
• HHV6: roseola  infantum.
• HHV8: Kapos i  sarcoma in AIDS.

• Poxvi ruses : largest, most complex vi ruses , and dsDNA.
• Variola  vi rus : smal lpox, extinct s ince 1977; potentia l  bioterrorism agent.

• Vaccinia  vi rus : vaccine s tra in aga inst smal lpox; can cause infection especia l ly in immunocompromised.
• Mol luscipoxvi rus : mol luscum contagiosum; pearly nodular les ions .

Positive ssRNA Viruses

• Picornavi ruses  (+ssRNA): pol iovi ruses , coxsackievi ruses  A and B, echo-vi ruses , enterovi ruses , HAV, and rhinoviruses .
• Al l  enterovi ruses  multiply in upper respiratory and gastrointestina l  tracts ; mi ld upper respiratory infections  (URI), rashes , aseptic meningi ti s

(lymphocytic pleocytos is , normal  glucose, and normal/s l ightly elevated protein).
• Pol iovi rus : para lytic pol iomyel i ti s ; eradicated in the United States ; two vaccines , Sa lk inactivated and Sabin l ive attenuated vaccines ; US now

uses  ki l led vaccine only.
• Coxsackievi rus  A: herpangina, hand-foot-and-mouth disease.
• Coxsackievi rus  B: myocardi ti s .
• Rhinoviruses : multiply only in URT; common cold.

• Flavivi ruses : a l l  arthropod-borne EXCEPT HCV.
• Encephal i ti s  (meningi ti s ): West Ni le vi rus , St. Louis  encephal i ti s  vi rus .
• Fever with rash, hemorrhagic fever: dengue vi ruses , yel low fever vi ruses .

• Togavi ruses : a l l  arthropod-borne EXCEPT rubel la  vi rus
• Encephal i ti s : a lphavi ruses—Eastern equine encephal i ti s  vi rus , Western equine encephal i ti s  vi rus , and Venezuelan equine encephal i ti s  vi rus .
• Rubel la  vi rus : rubel la  or German meas les ; causes  severe bi rth defects ; l i ve attenuated vaccine.

• Coronaviruses : most s tra ins  cause common cold; a lso severe acute respiratory syndrome (SARS).
• Retrovi ruses :

• HIV-1: diploid genome, gag, env, pol genes ; major proteins , p24 (diagnos is ), gp120 and gp 41 attachment, reverse transcriptase (RT), integrase



(IN), protease (PR); RT, IN, PR targets  for anti retrovi ra l  therapy; acute retrovi ra l  syndrome, AIDS (CD4 T-cel l  count <200/µL), and/or AIDS-defining
opportunis tic infections  (Cryptosporidium, Pneumocystis, Mycobacterium avium-intracellular, many others ), cancers  (Kapos i  sarcoma, others ),
dementia , or wasting.

• HTLV-1: acute T-cel l  leukemia/lymphoma; tropica l  spastic parapares is .

Negative ssRNA Viruses

• Require vi rion-associated RNA-dependent RNA polymerase.
• Paramyxoviruses :

• Meas les  vi rus : meas les  (rubeola  or hard meas les )—cough, coryza , conjunctivi ti s , photophobia , Kopl ik spots ; maculopapular rash; pneumonia ,
encephal i ti s ; SSPE; and l ive attenuated vaccine.

• Mumps  vi rus : mumps  (swel l ing of sa l ivary, parotid glands); aseptic meningi ti s , orchi ti s ; and l ive attenuated vaccine.
• Respiratory syncytia l  vi rus : bronchiol i ti s  and pneumonia  in infants ; ribavi rin, pa l ivi zumab.
• Para influenza  vi ruses : croup.

• Rhabdovirus : (rabies  vi rus ): bul let-shaped appearance; causes  rabies ; skunks , raccoons , foxes , coyotes/dogs , and bats  are main reservoirs  in the
United States ; animal  bi te transmiss ion through sa l iva ; control  animal  vectors ; Negri  body—eos inophi l i c intracytoplasmic inclus ion body in
infected cel l s  (bra in, nuchal  skin, and cornea).

• Orthomyxoviruses : Influenza  vi ruses  A and B; segmented genomes; genetic dri ft, minor antigen changes  IA, IB; genetic shi ft, major antigen
change to new hemagglutinin (H) and/or neuraminidase (N), IA only; osel tamivi r, zanamivi r for treatment; previous ly amantidine, rimantidine
but most ci rculating s tra ins  res is tant.

• Bunyaviruses : La  Crosse vi rus , Ca l i fornia  encephal i ti s  vi rus ; hantavi ruses .
• Arenaviruses : lymphocytic choriomeningi ti s  vi rus ; vi ruses  that cause hemorrhagic fever (Lassa  vi rus , Tacaribe vi rus ).

dsRNA Viruses: Double-Shelled Capsids

• Rotavi ruses : cause infanti le diarrhea, l ive attenuated vaccine.
• Col tivi rus : Colorado tick fever.

BACTERIOLOGY
• Gram-pos i tive cocci : s taphylococci  cata lase +, s treptococci  cata lase -.
• Staphylococcus aureus: Mannitol -sa l t agar (selective and di fferentia l ), yel low colonies , coagulase +, mannitol  +, cata lase +; some are methici l l in

res is tant (MRSA), some have vancomycin res is tance emerging (VISA); protein A binds  IgG Fc inhibi ting phagocytos is , causes  rapid-onset food
poisoning (preformed enterotoxin), toxic shock syndrome, sca lded skin syndrome, osteomyel i ti s , acute bacteria l  endocardi ti s  (IV drug users ),
abscesses , and recurrent infection in chronic granulomatous  disease (CGD).

• Staphylococcus saprophyticus: second leading cause of urinary tract infection (UTI) in young sexual ly active females .
• Streptococci : β-hemolytic divided into groups  (13 groups : A-O) based on cel l  wal l  carbohydrate antigens . Group A divided into >50 types  based on

M proteins  (vi rulence, speci fic immunity), cata lase negative.
• Streptococcus pyogenes (group A): hya luronic acid capsule, carbohydrate antigen, M protein, baci tracin sens i tive, cel lul i ti s , rheumatic fever,

glomerulonephri ti s , necrotizing fasci i ti s , erys ipelas , and scarlet fever.
• Vi ridans : include S. mitis, and so on. Normal  ora l  flora , α-hemolytic, subacute bacteria l  endocardi ti s  a fter denta l/ora l  surgery.
• Enterococcus (used to be ca l led Streptococcus) faecalis (group D): normal  intestina l  flora , subacute bacteria l  endocardi ti s  a fter pelvic/abdominal

surgery, UTIs , growth in 6.5% NaCl .
• Streptococcus agalactiae (group B): sometimes  normal  vagina l  flora ; in da i ry products  (cattle pathogen); neonata l  seps is ; (CAMP) test +.
• Peptostreptococci : normal  ora l/vagina l  flora , endocardi ti s , and lung abscess .
• Streptococcus pneumoniae: pneumonia , meningi ti s , oti ti s  media  (chi ldren), optochin sens i tive, bi le soluble, use Quel lung reaction (capsule Ags ,

host Abs), and pneumococca l  polyva lent vaccine.
• Dick test: test susceptibi l i ty to scarlet fever.
• Schultz-Charl ton test: determine i f rash i s  due to erythrogenic toxin of scarlet fever.
• Gram-negative cocci  (Neisseria): oxidase +, diplococci , polysaccharide capsule, endotoxin, associated with C5, C6, V7, C8 complement deficiency;

pathogenic forms: Thayer-Martin agar –, chocolate agar +, nutrient agar –, 37°C growth +, room temperature –; nonpathogenic forms: Thayer-Martin
agar –, chocolate agar +, nutrient agar +, 37°C growth +, and room temperature +.

• Neisseria meningitidis: capsule, endotoxin, toxemia, petechiae, hemorrhage, disseminated intravascular coagulation (DIC), and Waterhouse–
Friderichsen syndrome.

• Bacteria l  meningi ti s : in <40-year-old = S. pneumoniae; >40-year-old = S. pneumoniae; 2 to 6 months  + neonates  = Group B s treptococci , Escherichia coli;
and neonates  to 5-year-old chi ldren = N. meningitidis.

• Neisseria gonorrhoeae: pi l i , endotoxin, IgA protease, pharyngi ti s , procti ti s , pelvic inflammatory disease (PID), urethri ti s , and cervici ti s .
• Gram-pos i tive baci l l i : aerobic (Bacillus); anaerobic (Clostridium), ki l led by autoclave. Al l  are spore formers .
• Bacillus anthracis: polypeptide capsule, exotoxin, and anthrax (Woolsorters  disease).
• Bacillus cereus: food poisoning (food reheated once), enterotoxin.
• Clostridium: no cytochrome enzymes , no cata lase, and no superoxide dismutase.
• Clostridium tetani: noninvas ive, neurotoxins  (prevents  release of neura l  inhibi tory transmitters  such as  γ-aminobutyric acid [GABA] and glycine),

lockjaw, spastic para lys is ; give toxoid/anti toxin.
• Clostridium botulinum: noninvas ive, exotoxins  (prevents  acetylchol ine release), flaccid para lys is , and anti toxin (honey ingestion in infancy).
• Clostridium perfringens: invas ive, enterotoxin, food poisoning, myonecros is , col lagenase, leci thinase, and gas  gangrene.
• Clostridium difficile: Pseudomembranous  col i ti s  can occur after broad-spectrum antibiotic usage.
• Corynebacterium diphtheriae: Gram-pos i tive rod, metachromatic granules , exotoxin (inhibi ts  EF-2 and protein synthes is ).
• Listeria monocytogenes: Gram-pos i tive rod in cerebrospina l  fluid (CSF), compromised host, neonate, diarrhea after eating raw cheeses , and

tumbl ing moti l i ty.
• Salmonella: moti le Gram-negative rod, enteric fever, food poisoning; Salmonella typhi = human pathogen; other species  = animal  pathogens ;

moti le; and nonlactose fermenter.



• Shigella: nonmoti le Gram-negative rod, more vi rulent than Salmonella, bloody diarrhea, shigel los is  i s  human disease, ora l–anal  route (fingers ,
fl ies , food, and feces), toxin inhibi ts  protein synthes is .

• Escherichia coli: Gram-negative rod, most common UTI, seps is  (serious); enterohemorrhagic E. coli (EHEC) (col i ti s , hemolytic uremic syndrome—
verotoxin, hamburger, beef); enteroinvas ive E. coli (EIEC) (fever, bloody s tool , and diarrhea); enterotoxigenic E. coli (ETEC) (traveler diarrhea);
enteropathogenic E. coli (EPEC) (infant fever and diarrhea, nonbloody s tool ).

• Pseudomonas aeruginosa: Gram-negative rod, antibiotic res is tance, blue–green pigments ; causes  UTI, wounds , burns , greenish-yel low sputum.
• Klebsiella: Gram-negative, large capsule; causes  UTI, pneumonia , especia l ly in a lcohol ics  (currant jel ly sputum).
• Haemophilus influenzae: Gram-negative rod; causes  meningi ti s , oti ti s , s inus i ti s , and epiglotti ti s .
• Proteus: Gram-negative rod, resul t in swarming growth; produce urease (urea  →, NH3); a l so produced by Helicobacter pylori and Ureaplasma

urealyticum; causes  UTI, wounds , renal  s tones , and large s taghorn ca lcul i .
• Gardnerella vaginalis: Gram-negative, “clue cel l s”; vagini ti s  with discharge (fi shy smel l , conduct Whiff test).
• Bordetella pertussis: Gram-negative, capsule form, pi l i , ki l led vaccine, causes  whooping cough.
• Yersinia pestis: Gram-negative, “safety pin” (bipolar s ta ining), causes  plague (bubonic/pneumonic), spread by rat flea .
• Francisella tularensis: Gram-negative, spread by skinning rabbits  (jack-rabbits ), causes  tularemia.
• Pasteurella multocida: Gram-negative, spread by cat/dog bi tes ; causes  cel lul i ti s , “shipping fever.”
• Brucella: Gram-negative, detected by dye sens i tivi ty test; causes  undulant fever.
• Mycobacterium tuberculosis: acid-fast, causes  tuberculos is , detected by acid-fast s ta in, Lowenstein–Jensen medium, puri fied protein derivative

(PPD) testing.
• Mycobacterium leprae: acid fast, causes  leprosy, cannot be cul tured.
• Haemophilus ducreyi: Gram negative, causes  pa inful  les ion, chancroid (syphi l i s : pa inless  chancre).
• Treponema pallidum: Gram negative, detected by Venereal  Disease Research Laboratories  (VDRL) tests , fluorescent treponemal  antibody

absorption (FTA-ABS), and IgM antibody; use penici l l in G for treatment; has  three s tages  (1—ini tia l  chancre, 2—whole body rash, 3—chronic
inflammation caus ing ti ssue destruction) spi rochetes , dark-field microscopy.

• Borrelia: Gram negative, ani l ine dyes  (Wright/Giemsa), Ixodes ti ck, relaps ing fever, Lyme disease, acute necrotizing ulcerative gingivi ti s ,
spi rochete.

• Legionella pneumophila: Legionnaires  disease, fulminating pneumonia , Gram-negative rod, a i rborne through contaminated water (a i r-conditioner
cool ing system).

• Exotoxin: heat labi le.
• Endotoxin (LPS): heat s table.
• Diphtheria/Pseudomonas exotoxin: act via  ADP-ribosylation of EF-2, thus  protein synthes is  inhibi ted.
• Escherichia coli, Vibrio cholerae, B. cereus heat-labi le enterotoxin: ADP ribosylation of Gs protein turns  Gs protein on, thus  activating adenylate

cyclase, leading to ↑cAMP and diarrhea.
• Bordetella pertussis: Gram negative, heat-labi le enterotoxin: ADPribosylation of Gi protein turns  off GI protein, thereby activating adenylate

cyclase, leading to ↑ cAMP and nasa l  discharge.
• Vibrio: oxidase pos i tive; one flagel lum; curved, “comma-shaped” Gram-negative rod; ha lophi l i c (except V cholerae). Al l  are Gram negative.
• Vibrio parahaemolyticus: spread by contaminated seafood, causes  diarrhea.
• Vibrio vulnificus: spread by contaminated marine animals  (oyster ingestion), causes  diarrhea, skin les ions  (handl ing).
• Res is tant nosocomia l  infections : vancomycin-res is tant enterococci  (VRE), treat with quinupris tin–dal fopris tin; methici l l in-res is tant S. aureus

(MRSA), treat with vancomycin; and vancomycin-indeterminate S. aureus (VISA), cons ider new treatment options  such as  l inezol id or
quinupris tin/dal fopris tin.

• Mycobacterium tuberculosis causes  ini tia l  primary pulmonary infection that may enter chronic latent granulomatos is  s tage or resul t in reactivation
of disease characterized by hemoptys is , loss  of weight, and fever.

• Penici l l in-res is tant pneumococci  (S. pneumoniae) Gram pos i tive, may account for up to 40% of i solates  of S. pneumoniae. Thi rd- or fourth-generation
cephalosporins  may be used as  a l ternative treatment as  wel l  as  vancomycin and ri fampin.

• Campylobacter (GE) and Helicobacter (PUD) are both hel ica l -shaped bacteria . Campylobacter causes  a  food-borne GI i l lness , most commonly from
undercooked meat. Both bacteria  are susceptible to antibiotics  such as  tetracycl ine. Helicobacter may be treated with Pepto-Bismol ,
metronidazole, and amoxici l l in. Al l  are gram negative.

Media-Selective Examples

• Bi le escul in agar—used to identi fy Enterococcus  from non-Group D cocci .
• Bordet-Gengou agar—used for i solating B. pertussis.
• Chocolate agar—used to identi fy fas tidious  organisms  (Neisseria and Haemophilus).
• Thayer-Martin agar—used to identi fy Neisseria.
• Muel ler-Hinton agar—used for susceptibi l i ty testing.
• EMB agar and MacConkey agar—used to identi fy enterobacteriaceae (enterics ).
• Fletcher medium—used to identi fy Listeria.
• Loeffler medium—used to identi fy C. diphtheriae.
• Lowenstein–Jensen medium—used to identi fy mycobacteria .
• Middlebrook 7H10—used to identi fy mycobacteria .
• Mannitol  sa l t agar—used to identi fy s taphylococci , speci fic for S. aureus.



• Seleni te broth—used to identi fy enrichment for Salmonella/Shigella.

RICKETTSIAE, CHLAMYDIAE, AND MYCOPLASMAS

Rickettsiae

• Rickettsia, Coxiella, Orientia, Anaplasma, and Ehrlichia—main genera. Al l  are obl igate intracel lular paras i tes  due to l imited adenos ine triphosphate
(ATP) production. Insect vectors  include ticks , mites , and body l i ce.

• Rocky Mounta in spotted fever—caused by Rickettsia rickettsii, spread by ticks , invades  capi l laries , caus ing vascul i ti s . Rash commonly progresses
from extremities  to trunk. Diagnos is  i s  usual ly serologic, us ing cross -reacting antibodies  to Proteus vulgaris OX s tra ins .

• Treat with tetracycl ines , doxycycl ine.
• Coxiella burnetii—reservoir i s  l i vestock; inhalation transmiss ion. Causes  Q fever, an atypica l  pneumonia .
• Ehrlichia—infects  monocytes , granulocytes ; ti ck transmiss ion.
• Anaplasma: A. phagocytophilum causes  human granulocytic ehrl ichios is .
• Orientia tsutsugamushi: causes  scrub typhus .

Chlamydiae

• Obl igate intracel lular paras i tes  that require host ATP. Possess  a  modi fied Gram-negative cel l  wal l , a  true bacterium.
• Unusual  l i fe cycle—infectious  elementary bodies  bind to receptors  and enter cel l s , forming an intracel lular reticulate body. Dividing reticulate

bodies  form new elementary bodies . Reticulate bodies  form inclus ion bodies  in the host cel l .
• Chlamydia trachomatis i s  sens i tive to sul fa  drugs , and s ta ins  with iodine (glycogen s ta ining). Serotypes  A, B, and C cause trachoma, a  chronic

fol l i cular keratoconjunctivi ti s , often resul ting in bl indness  (leading cause worldwide).
• Serotypes  D to K cause reproductive tract infections , pneumonia , and inclus ion conjunctivi ti s . Chlamydia l  geni ta l  infections  are widespread and

common. Neonata l  infections  often resul t in inclus ion conjunctivi ti s . Treat with erythromycins  or tetracycl ines .
• Serotypes  L1, L2, and L3 cause lymphogranuloma venereum.
• Identi fy geni ta l  infections  with molecular probes , fluorescent antibody (FA) s ta ining for ti s sues , grow in McCoy cel l  cul tures .
• Chlamydophila psittaci uses  bi rds  as  primary hosts . Humans  develop an atypica l  pneumonia  from inhal ing the organism. Diagnos is  i s  usual ly

serology, not iodine s ta ining.
• Chlamydophila pneumoniae (TWAR) causes  human bronchi ti s , pneumonia , and s inus i ti s . Treat with azi thromycin.

Mycoplasma

• Bacteria  with no cel l  wal l .
• Grown on laboratory media; do not Gram sta in accurately.
• Mycoplasma pneumoniae—causes  sore throat through atypica l  pneumonia  (walking pneumonia); treat with tetracycl ines  or erythromycins .
• Ureaplasma urealyticum—urethri ti s , prostati ti s ; forms  tiny colonies , require urea  for growth.

MYCOLOGY
• Fungi  (molds  [moulds] and yeasts ) are eukaryotic—cel l  membranes  have ergosterol  (not cholesterol ) and the di fference i s  a  drug target.
• Fungal  s tructures—hyphae (molds) or yeast cel l s .
• Dimorphism—abi l i ty to grow in two forms, for example change from hyphal  to yeast forms  (or spherules  of Coccidioides spp.).
• Hyphae amass  into a  mycel ium; septate hyphae have cross -wal l s ; nonseptate hyphae have no or rare cross -wal l s .
• Yeasts—oval  cel l s  that repl icate by budding or by fi s s ion (P. marneffii).
• Spores  and conidia—reproductive s tructures ; blastoconidia—yeast buds ; conidia—produced by hyphae (some species  produce both macro-and

microforms); endospores—produced in spherule by Coccidioides spp.; arthroconidia—modified hyphal  cel l s  released by fragmentation.
Sporangiospores  produced within sporangium, for example Mucor spp.

• Laboratory test—Sabouraud agar i s  s tandard fungal  medium.
• Identi fi cation—macroscopic (colony) and microscopic morphology, biochemica l  tests , immunologic tests , or DNA probes .

Antifungal Drugs

• Drugs  that target ergosterol–ergosterol  biosynthes is : inhibi tion of squalene epoxidase (tolnaftate, a l lylamines); inhibi tion of P450 14-α-
demethylase (imidazoles  and triazoles ); bind to ergosterol  dis turbing membrane s tructure (polyenes).

• Antimetabol i te: flucytos ine inhibi tion of RNA and DNA synthes is .
• Echinocandins : inhibi tion biosynthes is  cel l  wal l  glucan.
• Drug res is tance mechanisms—uptake and metabol i sm (flucytos ine); mutation subunit β-1,3-glucan synthase (echinocandins ); mutation and/or

overexpress ion of target and/or efflux pumps  (azoles ). Al teration or decrease ergosterol  content (polyenes).

Superficial Skin, Cutaneous Dermatophyte, and Subcutaneous Infections

• Malassezia spp.—etiology of pi tyrias is  (tinea) vers icolor, a  superficia l  infection with hyper- or hypopigmentation of skin; microscopic analys is
skin scraping shows  “spaghetti  and meatbal l s” appearance.

• Dermatophytes—three genera: Trichophyton spp. a ffects  skin, ha i r, and na i l s ; Microsporum spp. a ffects  ha i r and skin; Epidermophyton a ffects  na i l
and skin.

• Tineas  cause by dermatophytes—ringworm (T. capitis—scalp infection involving ha i r; T. corporis—infection glabrous  skin; T. cruris infection groin-
aka  jock i tch; T. pedis aka  athlete’s  foot; T. unguim-na i l  infection aka  onychomycos is  caused by dermatophytes ); hya l ine hyphae and arthroconidia
in ti s sue.

• Sporothrix schenckii—thermal ly dimorphic fungus  found on plants  and in soi l  (mold form); subcutaneous  inoculation of puncture wound, for
example from a  thorn, or occas ional ly scratch from infected cat; develop subcutaneous  infection at location with spread a long dra ining lymphatic
(rose gardener’s  disease); yeast form in ti s sue.

Systemic Infections Due to Dimorphic Fungi



• Histoplasma capsulatum—mold in the envi ronment with tuberculate macroconidia  and smal l  nondis tinction microconidia ; smal l , ova l  budding
yeast in cel l s  of the reticuloendothel ia l  sys tem (RES).

• Eastern ha l f Uni ted States—Ohio and Miss iss ippi  river va l leys , especia l ly important—birds  and bat caves .
• Primary disease—asymptomatic to pneumonia .
• Disseminated disease—especia l ly in immunosuppressed and AIDS patients . May be acute or subacute with mucocutaneous  les ions  common in

subacute.
• Laboratory tests—history plus  blood smears  and cul ture, antigen detection.
• Coccidioides spp.—found in a  sandy envi ronment, especia l ly deserts  (in southwestern USA, lower part of Ca l i fornia , Arizona, New Mexico, and

Texas); drying hyphae fragment into arthroconidia ; inhaled arthroconidia  develop into spherules  conta ining endospores .
• Primary disease—val ley fever—asymptomatic to sel f-l imited pneumonia .
• Disseminated form more often in men than in women, ri sk greater immunocompromised individuals  and pregnant women, ri sk appears

increased among those of African American or Fi l ipino ancestry; a ffects  skin, bone, joints , and meninges .
• Laboratory—culture i s  hazardous  and a  proper technique i s  necessary i f done; sputum, urine, and bronchia l  washes  may show spherules .

Detection of antibodies  in serum.
• Blastomyces dermatitidis—environment mold, hyphae with conidia  on s ta lks ; ti s sue—large yeast cel l  wi th broad-based bud.
• Same geographica l  area  as  Histoplasma, conidia  are inhaled.
• Primary disease—asymptomatic to pneumonia .
• Disseminated disease—skin most common mani festation and may be presenting compla int.
• Laboratory—culture and examination ti ssue for large yeast cel l s , broad-based buds .

Opportunistic Mycoses

• Aspergillus fumigatus—hyphae with branches  at acute angles  and smal l  conidia ; ubiqui tous  in envi ronment.
• Noninvas ive fungus  ba l l s  (aspergi l loma) in lung cavi ties ; colonization in ears  and nasa l  cavi ty.
• Opportunis tic (eg, immunosuppressed patient) invas ive disease may be loca l i zed in lungs  or disseminate to genera l i zed disease and may be

l i fe threatening.
• Candida albicans—normal  flora  of cutaneous  and mucocutaneous  surface usual ly in yeast form. Hyphae and pseudohyphae are genera l ly

additional ly present in infection. C. albicans most frequent i solate in most s tudies ; other Candida spp. include C. glabrata and C. tropicalis.
• Cutaneous  or mucocutaneous  infection associated morbidi ty. For example, thrush in neonates , AIDS; denture s tomati ti s ; and vagini ti s .
• Systemic—candidemia; may hematogenous ly disseminate any organ, including kidney, bra in, eye, and skin. Li fe threatening. Risk factors  include

immunosuppress ion and catheters .
• Cryptococcus neoformans—yeast with large capsule.
• Envi ronment—soi l  wi th bi rd (especia l ly pigeons) droppings .
• Primary disease—primary pulmonary (often asymptomatic).
• Disseminated infections  frequently mani fest in USA as  meningi ti s ; underlying ri sk includes  prolonged treatment corticosteroids , mal ignancy,

and AIDS.
• Laboratory test—India  ink mount body fluids , ti s sue s ta ins  highl ight capsule; cul ture; latex agglutination—CSF (capsular antigen).
• Cryptococcus gattii—geographica l ly l imited, less  frequently i solated and associated vegetation (not guano); may be more l ikely to infect

immunocompetent individuals  and most cases  may have primary pulmonary symptoms.
• Mucor, Rhizopus, and Absidia—nonseptate hyphae.
• Envi ronment—common organisms.
• Opportunis t infections—rhinocerebra l  infections ; acidos is , eg, diabetics .
• Laboratory test—broad, nonseptate hyphae with 90° angles  on branching but often too few to see; cul ture.
• Pneumocystis jiroveci—exposure common—seldom causes  disease except in immunocompromised, especia l ly AIDS patients  and debi l i tated

infants ; causes  inters ti tia l  pneumonia  (old name: P. carinii, i solated from rats , whi le P. jiroveci from humans).
• Laboratory tests—organisms  not cul turable and rely s ta ins  (eg, H&E, s i lver, Giemsa) to detect asci  (cysts ), spores , etc.
• Treatment—TMP-SMX, pentamidine (not anti fungals ; organism lacks  ergosterol ).

PARASITOLOGY
• Protozoa are s ingle-cel led animals . Trophozoi tes  are moti le (ingested RBC are often seen ins ide), whi le cysts  (four nuclei  and chromatid body

are characteris tic) are involved in transmiss ion.
• Amoebas .
• Entamoeba histolytica—disease of the large intestine; amebic dysentery—trophozoites  feed on red blood cel l s  (RBCs), caus ing flask-shaped

ulcers . Also l iver and lung abscesses  poss ible.
• Naegleria—free-l iving amoeba in hot water sources ; causes  primary amebic meningoencephal i ti s  (PAM); rapid onset of symptoms, with death

poss ible in days .
• Acanthamoeba—free-l iving amoebas ; cause granulomatous  amoebic encephal i ti s  (GAE); found in tap water, freshwater, seawater, and other such

sources .
• Flagel lates .
• Giardia lamblia—worldwide dis tribution, animal  reservoirs ; cysts  in water sources . Trophozoi tes  attach to intestine, caus ing watery diarrhea and

malabsorption (beaver fever). Cramping, l ight-colored, fatty s tools ; a l so acquired from day-care centers  or whi le camping.
• Trichomonas vaginalis—trophozoite with undulating membrane and polar flagel la ; presents  with yel low discharge that has  a  fi shy odor; males

usual ly asymptomatic; sexual ly transmitted. No cyst s tage.
• Trypanosoma brucei—flagel lates  transmitted by tsetse fly; cause African s leeping s ickness . Winterbottom s ign (swel l ing of the posterior cervica l

lymph node i s  characteris tic of disease).
• Trypanosoma cruzi—Chagas  disease transmitted by kiss ing bug; preva lent mostly in South and Centra l  America; causes  cardiomegaly, mega-colon.

Romana s ign or chagoma (swel l ing around the eye caused by the entry of T. cruzi).
• Leishmania—sandfly vectors ; cause viscera l , cutaneous , and mucocutaneous  les ions .



• Cryptosporidium parvum—found in US waters ; causes  a  sel f-l imited diarrhea. Symptoms severe in immunocompromised patients , especia l ly those
with CD4 counts  <200/µL.

• Plasmodium species  cause malaria . Anopheles mosquito vectors ; compl icated l i fe cycles ; P. vivax (Schuffner dots , enlarged RBC), P. ovale (crenated
RBC), P. malariae (da isy head schizont), P. falciparum (s ignet ring, normal -s i ze RBC, sausage-shaped gametocyte), and an emerging species  P.
knowlesi (s imi lar to P. malariae morphologica l ly).

• Toxoplasma gondii—reservoir i s  cats . Humans  ingest cysts  from cat feces  or undercooked meats ; especia l ly dangerous  to human fetus  as  i t a ffects
congenita l  development.

SUMMARY POINTS TO REMEMBER ABOUT PROTOZOAN PARASITES

Transmission

• Ingestion (eg, Giardia, Entamoeba).
• Di rect penetration via  insect bi te (eg, Malaria , Trypanosoma).
• Transplacenta l  penetration (eg, Toxoplasma).

Diagnosis

• Many infections  may be diagnosed by microscopic examination of the feces  (eg, Giardia, Entamoeba), blood (eg, Malaria , Trypanosoma) or bone
marrow (Leishmania).

• Serologic tests  are ava i lable but cross -reactivi ty with other paras i tes  may be a  problem.

Clinical Manifestations

• Can be nonspeci fic and cl inica l ly unremarkable and nonspeci fic (eg, diarrhea and abdominal  discomfort [intestina l  paras i tes ]) to very species -
speci fic (eg, Chagas  disease).

Prevention and Treatment

• Avoidance with the source of infective s tage.
• Personal  hygiene.
• Vector control .
• Important drugs  to remember (metronidazole for intestina l  protozoa; quinine derivatives ; atovaquone–proguani l ; artemis inin derivatives .
• No vaccine for any protozoan paras i te. Some vaccines  for malaria  have shown promise in cl inica l  tria l s .
• Flukes .
• Fasciolopsis buski—affects  intestines ; cysts  on water plants  ingested; causes  diarrhea.
• Clonorchis sinensis—affects  l iver; transmitted from raw or undercooked fi sh; bi l iary tree loca l i zation and l iver location.
• Fasciola hepatica—sheep l iver fluke; humans  can become infected by ingestion of metacercariae on aquatic plants .
• Schistosoma—also ca l led blood flukes ; porta l  hypertens ion and hepatosplenomegaly (S. mansoni, S. japonicum). Cysti ti s  and urethri ti s  (S.

haematobium) wi th hematuria , which can progress  to bladder cancer.
• Cestodes—segmented flatworms with compl icated l i fe cycles .
• Taenia solium (pork) and T. saginata (beef)—larva l  forms  (cysticercos is ) found in undercooked meat. Adult tapeworms develop in the intestine. T.

solium eggs  when ingested by human can develop into cysticercos is .
• Diphyllobothrium latum—fish tapeworm; fi sh in freshwater lakes , under-cooked fi sh ingested; depletes  host of vi tamin B12.
• Echinococcus granulosus—dog tapeworm. Humans  are intermediate hosts  and ingest eggs  from sheep or dog feces , hydatid cysts  of l iver,

anaphylaxis i f burst.
• Nematodes—roundworms.
• Ascaris lumbricoides—may cause intestina l  blockage.
• Enterobius vermicularis (pinworm)—eggs  in bedclothes , detected in scotch tape test, etc; retroinfection common; widespread in the United States .
• Necator americanus—New World hookworm.
• Ancylostoma duodenale—Old World hookworm; eggs  found in soi l ; penetrate bare feet.
• Strongyloides stercoralis (threadworm)—found in tropics , southeast United States ; i s  s imi lar to hookworms; no eggs , only larva l  forms.

Hyperinfection can develop in patients  on s teroid therapy with high morta l i ty.
• Trichuris trichiura (whipworm)—found in tropics ; spreads  when eggs  are ingested, or due to poor sani tation; causes  mucoid or bloody diarrhea,

anal  prolapse.
• Trichinella spiralis (pork roundworm)—larvae ingested in pork or wi ld game meat. Larvae may ca lci fy in muscle of intermediate host.
• Tissue nematodes—fi laria l  worms. None are s igni ficant in the United States .
• Onchocerca volvulus—also ca l led river bl indness . Blackfly i s  the vector of disease. The preferred treatment i s  ivermectin.
• Loa loa—day-bi ting fly i s  the vector.
• Wuchereria bancrofti—mosquito vectors ; may cause elephantias is  by blocking lymphatics .

SUMMARY POINTS TO REMEMBER ABOUT WORMS

Transmission—Oral

• Human feces . Feco-ora l  transmiss ion i s  important in severa l  worms. Soi l ing by infected human feces  i s  respons ible for infestation by Ascaris,
Enterobius, Trichuris, and cysticercus  larvae (larva l  T. solium).

• Animal  feces . Humans  become infected with the eggs  of Echinococcus granulosus (hydatid cysts ) by eating products  that have been contaminated
by animal  excreta .

• Infected meat. Eating raw or insufficiently cooked meat, which conta ins  larvae, leads  to infection by adult Taenia.
• Infected fi sh. Eating raw or insufficiently cooked fi sh may lead to infection with trematodes  such as  Clonorchis.
• Infected crabs  and crayfi sh. Eating larva l -infested, raw, or insufficiently cooked crabs  may lead to paragonimias is  (lung fluke).
• Contaminated plants . Infection with the giant intestina l  fluke (Fasciolops ias is ) occurs  via  the consumption of severa l  kinds  of raw plants , for



example water nut and water chestnut, on which larvae are encysted.
• Contaminated water. Drinking water conta ining cyclops  (smal l  crustaceans) infected with Dracunculus, leads  to guinea worm infection (a lmost

eradicated only 1000 infected people).

Transmission—Skin Penetration

• Larvae of Strongyloides and hookworm enter through the skin from the soi l . Schistosome cercariae penetrate the skin when humans  come into
contact with infested water.

Clinical Manifestations

• Can be nonspeci fic and cl inica l ly unremarkable and nonspeci fic (eg, diarrhea, abdominal  discomfort, nausea, and anorexia  [intestina l
nematodes]) to very species -speci fic (eg, cysticercos is  and hydatid cyst disease).

Prevention and Treatment

• Avoidance with the source of infective s tage. Inspection of meat. Storage and proper cooking of meat.
• Anthelmintic treatment—praziquantel , a lbendazole, mebendazole, and ivermectin are the bas ic drugs .

IMMUNOLOGY
• Two types  of immune response: (1) adaptive or acquired (speci fic, s low primary response, rapid secondary response), and (2) innate (native or

natura l , rapid).
• Innate immunity: l imited speci fici ty, no immunologica l  memory, fi rs t l ine of defense (epi thel ia l ), biochemica l  defenses  (s tomach ↓pH, GI

proteolytic enzymes , and bi le), phagocytes  (polymorphonuclear neutrophi l s  [PMNs] and monocytes , macrophages), natura l  ki l ler (NK) cel l s ,
soluble mediators  (complement, acute-phase proteins  such as  C-reactive protein, cytokines  such as  ILs , IFNs , CSFs ), inflammation (C5a:
chemotaxis , C3b: opsonization, neutrophi l s ).

• Adaptive immunity: speci fic, antigen-driven, discriminates  sel f from non-sel f, possesses  memory, divided into (1) humoral  immunity (B cel l s ,
plasma cel l s ) and (2) cel l -mediated immunity (T helper cel l s , T cytotoxic cel l s—CTLs).

• Antibodies  (B lymphocytes/plasma cel l s ): main functions  are (1) neutralize toxins/vi ruses , (2) opsonize bacteria , and (3) complement activation.
• Antibodies  (five i sotypes): IgG, IgA, IgM, IgD, and IgE (based on Fc heavy-chain di fferences), two l ight cha ins  (kappa and lambda) and two heavy

chains  held together by disul fide bonds , the hinge region i s  polyprol ine, paratope binds  antigen and i s  composed of heavy and l ight cha ins .
Peps in yields  F(ab)2 and papain yields  two Fab fragments  and one Fc fragment.

• Antibody concentrations  (serum): IgG > IgA > IgM > IgD > IgE.
• IgG: crosses  the placenta  (Rh incompatibi l i ty, hemolytic disease of newborn), 80% of serum antibody, binds  (activates ) complement, four

subclasses  (IgG1, IgG2, IgG3, and IgG4), main antibody in secondary (reca l l  or memory) response.
• IgA: secretory antibody, serum (monomer), secretions  (dimers ), two subclasses , dimer (J cha in), does  not bind complement.
• IgM: pentamer, binds  complement, fi rs t to appear after infection, elevated in congenita l/perinata l  infections .
• IgD: susceptible to proteolytic degradation, found with surface IgM on mature B lymphocytes .
• IgE: cytotropic/reaginic antibody, a l lergy antibody, type I  hypersens i tivi ty (mast cel l s /basophi l s  protective in worm infections), lowest

concentration in serum.
• Bence Jones  proteins : multiple myeloma—large amounts  of κ/λ l ight cha ins  in urine excretion.
• Natura l  ki l ler cel l s : marker i s  CD16 (IgG Fc receptor).
• B cel l s : antibody producers  contributing to a l lergy (IgE), autoimmunity, host defense (opsonize, neutra l i ze, complement activate).
• B-cel l  markers : Fc receptor, C3 receptor, CD21 (receptor for EB vi rus ), and CD10 (common acute lymphoblastic leukemia  antigen [CALLA]).
• T cel l s : host defense (fungi , vi ruses , M. tuberculosis), a l lergy (type IV—delayed hypersens i tivi ty), antibody regulation, graft/tumor rejection.
• T-cel l  markers : CD2, TCRαβ-CD3, CD28, CD4 (a lso receptor for HIV) or CD8, CD44 (migration).
• Complement deficiencies : (1) C1 esterase inhibi tor: angioedema; (2) decay-accelerating factor (DAF): paroxysmal  nocturnal  hemoglobinuria ; (3)

C3 deficiency: severe, recurrent infections  (s inus  and respiratory)—pneumonococci ; (4) C5 to C9 deficiency: disseminated gonococcemia.
• Major his tocompatibi l i ty complex (MHC) Class  I: exis ts  on a l l  nucleated cel l s—MHC I + peptide = l igand for CD8 T cel l s .
• MHC Class  I I : exis ts  on antigen-presenting cel l s  (macrophages/dendri tic cel l s ), important to organ rejection—MHC II  + peptide = l igand for CD4 T

cel l s .
• Cytokines : IFNα, β (antivi ra l ), TNF (inflammation, fever, acute-phase reactants , cachexia), IL-1 (fever/pyrogen, acute-phase proteins ), IL-2 (T-cel l

s timulator), IL-3 (bone marrow stimulator), IL-4 (IgE production), IL-5 (proeos inophi l , antihelminths), IL-6 (acute-phase proteins , B-cel l
di fferentiation), IL-8 (inflammation, chemotaxis ), IL-12 and IFN-γ NK cel l  s timulator, TH1 s timulator, active cytotoxic lymphocyte s timulator,
promotes  cel l -mediated immunity.

• Acute-phase cytokines : IL-1, IL-6, and TNF-α.
• Mitogens : B lymphocytes  (LPS), T lymphocytes  (phytohemagglutinin [PHA] and Con A), both B and T cel l s  (pokeweed mitogen [PWM]).
• Enzyme-l inked immunosorbent assay (ELISA)-sens i tive presumptive diagnos is  of HIV infection, western blot speci fic, defini tive diagnos is  of HIV

infection → both detecting anti -HIV antibodies  in patient sera; detection of HIV RNA by nucleic acid ampl i fi cation of vi ra l  load i s  best predictor
of “progress ion to AIDS.”

• Immunodeficiencies : (1) primary—rare and cause di sease; and (2) secondary—common and the result of disease.
• Primary immunodeficiencies : Bruton agammaglobul inemia—no B cel l s , low antibodies , smal l  tons i l s , only males ; DiGeorge syndrome

(congenita l  thymic aplas ia)—third and fourth pharyngeal  pouches  development fa i lure, no thymus, no T cel l s , no parathyroid (hypocalcemia),
and recurrent vi ra l , fungal , protozoal  infections ; severe combined immunodeficiency disease (SCID)—no T or B cel l s , defective IL-2 receptor,
deficiency adenos ine enzyme, recurrent infections  (vi ra l , bacteria l , fungal , and protozoal ); Wiskott Aldrich syndrome—B- and T-cel l  deficiency,
low IgM, high IgA, normal  IgE; ataxia  telangiectas ia—defective DNA repair; Chèdiak–Higashi  disease—autosomal-recess ive defect in
phagocytos is ; CGD—NADPH oxidase deficiency, increased opportunis tic pathogens , phagocytic deficiency; chronic mucocutaneous  candidias is  —
C. albicans T-cel l  dys function.

• Immunodeficiency characterized by unusual  and recurrent infections .
• B-cel l  (antibody) deficiency—bacteria l  infections .
• T-cel l  deficiency—vira l , fungal , and protozoal  infections .



• Phagocytic cel l s  deficiency—pyogenic infections  (bacteria l ), skin infections , and systemic bacteria l  opportunis tic infections .
• Complement deficiencies—pyogenic infections  (bacteria l ).
• Hypersens i tivi ty: (1) type I  (anaphylaxis , immediate-type hypersens i tivi ty, IgE); (2) type II  (cytotoxic hypersens i tivi ty); (3) type II I  (immune complex

hypersens i tivi ty); and (4) type IV (cel l -mediated, delayed-type hypersens i tivi ty).
• Type I: mast cel l /basophi l , IgE, vasoactive amines , as thma, anaphylaxis , loca l  wheal , and flare.
• Type II: IgM, IgG bind antigen and lyse cel l , autoimmune hemolytic anemia, Goodpasture syndrome, and erythroblastos is  feta l i s .
• Type II I : immune complex, serum s ickness , Arthus  reaction → antibody–antigen complexes .
• Type IV: lymphokines  released from activated T lymphocytes , TB skin test, contact dermati ti s , transplant rejection, and lupus  (SLE).
• Autoantibodies : systemic lupus  erythematosus  (antinuclear antibodies , anti -dsDNA, anti -Smith); drug-induced lupus  (antihis tone); rheumatoid

arthri ti s  (anti -IgG); cel iac disease (antigl iadin), Goodpasture syndrome (antibasement membrane); Hashimoto thyroidi ti s  (antimicrosomal);
scleroderma Calcinos is  Raynaud Esophagus  Scleros is  Teleangiectas iae (CREST) (anticentromere); and scleroderma di ffuse (anti -scl -70).

• Active immunity: induced after exposure to foreign antigens , memory establ i shed, s low primary response, and rapid secondary (reca l l  or
memory) response.

• Vaccines : (1) capsular polysaccharide vaccines  (Streptococcus, N. meningitidis, H. influenzae); (2) toxoid vaccines  (C. diphtheriae, C. tetani, B. pertussis);
(3) puri fied protein vaccines  (B. pertussis, Borrelia burgdorferi, B. anthracis); (4) l i ve, attenuated bacteria l  vaccines  (M. bovis for tuberculos is/BCG, F.
tularensis); (5) ki l led bacteria l  vaccines  (V. cholerae, Y. pestis, R. rickettsiae/typhus , C. burnetii/Q fever); (6) ki l led, l ive, attenuated, and polysaccharide
vaccines  (S. typhi).

• Adjuvants  (human vaccines): a luminum hydroxide, l ipid, or oi l -in-water emuls ion.
• Pass ive humoral  immunity: adminis tration of preformed antibody in immune globul in preparations , no memory establ i shed, rapid onset (eg,

tetanus  anti toxin, botul inum anti toxin, diphtheria  anti toxin), anti toxin = immune globul ins .
• Pass ive cel lular immunity: adminis tration of speci fic lymphocytes  (NK cel l s , T cel l s ), short l ived, may not resul t in memory, adaptive cel l  therapy

(ACT).



Physiology and Molecular Microbiology

Questions

1. A 28-year-old female with fol l i cul i ti s  i s  not respons ive to a  10-day treatment course with penici l l in. An enzyme produced by the etiologic agent
is  most l ikely respons ible for this  treatment fa i lure. At which s i te on the molecule shown does  this  enzyme act to destroy penici l l in?

a. 1
b. 2
c. 3
d. 4
e. 5

2. A 35-year-old male was  treated with an aminoglycos ide for an infection with a  gram-negative rod. Which of the fol lowing bacteria l  processes  i s
involved in transport of this  antibiotic into the cel l?

a . Faci l i tated di ffus ion
b. Fermentation
c. Group trans location
d. Oxidative phosphorylation
e. Transpeptidation

3. A 36-year-old male developed a  pa inful  purulent urethra l  discharge fol lowing a  2-week vacation to Thai land. A Gram sta in reveals  gram-
negative diplococci . Iron, which i t obta ins  through surface receptors , i s  essentia l  for the express ion of the microorganism’s  vi rulence factors . From
which of the fol lowing molecules  does  i t obta in i ron?

a. Ferric oxide
b. Lactoferrin
c. Lipopolysaccharide (LPS)
d. Pyocyanin
e. Siderophores

4. A female medica l  s tudent i s  admitted to the emergency department with symptoms of severe urinary tract infection (UTI). The Escherichia coli
s tra in i solated from urine produced extended-spectrum β-lactamase. In which anatomic area  of the cel l  would this  enzyme be located?



Structure of gram-negative bacterium.

a. A
b. B
c. C
d. D
e. E

Questions 5 and 6

A 52-year-old male develops  abscesses  fol lowing surgery to repair an abdominal  gunshot wound. Gram sta in of the foul -smel l ing exudate from
his  abscess  reveals  numerous  polymorphonuclear leukocytes  (PMNs or neutrophi l s ) and severa l  gram-negative rods  that did not grow on blood
plates  in the presence of O2. Metabol i sm of O2 resul ts  in toxic reactive oxygen species .

5. Which of the fol lowing enzymes  inactivates  superoxide free radica ls  

a . ATPase
b. Cata lase
c. Permease
d. Peroxidase
e. Superoxide dismutase

6. Which of the fol lowing antibiotics  would be the best choice for treating this  patient’s  infection?

a. Ampici l l in
b. Chloramphenicol
c. Ciprofloxacin
d. Gentamicin
e. Metronidazole

7. A teenaged boy suffered a  foot laceration whi le swimming in a  pol luted water area  in a  river. He did not seek medica l  treatment, and the
wound developed a  foul -smel l ing exudate. One of the bacteria  i solated from the abscess  exudate was  miss ing superoxide dismutase, cata lase,
and a  peroxidase. Which of the fol lowing s tatements  best describes  this  microorganism?

a. It i s  a  capnophi le
b. It i s  a  facul tative anaerobe
c. It i s  a  microaerophi le



d. It i s  an anaerobe
e. It i s  an obl igate aerobe

Questions 8 and 9

A 20-year-old pregnant female patient presents  to the emergency room with a  4-day his tory of fever, chi l l s , and myalgia . Two days  prior to this , she
had noted pa inful  geni ta l  les ions  that had begun as  ves icles . Pelvic examination revealed extens ive ves icular and ulcerative les ions  on the left
labia  minora  and majora  with marked edema, and inguina l  lymphadenopathy.

8. Which of the microorganisms  caus ing geni ta l  ulcers  can be demonstrated by dark field microscopy?

a. Chlamydia trachomatis LGV serovars
b. Haemophilus ducreyi
c. Herpes  s implex vi rus  type 2
d. Klebsiella granulomatis
e. Treponema pallidum

9. Which of the fol lowing tests  would prove that the patient i s  infectious  for herpes  s implex vi rus  (HSV) type 2?

a. Cul ture
b. Detection of HSV2-speci fic IgM
c. Di rect immunofluorescent assay
d. Nucleic acid ampl i fi cation testing
e. Tzanck smear

10. Gram-negative diplococci  were demonstrated in a  Gram sta in of urethra l  dra inage from an 18-year-old male who presented with symptoms of
urethri ti s . Continuous  passage of this  s tra in on laboratory medium resul ted in the revers ion of a  fimbriated to a  nonfimbriated s tra in. Which of
the fol lowing i s  the most l ikely impl ication of this  phenomenon?

Gram-sta ined photomicrograph showing intracel lular gram-negative diplococci  and numerous  PMNs. (Courtesy of Bill Schwartz; Public Health Image
Library, Centers for Disease Control and Prevention, 1971.)

a. A negative capsule s tra in
b. Death of the organism
c. Inabi l i ty to colonize the mucosa l  epi thel ium
d. Loss  of serologic speci fici ty
e. Revers ion to a  gram-pos i tive s ta in

11. Twenty-eight hours  after eating undercooked chicken, a  50-year-old farmer presents  to the emergency room with abdominal  pa in, cramping,
bloody diarrhea, and nausea. An i solate from the s tool  i s  biochemica l ly identi fied as  Salmonella enterica; however, the i solate cannot be
serotyped. Which of the fol lowing has  this  organism lost?

a. Capsule
b. Flagel la
c. Mannose receptor



d. Pi l i
e. O-speci fic polysaccharide

12. A 2-year-old infant i s  diagnosed with meningi ti s . A lumbar puncture reveals  numerous  neutrophi l s  and gram-pos i tive cocci  in pa i rs  that appear
encapsulated. She i s  admitted to the hospi ta l  and s tarted on intravenous  (IV) β-lactams. Which of the fol lowing targets  would most l ikely play a
role in the development of res is tance to this  antibiotic in the most l ikely etiologic agent of this  chi ld’s  meningi ti s?

a . Bactoprenol
b. DNA gyrase
c. Penici l l in-binding protein
d. Reverse transcriptase
e. RNA polymerase

13. A cattle farmer develops  necrotic les ions  on his  arms  and face fol lowing a  traumatic encounter with a  bul l . Selective inhibi tion of synthes is  of
dipicol inic acid by the etiologic agent of the infection would most l ikely inhibi t the formation of the infective s tructure. Which of the fol lowing
would be inhibi ted?

(Courtesy of Public Health Image Library, Centers for Disease Control and Prevention.)

a. Bacteria l  spore formation
b. Bacteria l  vegetative cel l s
c. Fungal  arthrospores
d. Fungal  microconidia
e. Mycobacteria l  vegetative cel l s

Questions 14 and 15



A 30-year-old male presents  to the emergency room with high fever and mala ise, which he reports  that i t began 4 days  ago and got progress ively
worse each day. He appears  underweight and very i l l . Phys ica l  examination reveals  needle marks  in both antecubita l  fossae. Upon l i s tening for
heart sounds , you hear a  dis tinctive systol ic heart murmur. You order blood cul tures  and make a  presumptive diagnos is  of acute bacteria l
endocardi ti s . Fol lowing i s  the growth curve of the organism growing in a  nutrient medium at 35°C with both O2 and added CO2 present.

14. In which of the fol lowing growth phases  would the organism most l ikely be res is tant to β-lactam antibiotics?

a. Lag phase
b. Log phase
c. Stationary phase
d. Death phase

15. On which of the fol lowing growth phases  would treatment with gentamicin have a  maximal  effect?

a. Lag phase
b. Log phase
c. Stationary phase
d. Death phase

16. An outbreak of diarrhea i s  thought to be related to a  group of vendors  who were sel l ing hot dogs  at the county fa i r. Stool  cul tures  are pos i tive
for Shigella in a lmost a l l  individuals  who ate the hot dogs . Growth of the i solated colonies  in nutrient l iquid medium without the transfer to fresh
medium wi l l  eventual ly induce the death phase of the organism. Which of the fol lowing i s  a  l imiting factor in microbia l  growth under laboratory
conditions?

a. Accumulation of oxygen-free radica ls
b. Accumulation of peroxide
c. Accumulation of toxic products  in the growth medium
d. Loss  of superoxide dismutase
e. Oxygen

17. A 62-year-old woman with diagnosed type 2 diabetes  l ived a lone and did essentia l ly nothing to manage her i l lness , including dis regarding her
phys ician’s  instructions . She was  taken to her loca l  emergency room (ER) with severe, multiple infected foot les ions , which yielded a  variety of
opportunis tic microbes  with a  mixture of antibiotic susceptibi l i ties . The phys ician decided to treat with systemic and topica l  antimicrobia ls .
Which of the fol lowing antimicrobia l  agents  must only be used topica l ly?

a. Baci tracin
b. Gentamicin
c. Itraconazole
d. Penici l l in
e. Vancomycin

18. A 42-year-old a lcohol ic man presents  with fever, chi l l s , cough, and chest x-ray suggestive of pneumonia . The Gram-sta ined smear of sputum
shows many PMNs and gram-pos i tive cocci  in pa i rs  and chains . Which of the fol lowing i s  the correct order of the procedura l  s teps  when performing



the Gram sta in?

a. Fixation, crysta l  violet, a lcohol/acetone decolorization, safranin
b. Fixation, crysta l  violet, iodine treatment, a lcohol/acetone decolorization, safranin
c. Fixation, crysta l  violet, iodine treatment, safranin
d. Fixation, crysta l  violet, safranin
e. Fixation, safranin, iodine treatment, a lcohol/acetone decolorization, crysta l  violet

19. A 78-year-old man presents  to the loca l  emergency department with a  severe headache and s ti ff neck. The cerebrospina l  fluid (CSF) specimen
is  cloudy. Analys is  reveals  400 white blood cel l s  per cubic mi l l imeter (95% PMNs), a  protein concentration of 75 mg/dL, and a  glucose concentration
of 20 mg/dL. Whi le in the ER, a  res ident does  a  Gram sta in of the CSF but mistakenly forgets  the iodine treatment s tep. If the meningi ti s  i s  caused
by Streptococcus pneumoniae, how wi l l  the bacteria  seen on the res ident’s  s l ide appear?

a. Al l  the cel l s  wi l l  be blue
b. Al l  the cel l s  wi l l  be decolorized
c. Al l  the cel l s  wi l l  be purple
d. Al l  the cel l s  wi l l  be red
e. Al l  the cel l s  wi l l  l yse; thus , no Gram sta in resul ts  wi l l  be obta ined
f. Ha l f of the cel l s  wi l l  be red and the other ha l f wi l l  be blue

20. A 28-year-old female just returned from a  1-week cruise with s tops  a long the coast of Mexico. Forty-eight hours  after her return she i s  reported
to have headache, fever, abdominal  cramps, and constipation. Over the next 5 days , her fever increases  with continued compla ints  of myalgias ,
mala ise, and anorexia . A blood cul ture i s  pos i tive for S. enterica ser. Typhi . Her condition improves  with a  treatment course of a  ciprofloxacin.
Which of the fol lowing i s  the function of porins  that would prevent the effective use of this  antimicrobia l?

a . Hydrolys is  of hydrophi l i c antimicrobia ls
b. Metabol i sm of phosphorylated intermediates
c. Serologic s tabi l i zation of the O antigen
d. Inactivation of hydrophobic antimicrobia ls
e. Transfer of molecules  through the outer membrane

21. A 21-year-old man was  bi tten by a  tick whi le hiking in Michigan. Four months  later, he presented to his  doctor compla ining of swel l ing and
pain in his  left knee. A screening test for Lyme disease was  equivoca l . An IgG western blot was  performed us ing the patient’s  serum against
proteins  of Borrelia burgdorferi and Borrelia turicatae i s  shown below. Which of the fol lowing i s  an accurate interpretation of the test?

Western blot for Borrelia burgdorferi-speci fic IgG antibodies . Five of 10 speci fic bands  for B. burgdorferi must be present for test to be cons idered



pos i tive. (18, 21 [OspC], 28, 30, 39 [BmpA], 41 [Fla], 45, 58 [not GroEL], 66, and 93 kDa.)

a . The patient has  early Lyme disease
b. The patient has  early disseminated Lyme disease
c. The patient late disseminated Lyme disease
d. The pattern most l ikely represents  nonspeci fic reactivi ty
e. The screening test should be repeated

Questions 22 and 23

Over 30 individuals , attendees  of a  home improvement conference and their fami ly members , are hospi ta l i zed with bloody diarrhea. Severa l
chi ldren of the attendees  develop fever, abdominal  pa in, and severe hematologica l  abnormal i ties . An investigation establ i shes  that a l l  of these
individuals  developed symptoms fol lowing consumption of hamburgers  from the same fast-food restaurant cha in. Al though other individuals  ate
the same hamburgers , they did not report any symptoms.

22. Which of the fol lowing tests  i s  the best to detect the most l ikely etio-logic agent of this  outbreak?

a. Gram sta in of s tool  specimens
b. Immunoassay for Shiga  toxin-producing Escherichia coli
c. Polymerase chain reaction (PCR) for Campylobacter
d. Serologic testing for Salmonella enterica antibodies
e. Stool  cul ture

23. The cl inica l  laboratory i s  trying to develop a  molecular assay to detect the suspected agent. Nucleotide primers  are ava i lable for the vi rulence
gene. Which of the fol lowing molecular methods  i s  best and the most rapid for detecting this  gene in the s tool  sample?

a. DNA sequencing
b. Dot blot hybridization
c. PCR
d. Real -time PCR
e. Southern blot hybridization

24. An outbreak of a  diarrhea i s  suspected to be related to hamburgers  that were served at a  fast food restaurant. Stool  cul tures  from the patrons
and the food handlers  were pos i tive for Salmonella. To assess  i f the outbreak was  caused by a  speci fic Salmonella s tra in, investigators  obta ined
chromosomal  DNA from the i solated s tra ins , puri fied the DNA samples , and digested the samples  with XbaI , a  restriction enzyme that produces
large DNA fragments . The resul ts  are shown in the below figure. What molecular technique was  used to produce these resul ts?

(Modified from Egorova S, Timinouni M, Demartin M, et al. Ceftriaxone-resistant Sa lmonel la  enterica  serotype Newport, France. Emerg Infect Dis 2008.
http://wwwnc.cdc.gov/eid/article/14/6/07-1168.htm; accessed 01-09-2013.)

a . Cloning

http://wwwnc.cdc.gov/eid/article/14/6/07-1168.htm


b. PCR
c. Pulsed-field gel  electrophores is
d. Sodium dodecyl  sul fate polyacrylamide gel  electrophores is
e. Southern blot hybridization

25. Some of the E. coli bacteria  that were origina l ly i solated from a  contaminated sa lad were tetracycl ine res is tant whi le the others  were
susceptible. However, when tetracycl ine-res is tant and -susceptible s tra ins  were grown together, a l l  of them became tetracycl ine res is tant. This
efficient transfer of res is tance depends  on which of the fol lowing?

a. Cel l  l ys i s  and the release of DNA from donor bacteria
b. Competent cel l s
c. Conjugative plasmids
d. Recombinase enzymes
e. Transposons

26. A high school -aged young woman presented to her fami ly phys ician with what appeared to be an acute uncompl icated UTI. She was  treated
with a  β-lactam antimicrobia l , but her symptoms pers is ted. E. coli was  i solated from the infection, but many of the organisms  appeared Gram-sta in
variable and rounded. The rounded forms  were identi fied as  spheroplasts . Which of the fol lowing s tatements  about the E. coli cel l s  shown in the
microphotograph below is  most characteris tic of the organism observed in this  infection?

a. They are commonly referred to as  endospores
b. They are osmotica l ly s table
c. They resul ted from treatment with the β-lactam
d. They have formed cel l  wal l s

27. A 3-year-old gi rl  from a  fami ly that does  not bel ieve in immunization presents  to the emergency room with a  sore throat, fever, mala ise, and
di fficul ty breathing. A gray membrane covering the pharynx i s  observed on phys ica l  examination. Corynebacterium diphtheriae i s  confi rmed as  the
etiologic agent of this  infection. Which of the fol lowing i s  required to prove that C. diphtheriae i s  the etiologic agent of this  chi ld’s  infection?

a. Demonstration of cysteinase production
b. Isolation of C. diphtheriae from throat cul ture
c. Metachromatic granules  seen on methylene blue s ta in
d. Pleomorphic gram-pos i tive baci l l i  seen on Gram sta in
e. Toxigenici ty demonstrated by the Elek test

28. A 3-year-old gi rl  from a  day care center i s  brought to the loca l  publ ic hea l th cl inic because of a  severe, intractable cough. During the previous  10
days , she had a  pers is tent cold that had worsened. The cough developed the previous  day and was  so severe that vomiting frequently fol lowed i t.
The chi ld appears  exhausted from the coughing episodes . A blood cel l  count shows  a  marked leukocytos is  with a  predominance of lymphocytes .
Which of the fol lowing i s  most appropriate for diagnos is  of this  chi ld’s  i l lness?

a. Cul ture a lone
b. Cul ture plus  PCR
c. Di rect fluorescence assay (DFA) a lone
d. DFA plus  cul ture
e. PCR a lone

29. A 55-year-old male presents  with severe bi latera l  pulmonary infi l trate, elevated temperature, leucocytos is , elevated enzymes , and elevated
creatine kinase. He and s ix of his  friends  had recently vi s i ted their favori te restaurant, which had a  large water founta in that was  misty on the day



of his  vi s i t. Which of the fol lowing would be expected on a  Gram sta in that was  countersta ined with safranin for 3 minutes  (prolonged
countersta in)?

a. Strongly s ta ining gram-pos i tive baci l l i
b. Weakly s ta ining gram-pos i tive baci l l i
c. Strongly s ta ining gram-negative baci l l i
d. Weakly s ta ining gram-negative baci l l i
e. Strongly s ta ining gram-negative cocci
f. Weakly s ta ining gram-negative cocci

Questions 30 to 33

The fol lowing five growth curves  are lettered (A to E) corresponding to an expected growth curve i f certa in antibiotics  were added to an
exponentia l ly growing cul ture of E. coli. The arrow indicates  when antibiotics  were added to the growing cul ture.

Growth curves  in the presence or absence of antibiotics .

30. Penici l l in treatment would be expected to produce which one of the fol lowing growth curves?

a. A
b. B
c. C
d. D
e. E

31. Chloramphenicol  would be expected to produce which one of the fol lowing growth curves?

a. A
b. B
c. C
d. D
e. E

32. Sul fonamide would be expected to produce which one of the fol lowing growth curves?

a. A
b. B
c. C
d. D
e. E



33. If no antibiotics  were added to the exponentia l ly growing cul ture, which one of the fol lowing growth curves  would resul t?

a . A
b. B
c. C
d. D
e. E

34. Severa l  s tra ins  of S. pneumoniae are i solated from various  patients . Some demonstrate high vi rulence whi le others  appear to be nonvirulent.
Mixing these cul tures  in the laboratory causes  the nonvirulent s tra ins  to become pathogenic in laboratory animal  experiments . Uptake by a
recipient cel l  of soluble DNA released from a  donor cel l  i s  defined as  which of the fol lowing?

a. Conjugation
b. Frameshi ft mutation
c. Homologous  recombination
d. Transduction
e. Transformation

35. A nonspore-forming, gram-pos i tive baci l lus  was  i solated from a  throat specimen from a  primary school -aged chi ld who had not been
vaccinated with the DTaP vaccine. The s tra in i solated carried a  bacteriophage on which the gene for toxin was  encoded. How did this  s tra in
become toxigenic?

a. Conjugation
b. Frameshi ft mutation
c. Homologous  recombination
d. Transduction
e. Transformation

36. An increase in antibiotic res is tance has  been observed in Staphylococcus aureus, Pseudomonas aeruginosa, and E. coli s tra ins  i solated from
patients  in medica l  centers . Di rect transfer of a  plasmid between two bacteria  i s  defined as  which of the fol lowing?

a. Conjugation
b. Frameshi ft mutation
c. Homologous  recombination
d. Transduction
e. Transformation

37. E. coli has  a  doubl ing time of 30 minutes  in human urine at room temperature. A patient had 1000 bacteria  per mL of urine when a  urine
specimen was  col lected. How many bacteria  would be present i f the specimen sat at room temperature for 4 hours  before being plated for cul ture
in the laboratory?

a. 4000
b. 16,000
c. 64,000
d. 256,000
e. 512,000

38. A 24-year-old female presented with pa in during urination. Gram sta in of the uncentri fuged urine revealed the presence of gram-negative rods .
What vi rulence factor i s  essentia l  for the surviva l  of these uropathogenic bacteria  in the urinary tract?

a. Pi l i
b. LPS (endotoxin)
c. Heat labi le toxin
d. Flagel la
e. Capsule

39. A 30-year-old hospi ta l i zed patient with an intravenous  (IV) catheter developed fever and systemic infection. The source of the infection was
bacteria  that contaminated the catheter during i ts  insertion. The IV catheter had to be removed because the bacteria  grew within the catheter
forming a  biofi lm. Biofi lm development depends  on the abi l i ty of the bacteria  to produce which of the fol lowing?

a. Endotoxin
b. Periplasm
c. Polysaccharides
d. Porins
e. Teichoic acid

40. A 55-year-old Bri ti sh teacher presents  with weight loss , weakness , muscle atrophy, and decl ining cognitive function. Her his tory reveals  that
her favori te meal  i s  soup made with cow bra in, which she has  eaten a lmost every week s ince she was  10 years  old. Which of the fol lowing best
describes  the most l ikely etiologic agent of her symptoms?

a. Abnormal ly folded protein
b. Caps id conta ining DNA
c. Enveloped caps id conta ining RNA
d. Multicel lular cyst-forming organism
e. Unicel lular organism with one chromosome

41. Over 200 i soniazid-res is tant s tra ins  of Mycobacterium tuberculosis i solated from di fferent patients  in the northwestern region of Russ ia  are
screened by a  PCR-restriction fragment length polymorphism assay. This  analys is  reveals  a  93.6% preva lence of a  speci fic G to C mutation in the



katG in s tra ins  from patients  with both newly and previous ly diagnosed cases  of tuberculos is . Which of the fol lowing best describes  the type of
mutation that resul ted in i soniazid res is tance in these s tra ins?

a. Deletion
b. Invers ion
c. Missense
d. Nonsense
e. Transvers ion replacement

42. Seven closely related i solates  of Candida albicans exhibi ted progress ive decreases  in susceptibi l i ty to posaconazole. Sequencing of the gene
involved in azole res is tance in these s tra ins  revealed predicted proteins  with s ingle amino acid changes . Which of the fol lowing best describes
the type of mutation that has  resul ted in decreased susceptibi l i ty to posaconazole in these s tra ins?

a. Deletion
b. Invers ion
c. Missense
d. Nonsense
e. Transvers ion replacement

43. A 25-year-old man presents  to the emergency room with severa l  red, swol len, tender bi te wounds  on both arms  that he s tated occurred
yesterday when he rescued his  dog from a  dogfight involving three other dogs , whose owner(s ) i s  unknown. His  right wris t and left elbow are a lso
swol len and there i s  axi l lary lymphadenopathy on the left s ide. Gram sta in of purulent materia l  from the worst wound shows  smal l  gram-negative
pleomorphic coccobaci l l i . The patient reports  his  las t tetanus  vaccination was  2 years  ago. In addition to antibiotics , which of the fol lowing
should be included in this  patient’s  treatment?

a. Hepati ti s  B vi rus  prophylaxis
b. IV immunoglobul ins  (nonspeci fic)
c. Rabies  prophylaxis
d. Tetanus  prophylaxis
e. Varicel la -zoster prophylaxis

44. A patient presents  to the emergency room with vomiting, diarrhea, high fever, and del i rium. Upon phys ica l  examination, you notice large
buboes , which are pa inful  on pa lpation, and purpura  and ecchymoses  suggestive of disseminated intravascular coagulation. Gram sta in on
aspirate of a  bubo reveals  gram-negative rods  with bipolar s ta ining. Which of the fol lowing antibiotics  i s  the drug of choice for empiric therapy?

a. Ceftazidime
b. Chloramphenicol
c. Penici l l in
d. Streptomycin
e. Vancomycin

45. A 3-year-old gi rl  who has  missed severa l  scheduled immunizations  presents  to the emergency room with a  high fever. She i s  i rri table and has  a
sti ff neck. Fluid from a  spina l  tap reveals  20,000 white blood cel l s  per mi l l i l i ter with 85% polymorphonuclear cel l s . Which of the fol lowing i s  the
drug of choice for empiric therapy aga inst organisms  of chi ldhood meningi ti s?

a . Ceftriaxone
b. Erythromycin
c. Gentamicin
d. Penici l l in
e. Vancomycin

46. During the course of his  hospi ta l  s tay, a  severely burned 60-year-old male develops  a  rapidly disseminating bacteria l  infection. Smal l  gram-
negative rods  that are oxidase pos i tive are cul tured from green pus  taken from the burn ti ssue. Which combination of antibiotics  i s  the best
choice for empiric therapy aga inst this  etiologic agent?

a. Ceftazidime plus  vancomycin
b. Erythromycin plus  imipenem
c. Penici l l in plus  gentamicin
d. Piperaci l l in/tazobactam plus  cephalothin
e. Ticarci l l in/clavulanate plus  tobramycin

47. Laboratory resul ts  of a  cl inica l  specimen from a  patient with hospi ta l -acquired pneumonia  reveal  the presence of methici l l in-res is tant
Staphylococcus aureus (MRSA). Which of the fol lowing drugs  i s  the best empiric treatment?

a. Ceftazidime
b. Dicloxaci l l in
c. Penici l l in
d. Tobramycin
e. Vancomycin

48. A young, essentia l ly hea l thy woman was  concerned about her loss  of job time due to recurrent UTIs . Her phys ician prescribed an antibiotic,
which would control  microbia l  nucleotide synthes is  by inhibi ting dihydrofol ic acid reductase in bacteria  up to 50,000 times  more than in
mammal ian cel l s . Which of the fol lowing agents  work by this  mechanism?

a. Ampici l l in
b. Amphotericin
c. Chloramphenicol



d. Levofloxacin
e. Trimethoprim

49. A 52-year-old woman presents  with fever of 103°F, headache, right flank pa in, nausea and vomiting, and urinary frequency with hematuria  and
dysuria . Renal  ul trasound demonstrates  a  right urinary s tone with right hydronephros is . Which of the fol lowing antibiotics  i s  the most appropriate
treatment option?

a. Ampici l l in
b. Amphotericin
c. Chloramphenicol
d. Penici l l in
e. Trimethoprim/sul famethoxazole

50. A 75-year-old African American male with neurogenic bladder presents  to the emergency room with hypertens ion, fever up to 104.6°F, and
nausea and vomiting. The urine from his  foley catheter gives  a  pos i tive cul ture for an antibiotic-res is tant s tra in of Enterococcus faecalis. He had
previous ly been given an antibiotic that binds  to D-a lanine-D-a lanine. To which of the fol lowing antibiotics  i s  this  i solate most l ikely res is tant?

a. Ampici l l in
b. Amphotericin
c. Chloramphenicol
d. Levofloxacin
e. Vancomycin

51. A patient with leukemia  has  a  chest CT finding that suggests  aspergi l los is . Which of the fol lowing antimicrobia ls  a ffects  ergosterol  synthes is
and would most l ikely be used in this  patient’s  treatment?

a. Amphotericin B
b. Caspofungin
c. Griseofulvin
d. Micafungin
e. Voriconazole

52. A 6-year-old gi rl  i s  diagnosed with meningi ti s . A lumbar puncture reveals  numerous  neutrophi l s  and gram-negative diplococci . She i s  admitted
to the hospi ta l  for antibiotic treatment, which i s  compl icated by the fact that she i s  known to be a l lergic to β-lactams. What i s  the mechanism of
action of the a l ternative drug of choice to treat this  infant’s  meningi ti s?

a . Blocks  tRNA binding to the A s i te
b. Causes  misreading of mRNA
c. Inhibi ts  formation of the peptide bond
d. Prevents  trans location
e. Resul ts  in premature termination

53. A cl inica l  laboratory performs  rea l -time PCR for detection of MRSA in the area  where specimens  are plated. The supervisor discovers  that the
last 50 specimens  tested were pos i tive. However, companion cul tures  were pos i tive for only 15 of the specimens . What i s  the most l ikely reason
for this  discrepancy?

a. Real -time PCR i s  more sens i tive than cul ture
b. Real -time PCR i s  more speci fic than cul ture
c. The PCR instrument needs  to be ca l ibrated
d. The PCR workstation has  been contaminated with MRSA DNA

54. Guests  at a  party consumed beef broth that was  boi led earl ier in the day but left at room temperature for severa l  hours . The individuals
presented with symptoms of food poisoning, including watery diarrhea and abdominal  cramps, 8 to 10 hours  later. The symptoms las ted 24 hours .
The agent that caused the symptoms i s  most l ikely which of the fol lowing?

a. Spore-forming gram-pos i tive baci l l i
b. Gram-pos i tive cocci
c. Gram-negative baci l l i
d. An opportunis tic fungus
e. An enteric vi rus

55. A 25-year-old male presented with severe urethri ti s . Over the past 2 days , he had developed fever and chi l l s . Gram sta in of the urethra l
discharge revealed the presence of gram-negative diplococci . The fever and chi l l s  are most l ikely due to the release of excess ive amounts  of
which bacteria l  component?

a. Capsule
b. Exotoxin
c. Lipool igosaccharide (LOS)
d. Opaci ty protein
e. Pi l i

56. A 2-year-old had been treated three times  with ampici l l in for acute oti ti s  media . Fluid aspi rated from his  middle ear during placement of
tympanostomy tubes  grows  Moraxella catarrhalis, which i s  res is tant to ampici l l in. Which enzyme is  respons ible for this  res is tance?

a. Acetyl transferase
b. β-Lactamase
c. Cata lase
d. DNase



e. Phosphotransferase

57. A patient admitted to surgica l  intens ive care for dehiscence of her surgica l  incis ion was  screened for MRSA by PCR for the mecA gene. Nasa l ,
recta l , and wound swabs  were submitted for testing. The nasa l  and wound samples  were pos i tive for MRSA by PCR; however, the wound cul ture
grew Staphylococcus epidermidis but no MRSA. What i s  the most l ikely reason for the discrepancy in the resul ts  of testing on the wound samples?

a. The cul ture was  performed improperly
b. The PCR was  contaminated
c. The S. epidermidis i solate carries  the mecA gene
d. The wrong primers  were used in the PCR

58. Neisseria meningitidis, group B, i s  identi fied as  the cause of a  loca l  meningi ti s  outbreak in a  mi l i tary tra ining camp. Which of the fol lowing
protects  this  organism from complement-mediated phagocytos is  by neutrophi l s?

a . Opaci ty proteins
b. Polysaccharide capsule
c. Pi l i
d. Lipool igosaccharide
e. Cata lase

59. A chi ld attending classes  in a  preschool  i s  noted by his  teacher to have severa l  skin les ions  on his  arms. The les ions  are pustular in
appearance and some have broken down and are covered with a  yel low crust. Which of the fol lowing protects  the most l ikely etiologic agent of
this  chi ld’s  infection from phagocytos is  and provides  serologic speci fici ty?

a. Erythrogenic toxin
b. Hyaluronic acid
c. Lipoteichoic acid
d. M protein
e. Streptolys in O

60. A pharmacologic compound intended for injection was  contaminated with gram-negative baci l l i  during production. The product was  fi l tered
before packaging. Qual i ty control  cul tures  were s teri le so the product was  shipped for use. However, numerous  persons  who received the product
developed fever and severa l  developed hypotens ion. Which of the fol lowing was  most l ikely respons ible for the reaction observed in these
patients?

a. Bacteria l  polysaccharides
b. Hyaluronic acid
c. Lipopolysaccharide
d. Protein toxin
e. Teichoic acid

61. A 64-year old female with a  his tory of COPD vis i ted her phys ician because of recent poor heal th symptoms, including cough, fever and night
sweats , weakness , and 20-pound weight loss . Chest x-ray demonstrated a  nodular infi l trate in the upper lobe. Laboratory s ta ining of sputum
revealed acid-fast organisms. Which characteris tic of the most l ikely organism is  respons ible for this  s ta ining resul t?

a . Ergosterol
b. Glycol ipids
c. Hya luronic acid
d. Peptidoglycan
e. Teichoic acid

62. In 2001, a  number of governmenta l  offices  received mai led envelopes  that conta ined an unknown white powder. Severa l  employees  were
contaminated and developed cutaneous  and/or inhalational  anthrax. Which of the fol lowing i s  respons ible for the antiphagocytic properties  of
this  organism?

a. D-glutamic acid capsule
b. Hyaluronic acid
c. Letha l  factor
d. M protein
e. Protective antigen

63. Twelve elderly res idents  l iving in an ass is ted care faci l i ty suffered from s inus i ti s , oti ti s  media , and mi ld pneumonias  during midwinter.
Despi te the fact that they had a l l  received the 13-va lent pneumococca l  conjugate vaccine recently l i censed for adul ts , S. pneumoniae was  i solated
from 10 of the patients . Which of the fol lowing i s  the best explanation for the pneumococca l  infections?

a. Elderly patients  do not mount good immune responses  to vaccines
b. Some patients  wi l l  not respond to the vaccine
c. The capsular type respons ible was  not present in the vaccine
d. The vaccine was  defective



Answers

1. The answer is d. (Katzung, Ch 43. Murray, Ch 17. Ryan, Ch 23.) The s tructura l  integri ty of the β-lactam ring in penici l l ins  i s  essentia l  for thei r
antimicrobia l  activi ty. Many res is tant s tra ins  of s taphylococci  produce a  β-lactamase (penici l l inase) that cleaves  the β-lactam ring of penici l l in at
the carbon-ni trogen bond (4 in diagram). Other organisms, including col i form bacteria  and Pseudomonas, produce cephalosporinases , meta l lo-β-
lactamases , and carbapenamases  that cleave the β-lactam rings  of cephalosporins  and/or carbapenems, as  wel l  as  penici l l ins , at the same s i te.
Penici l l in amidase inactivates  penici l l in by dis rupting the bond between the radica l  and ni trogen in the free amino group (1 in diagram). Bonds  2,
3, and 5 are not commonly broken by bacteria l  enzymes.

2. The answer is d. (Katzung, Ch 45. Murray, Ch 13. Ryan, Ch 21, 23.) Aminoglycos ides  pass ively di ffuse across  the outer membrane of gram-negative
bacteria  through porins . The passage of aminoglycos ides  into the cytoplasm is  an active process  dependent on oxidative phosphorylation (d).
Faci l i tated di ffus ion (a) involves  speci fic protein carriers . Group trans location (c) occurs  in the absence of oxygen. Fermentation (b) i s  a
mechanism for production of energy. Transpeptidation (e) i s  a  reaction involving the transfer of one or more amino acids  from one peptide cha in
to another, or in the addition of amino acids  to the growing peptide chain during trans lation.

3. The answer is b. (Murray, Ch 12, 26. Ryan, Ch 21, 30.) Unl ike E. coli, Salmonella, Pseudomonas, and other gram-negative baci l l i , Neisseria gonorrhoeae
does  not produce s iderophores  (e). Instead the pathogenic Neisseria obta in i ron through surface receptors  that interact with lactoferrin (b) and
transferrin, host molecules  that sequester i ron. Ferric oxide (a) i s  produced by some environmenta l  bacteria . LPS (c) does  not play a  role in the i ron
uptake or metabol i sm of the bacteria . Pyocyanin (d) i s  a  blue redox pigment produced by P. aeruginosa that can generate reactive oxygen
intermediates  and affect the electron transport cha in and ves icular transport of eukaryotic cel l s .

4. The answer is c. (Murray, Ch 12. Ryan, Ch 21.) The periplasm is  the space between the outer membrane and the cytoplasmic membrane of gram-
negative bacteria . The periplasmic space (c) in E. coli has  been shown to conta in enzymes  involved in transport, degradation, and synthes is ,
including β-lactamase. The other s tructures  are labeled in the diagram above (capsule—A; outer membrane—B; cytoplasmic membrane—D;
cytoplasm). The chromosome and other s tructures  found within or on the cel l  surface, such as  the flagel lum and pi lus  present in the diagram,
were not indicated among the choices .

5. The answer is e. (Murray, Ch 13. Ryan, Ch 21.) Toxic oxygen radica ls , superoxide and hydrogen peroxide, are generated during aerobic metabol i sm.



Superoxide dismutase (e) cata lyzes  the reaction that detoxi fies  superoxide . Both cata lase (b) and
peroxidase (d) detoxi fy hydrogen peroxide, but peroxidases  a lso act on l ipid peroxides . The reaction cata lyzed by cata lase i s  

. ATPase (a) converts  ATP into ADP plus  a  free phosphate ion. Permeases  (d) are membrane transport proteins
that faci l i tate the passage of speci fic molecules  across  into or out of the cel l .

6. The answer is e. (Katzung, Ch 44-46. Murray, Ch 13, 38. Ryan, Ch 21, 29.) The etiologic agent of this  man’s  infection i s  an anaerobe, most l ikely
Bacteroides fragilis. Ampici l l in (a ) i s  unl ikely to be success ful  as  most i solates  of B. fragilis produce β-lactamase. Chloramphenicol  (b) i s  rarely used
in the United States  because of i ts  toxici ty, a l though i t i s  used for treatment of serious  ricketts ia l  infection such as  Rocky Mounta in spotted fever
and as  an a l ternative for treatment of bacteria l  meningi ti s  in patients  who have hypersens i tivi ty to penici l l ins  and cephalosporins . Ciprofloxacin
(c), a  fluoroquinolone antibiotic, has  no spectrum of activi ty aga inst anaerobes . Oxygen i s  necessary for transport of aminoglycos ides  l ike
gentamicin (d) into the bacteria l  cel l ; thus , they have no spectrum of activi ty aga inst anaerobes . Of the drugs  l i s ted, metronidazole (e) i s  the best
choice for infections  with anaerobic gram-negative baci l l i . Additional  antibiotics  with activi ty aga inst anaerobic gram-negative baci l l i  are
carbapenems and β-lactam/β-lactamase inhibi tor combinations . Bacteroides has  become increas ingly res is tant to cl indamycin, which used to be a
good a l ternative, with up to 25% of i solates  now res is tant.

7. The answer is d. (Murray, Ch 13. Ryan, Ch 21.) Superoxide dismutase i s  an enzyme found in both prokaryotic and eukaryotic cel l s  that can survive in
an envi ronment of O2. Lack of this  enzyme, as  wel l  as  peroxidase and cata lase, ensures  that a  bacterium wi l l  not grow in the presence of O2,
making i t an anaerobe (d). Capnophi les  (a ) prefer an atmosphere with increased CO2 and ambient O2; Haemophilus ducreyi i s  capnophi l i c.
Microaerophi les  (c) such as  Campylobacter jejuni prefer increased CO2 and reduced O2. Facul tative anaerobes  (b) can grow in the presence or
absence of O2. Obl igate aerobes  (e), such as  Mycobacterium tuberculosis, require O2 for growth unless  they can uti l i ze an a l ternative terminal
electron acceptor.

8. The answer is e. (Murray, Ch 15. Ryan, Ch 64. Workowski & Berman, sections on diagnosis.) The microbes  that cause geni ta l  ulcers  are Chlamydia
trachomatis LGV serovars  1 to 3, Haemophilus ducreyi, herpes  s implex vi rus  types  1 and 2, Klebsiella granulomatis, and Treponema pallidum. The various
methods  for diagnos is  are outl ined in the below table. Treponema pallidum (e) can be demonstrated by darkfield microscopy in primary and
secondary syphi l i ti c les ions .



9. The answer is a. (Murray, Ch 15. Ryan, Ch 64. Workowski & Berman, sections on diagnosis.) See the table above. Cul ture (a) i s  the best method to prove
infectivity. However, vi ra l  cul ture decreases  in sens i tivi ty as  the les ions  begin to heal , so nucleic acid ampl i fi cation testing or PCR (d) i s
increas ingly used. PCR detects  vi ra l  DNA, which may be present in non-infective particles . Because herpes  s implex i s  shed intermittently upon
reactivation, negative cul ture or PCR does  not rule out latent infection. Vi ra l  antigens , detected by di rect immunofluorescent assay (c) (or enzyme
immunoassay), may be present after infectious  particles  have been neutra l i zed or dis rupted by antivi ra ls . Cytologic detection by Tzanck smear (e)
of geni ta l  les ions  or cervica l  Pap smear i s  insens i tive and nonspeci fic and should not be rel ied upon. Serologic detection (b) us ing tests  that are
type-speci fic may be used in cases  or recurrent geni ta l  symptoms or atypica l  symptoms with negative cul ture; cl inica l  diagnos is  of geni ta l  herpes
without laboratory confi rmation, or a  partner with geni ta l  herpes . Screening of the genera l  population should not be done.

10. The answer is c. (Murray, Ch 12, 14, 26. Ryan, Ch 21, 22, 30.) The vignette and figure deta i l  a  typica l  case of Neisseria gonorrhoeae. Bacteria  may shi ft
rapidly between the fimbriated (fim +) and the nonfimbriated (fim–) s tates . Fimbriae function as  adhes ions  to speci fic surfaces  and,
consequently, play a  major role in pathogenes is . Lack of fimbriae prevents  colonization of the mucosa l  surface by the bacterium (c). Pi l i  (fimbriae)
are ha i rl ike appendages  that extend severa l  mi l l imeters  from the gonococca l  surface. Fim changes  would have no effect on capsule presence (a)
or loss  of serologic speci fici ty (d). Such changes  would not cause the death of the organism (b), and Neisseria organisms  never revert to a  gram-



pos i tive s ta ining resul t (e) due to the major di fferences  found in the s tructures  of gram-pos i tive and gram-negative cel l  wal l s .

11. The answer is e. (Levinson, Ch 2. Murray, Ch 12, 27. Ryan, Ch 21, 33.) LPS, a  component of the outer membrane of gram-negative microorganisms
cons is ts  of three regions : l ipid A, which forms  the outer leaflet of the l ipid bi layer outer membrane; the core polysaccharide; and the O-antigen
polysaccharide (e) s ide cha in that confers  serospeci fici ty or serotype for the Enterbacteriaceae. Stra ins  that have lost the O antigen cannot be
serotpyed. Flagel la  (b) confer the H antigens , which are a lso used in the typing of Salmonella s tra ins  after the O typing; s tra ins  that have lost
flagel la  cannot be H-typed. The capsule (a) confers  the K antigen; pi l i  (d) can be conjugative or be involved in moti l i ty or adhes ion (usual ly ca l led
fimbriae). Nei ther the K antigens  nor the pi lus - nor fimbria-related antigens  are uti l i zed in the serotyping of Salmonella for epidemiologic
purposes . The mannose receptor (c) i s  found on macrophages  and used by them to characterize pathogenic microbes  in the host innate response.

12. The answer is c. (Levinson, Ch 10, 11. Murray, Ch 17. Ryan, Ch 23.) Transpeptidases , or penici l l in-binding proteins  (PBPs) (c), are inactivated when
bound to penici l l in. Al tered PBPs  no longer bind the β-lactam antibiotic. The acquis i tion of a  new PBP or modi fication of the exis ting one i s  the
mechanism by which S. pneumoniae, the most l ikely etiologic of this  chi ld’s  meningi ti s , become res is tant to β-lactams. Al tered PBPs  are a lso seen
in N. gonorrhoeae, S. aureus, and other bacteria . Bactoprenol  (a ) i s  not known to be involved in antibiotic res is tance. Fluoroquinolones  target the
DNA gyrase (b), whi le ri famycins  target the bacteria l  RNA polymerase (e). Bacteria  do not uti l i ze reverse transcriptase (d).

13. The answer is a. (Murray, Ch 12, 21. Ryan, Ch 21, 26.) The vignette presents  a  case of cutaneous  anthrax. Anthrax i s  acquired by cutaneous
introduction, ingestion, or inhalation of endospores  from contaminated animals  such as  cattle, sheep, and goats . Inhibi tion of dipicol inic acid
synthes is  would prevent formation of bacteria l  spores  (a), but would not affect vegetative cel l s  (b, e). Mycobacteria  do not form spores . Dipicol inic
acid i s  not found in fungal  arthrospores  (c) or microconidia  (d).

14. The answer is a. (Levinson, Ch 3, 10. Murray, 13, 17. Ryan, 21, 23.) The bacteria l  growth cycle i s  characterized by four phases  as  shown in the figure
for this  question. In the lag phase (a), the bacteria  are not dividing but exhibi t dynamic metabol ic activi ty as  they adjust to the new environment.
Depending on the species  and the temperature, pH, and nutrients  ava i lable, the bacteria  begin dividing within a  few hours  and enter the log
phase (b) where they grow exponentia l ly for 12 to 18 hours . As  nutrients  become depleted and/or toxic waste products  accumulate in the cul ture,
growth s lows  so that the number of new cel l s  and cel l s  that die are ba lanced; this  i s  the s tationary phase (c). When nutrients  are exhausted or
the cul ture medium becomes  too toxic, the number of viable cel l s  decreases  dramatica l ly; this  i s  the death phase (d). Simi lar phases  occur when
the bacteria  are introduced into the host, a l though the timing may vary due to the speci fic host envi ronment and the host defenses  encountered.
Antibiotics  that affect the cel l  wal l , such as  β-lactams, are not effective in the lag phase (a).

15. The answer is b. (Levinson, Ch 3, 10. Murray, Ch 13, 17. Ryan, Ch 21, 23.) Aminoglycos ides  exert three effects  on protein synthes is : (1) block ini tiation
of trans lation, (2) cause incorporation of incorrect amino acids  into the growing peptide cha in, and (3) el i ci t premature termination of trans lation.
Protein synthes is  occurs  throughout the growth cycle, but optimum effectiveness  of aminoglycos ides  i s  seen in the log phase (b).

16. The answer is c. (Levinson, Ch 18. Murray, Ch 18. Ryan, Ch 33.) Di fferentiation of the gram-negative baci l l i  that cause gastroenteri ti s  begins  with
aerobic (Enterobacteriaceae and Vibrio) versus  microaerophi l i c (b) (Campylobacter) growth. Morphology on a  lactose-conta ining selective agar such



as  MacConkey agar separates  Salmonella and Shigella, which do not ferment lactose (a), whereas  E. coli and Vibrio do. Shigella can be di fferentiated
from Salmonella on agar conta ining i ron; Shigella do not produce H2S (c) whi le Salmonella do. Vibrio species  are oxidase pos i tive (d); the
Enterobacteriaceae are not. Urease production (e) dis tinguishes  Proteus spp. from Salmonella.

17. The answer is a. (Katzung, Ch 43, 45, 48.) Penici l l in (d) i s  wel l -tolerated as  i s  i traconazole (c). Vancomycin (e) i s  i rri tating and can resul t in
phlebi ti s  at the s i te of injection; nephrotoxici ty of aminoglycos ides  i s  exacerbated by concomitant use of vancomycin, but can be control led by
careful  dosage. Gentamicin (b) and other aminoglycos ides  are ototoxic and nephrotoxic, but these adverse effects  can usual ly be control led by
monitoring of serum concentration and careful  dosage. Baci tracin (a) i s  highly nephrotoxic, so much so that i t cannot be adminis tered
systemica l ly. Because baci tracin i s  poorly absorbed, i t can be used topica l ly, providing loca l  antibacteria l  activi ty but no systemic toxici ty.

18. The answer is b. (Levinson, Ch 2. Murray, Ch 4. Ryan, Ch 4.) Fi rs t described in 1884 by a  Danish phys ician, Hans  Chris tian Gram, the Gram sta in has
proved to be one of the most useful  diagnostic laboratory procedures  in microbiology and medicine. The Gram sta in procedure i s  characterized by
the fol lowing s teps : (1) fixation of the bacteria  to the s l ide, (2) crysta l  violet (acridine dye) treatment, (3) iodine treatment, (4) decolorization us ing
a lcohol/acetone wash, and (4) counterstaining us ing safranin. Gram-pos i tive bacteria  have thick outer wal l s  with no l ipids , whereas  gram-negative
bacteria  have a  thin wal l  and an outer membrane. The di fference between gram-pos i tive and gram-negative organisms  i s  in the cel l -wal l
permeabi l i ty to these complexes  on treatment with mixtures  of acetone and a lcohol  solvents . Thus , gram-pos i tive bacteria  reta in purple iodine-
dye complexes , whereas  gram-negative bacteria  do not reta in these complexes  when decolorized us ing an a lcohol/acetone wash.

19. The answer is d. (Levinson, Ch 2. Murray, Ch 4. Ryan, Ch 4.) If the iodine treatment s tep i s  omitted during the Gram sta in process , the purple iodine-
dye complexes  wi l l  not form. The crysta l  violet wi l l  wash away during the a lcohol/acetone decolorization washing s tep and a l l  cel l s  wi l l  appear
red (d). Gram sta ining of pus  or fluids  a long with cl inica l  findings  can guide the management of an infection before cul ture resul ts  are ava i lable
in the cl inica l  setting.

20. The answer is e. (Levinson, Ch 11. Ryan, Ch 21.) Porins  are protein trimers  that function in outer-membrane (OM) permeabi l i ty. Porins  permit the
transfer of molecules  across  the OM (e) including the passage of many antimicrobia l  drugs  such as  the fluoroquinolones . Porins  participate in
multidrug-res is tance efflux pumps  that export drugs  l ike ciprofloxacin from the cel l . Porins  play no role in the metabol i sm required for hydrolys is
of antimicrobia ls  (a ), metabol i sm of metabol ic intermediates  (b), serologic s tabi l i zation of the O antigen (c), or inactivation of hydrophobic
antimicrobia ls  (d).

21. The answer is d. (Levinson, Ch 24. Murray, Ch 39. Ryan, Ch 37.) The diagnos is  of Lyme disease i s  compl icated. Early Lyme disease (a) (3-30 days  post-
tick bi te) i s  usual ly diagnosed cl inica l ly. IgM speci fic for Borrelia burgdorferi appears  between 2 and 4 weeks  after the les ions , peaks  at 4 to 6
weeks , and disappears  (returns  to basel ine) by 4 to 6 months . Speci fic IgG usual ly appears  after 30 days  and las ts  as  long as  disease pers is ts .
Early disseminated Lyme (b) (days  to weeks  post-tick bi te) i s  diagnosed by cl inica l  suspicion, l ikel ihood of exposure, and serology. A pos i tive
screening EIA (enzyme immunoassay) or IFA (immunofluorescence assay) for speci fic IgM and/or IgG, depending on timing, fol lowed by a  pos i tive
western blot i s  diagnostic. Late disseminated Lyme disease (c) can a lso be diagnosed serologica l ly by detection of high levels  of speci fic IgG on
screening and pos i tive IgG western blot. Patients  with neuroborrel ios is  usual ly have speci fic IgG in the CSF. A pos i tive western blot for Lyme
disease requires  the presence of at least 5 of 10 speci fic bands  for B. burgdorferi: 18, 21 (OspC), 28, 30, 39 (BmpA), 41 (Fla), 45, 58 (not GroEL), 66, and
93 kDa. The pattern shown in the figure shows  only one antibody-pos i tive band, which i s  a l so present with the B. turicatae proteins . This  indicates
nonspeci fic reactivi ty (d). There i s  no need to repeat the screening test (e); other diagnoses  for the patient’s  arthri ti s  should be cons idered.
http://www.cdc.gov/lyme/diagnos is treatment/LabTest/TwoStep/WesternBlot/

22. The answer is b. (Levinson, Ch 9, 18. Murray, Ch 5, 27. Ryan, Ch 4, 33.) The vignette s trongly suggests  that the patients  were infected with a  Shiga
toxin-producing s tra in of E. coli (STEC). Whi le cul ture on selective and di fferentia l  agar can detect the presence of O157 STEC, as  wel l  as  Salmonella
and Shigella, s tools  should s imultaneous ly be assayed for non-O157 STEC with a  test that detects  the Shiga  toxin or the genes  encoding these
toxins  (recommendation for identi fi cation of STEC by cl inica l  laboratories ). Cul ture (e) wi l l  not detect non-O157 STEC s tra ins . Gram sta in (a) would
show the presence of feca l  leukocytes , but cannot be used to determine the presence or absence of a  particular species  of gram-negative baci l l i .
PCR for Campylobacter (c) and serologic testing for Salmonella enterica antibodies  (d) are not relevant to the case presentation. The immunoassay
(EIA) for Shiga  toxin-producing E. coli (b) i s  the test that wi l l  detect a l l  s tra ins . Because the amount of free feca l  Shiga  toxin in s tools  i s  often low,
EIA testing of enrichment broth cul tures  incubated overnight i s  recommended rather than di rect testing of s tool  specimens , a l though testing of
both specimens  can be done.

23. The answer is d. (Murray, Ch 5.) Us ing a  DNA sequence as  a  template, polymerase cha in reaction (PCR) (c) converts  few copies  of the DNA template
into a  mi l l ion copies . Among the di fferent appl ications  of PCR i s  the diagnos is  of infectious  diseases . Us ing a  heat s table DNA polymerase and
short DNA segments  that are complementary to the target DNA (primers ), the reaction ampl i fies  the target DNA through series  of melting,
anneal ing, and extens ion s teps  in which the complementary DNA strands  are synthes ized. The high sens i tivi ty of PCR permits  the detection of
extremely smal l  amount DNA within the sample. Bes ides  i ts  sens i tivi ty, the assay i s  rapid and may detect vi ra l  DNA before the onset of the
disease. The fina l  s tep, which includes  running the ampl i fied product on agarose gel  to visua l i ze i t, i s  time-consuming and not very practica l  for
cl inica l  settings . This  disadvantage was  el iminated by rea l -time PCR (d) in which the synthes ized DNA is  detected and quanti fied as  the PCR
reaction progresses  in rea l  time. The technique uses  a  reporter s igna l , a  fluorescence labeled probe. The intens i ty of the detected fluorescence
s ignal , which correlates  with the amount of the ampl i fied DNA target, a l lows  detection of the PCR product earl ier and el iminates  the need for
running the fina l  product on agarose gel . Compared with rea l -time PCR, Southern blot hybridization (e) and dot blot hybridization (b) are time-
consuming, require larger amount of DNA, and are not practica l  for cl inica l  settings . DNA sequencing (a) ana lys is  i s  an additional  s tep that may be
used to confi rm the identi ty of the DNA ampl i fied by PCR. It wi l l  not help in the ini tia l  diagnos is .

PCR assays  to detect the stx1 and stx2 genes  are used by many publ ic hea l th laboratories  for diagnos is  and confi rmation of STEC infection.
Depending on the primers  used, these assays  can dis tinguish between stx1 and stx2. Most of these PCR assays  are des igned and va l idated for
testing i solated colonies  taken from plated media; some assays  have been va l idated for testing on s tool  specimens  subcul tured to an enrichment
broth and incubated for 18 to 24 hours . Currently, Shiga  toxin PCR assays  on DNA extracted from whole s tool  specimens  are not recommended
because the sens i tivi ty i s  low. DNA-based Shiga  toxin gene detection i s  not approved by FDA for diagnos is  of human STEC infections  by cl inica l
laboratories .

24. The answer is c. (Murray, Ch 5.) Conventional  agarose gel  electrophores is , in which the current runs  in only one di rection, i s  capable of separating
and resolving DNA fragments  no larger than 30 kbp in s i ze. In contrast, pulsed-field gel  electrophores is  (PFGE) (c) extends  the s i ze range of the
resolved DNA molecules  up to 5 Mbp. In PFGE, chromosomal  DNA is  extracted without shearing. The DNA is  then digested with restriction enzymes
that cut only in few places , thereby generating large DNA fragments . The fragments  are separated on agarose gels  by electrophores is  in which the
direction of the vol tage i s  periodica l ly switched (pulsed). Each pulse continues  for severa l  hours  a l lowing the separation of the large DNA

http://www.cdc.gov/lyme/diagnosistreatment/LabTest/TwoStep/WesternBlot/


fragments . PFGE i s  frequently used in epidemiologica l  s tudies  of bacteria l  pathogens  to identi fy the speci fic s tra in (subtype) that caused the
outbreak of food poisoning. PCR (b) and Southern blot hybridization (e) are capable of identi fying a  s tra in, such as  Listeria or Salmonella, by
determining speci fic genes  within the s tra in but are not capable of identi fying the subtype. Sodium dodecyl  sul fate polyacrylamide gel
electrophores is  i s  (d) des igned to separate proteins  produced by the bacteria . The subtypes  are unl ikely to produce di fferent proteins . Cloning (a)
i s  inserting a  DNA fragment in a  cloning vector for further analys is  of the gene carried on that fragment. It wi l l  not define the bacteria l  subtypes .

25. The answer is c. (Murray, Ch 13. Hartwell, Ch 14.) Many antibiotic res is tance genes  in bacteria  are carried on conjugative plasmids  (c) a l so known
as  R factors . These plasmids  are transferred from one bacterium to another, of the same or related species , by conjugation. Conjugation i s  a
process  by which the donor bacterium (male cel l ) i s  brought in di rect contact with the recipient bacterium (female cel l ) through the conjugative
pi lus . In E. coli, the conjugative pi lus  i s  referred to as  a  sex pi lus  or F pi lus . The conjugative plasmid carries  genes  necessary for i ts  transfer
including the pi lus  genes . The plasmid i s  transferred into the recipient cel l  as  a  s trand of ssDNA, which reci rcularizes  within the recipient cel l .
The complementary DNA strand i s  then synthes ized in the recipient cel l . The ssDNA in the donor cel l  i s  a l so repl icated; thus , both the donor and
the recipient now carry a  copy of the plasmid. Due to the di rect contact between bacteria  through the pi lus , conjugation i s  an efficient process  of
DNA transfer. A transposon (e) i s  a  mobi le genetic element that i s  capable of moving from one repl icon (a  chromosome or a  plasmid) to another
but i s  incapable of ini tiating DNA transfer. Recombinase enzymes  (d) are required for the recombination process  that occurs  between homologous
regions  of DNA (as  in integration of a  DNA in a  repl icon). Competent cel l s  (b) are part of the bacteria l  population that i s  capable of taking up DNA
from a  solution (naked DNA). This  may occur natura l ly or arti fi cia l ly (in the laboratory). E. coli competent cel l s  are only generated in the laboratory
through treatment with certa in chemica ls . Cel l  l ys i s  and release of donor DNA (a) may be part of a  mechanism through which natura l ly competent
bacteria  such as  Neisseria take up naked DNA during infection.

26. The answer is c. (Brooks, pp 30, 161, 348. Levinson, pp 8-9, 89. Ryan, p 19.) The organisms  i l lus trated in the question are spheroplasts  of E. coli.
Lysozyme cleaves  the β-1-4-glycos idic bond between N-acetylmuramic acid and N-acetylglucosamine. Spheroplasts  are bacteria  with cel l  wal l s  that
have been partia l ly removed by the action of lysozyme or penici l l in. Ordinari ly, wi th dis integration of the wal l s , the cel l s  undergo lys is ; however,
in a  hypertonic medium, the cel l s  pers is t and assume a  spherica l  configuration. Endospores  are formed by gram-pos i tive bacteria  in the genera
Bacillus and Clostridium. It has  a lso been shown that for E. coli and other gram-negative rods , exposure to minimal  concentrations  of antibiotics
does  not rupture the cel l  wal l  but promotes  elongation of the cel l  by inhibi ting the divis ion cycle.

27. The answer is e. (Levinson, Ch 17. Murray, Ch 14, 23. Ryan, Ch 26.) The vignette describes  a  chi ld with diphtheria . The finding of pleomorphic gram-
pos i tive baci l l i  on Gram sta in (d) or demonstration of metachromatic granules  by methylene blue s ta in (c) are suggestive that C. diphtheriae might
be present. Cul ture for C. diphtheriae requires  a  specia l  medium conta ining tel luri te, such as  Tinsdale agar. C. diphtheriae can be di fferentiated from
other species  of Corynebacterium by production of cysteinase (a), which causes  the organism to produce colonies  surrounded by a  brown halo on
this  agar. However, i solation a lone (b) i s  insufficient to prove that the s tra in caused diphtheria . Only toxigenic s tra ins  of C. diphtheriae cause
diphtheria , so any i solate identi fied as  C. diphtheriae must be tested for toxin production (e) us ing the Elek test. The toxin genes  are carried on a
lysogenic bacteriophage, and not a l l  s tra ins  carry this  phage. PCR can a lso be performed for the diphtheria  toxin genes , but even this  i s  not
conclus ive as  these genes  may not be expressed.

28. The answer is b. (Levinson, Ch 19. Murray, Ch 32. Ryan, Ch 31.) The vignette describes  a  chi ld with pertuss is  caused by Bordetella pertussis. Cul ture of
B. pertussis requires  plating of a  nasopharyngeal  swab on specia l  medium conta ining charcoal  and blood with and without cephalexin for best
resul t. The specimen must be col lected before any antibiotics  are given and the closer to onset of symptoms the better the resul t. However,
cul ture a lone (a) i s  not sufficiently sens i tive. DFA i s  no longer recommended by the Centers  for Disease Prevention and Control  (CDC) due
problems with both fa lse pos i tive and fa lse negative tests , whether used a lone (c) or with cul ture (d). PCR (e), which appeared at fi rs t to be more
sens i tive than cul ture, has  been shown over the course of time to have about the same sens i tivi ty as  cul ture. Therefore, the best approach i s  to
col lect two swabs  and use one for cul ture and one for PCR (b). Be aware there i s  great incons is tency in textbooks  and reviews  regarding the best
methods  for diagnos is  of pertuss is . The CDC i s  the best guide in this  case.

29. The answer is d. (Levinson, Ch 19. Murray, Ch 34. Ryan, Ch 34.) The vignette describes  a  patient with legionel los is  (a lso ca l led Legionnaires
disease). Legionella spp. are gram-negative baci l l i  that s ta in poorly i f at a l l  by tradi tional  Gram sta in. However, the organisms  can be
demonstrated by prolonged countersta ining with safranin for at least 3 minutes . Even with prolonged countersta in, the organisms  s ti l l  appear as
weakly s ta ining (very pa le pink) gram-negative baci l l i  (d). The bacteria  may appear coccoid, but should not be mistaken for gram-negative cocci  (e,
f). Legionella should not appear gram-pos i tive (a , b) in a  correctly performed Gram sta in.

30. The answer is e. (Katzung, Ch 43, 44, 46. Murray, Ch 13, 17. Ryan, Ch 21, 23.) Penici l l in causes  lys i s  of growing bacteria l  cel l s . Because penici l l in i s
bactericida l , the number of viable cel l s  should fa l l  immediately after introduction of the drug into the medium of an exponentia l ly growing
susceptible bacteria l  cul ture. This  i s  represented by curve E (e).

31. The answer is d. (Katzung, Ch 43, 44, 46. Murray, Ch 13, 17. Ryan, Ch 21, 23.) Chloramphenicol  i s  bacteriostatic; i t causes  an immediate, revers ible
inhibi tion of protein synthes is . Thus , chloramphenicol  retards  cel l  growth without caus ing cel l  death, as  represented by curve D (d).

32. The answer is c. (Katzung, Ch 43, 44, 46. Murray, Ch 13, 17. Ryan, Ch 21, 23.) Sul fonamides  are a lso bacteriostatic. However, sul fonamides  act by
competing with para-aminobenzoic acid in the synthes is  of folate. Their effect i s  not apparent unti l  intracel lular s tores  of folate are depleted, so
the inhibi tion i s  not apparent as  quickly. This  i s  represented by curve C (c).

33. The answer is b. (Katzung, Ch 43, 44, 46. Murray, Ch 13, 17. Ryan, Ch 21, 23.) The number of viable cel l s  in a  cul ture eventual ly wi l l  level  off (reach
stationary phase) even i f no antibiotic i s  added to the envi ronment. A key factor in this  phenomenon i s  the l imited ava i labi l i ty of nutrients . This  i s
represented by curve B (b). Curve A (a) i s  not phys iologica l ly poss ible for bacteria , which double thei r number at a  constant (logari thmic) rate.

34. The answer is e. (Levinson, Ch 4. Murray, Ch 13. Ryan, Ch 21.) Transformation (e) i s  the term for uptake of exogenous  or foreign DNA, which may be
released from lysed cel l s  or provided arti fi cia l ly in the laboratory. Conjugation (a) involves  the di rect passage of DNA from one bacterium (donor)
to another (recipient) through a  conjugative pi lus  (sex pi lus ). Transduction (d) i s  the transfer of DNA mediated by bacteriophages . Homologous
recombination (c) may take place once DNA has  entered the cel l  by conjugation or transformation i f the closely related sequences  exis t on the
chromosome and the exogenous  DNA. A frameshi ft mutation (b) occurs  when a  smal l  deletion or insertion (not in multiples  of three) i s  made in a
gene.

35. The answer is d. (Levinson, Ch 4. Murray, Ch 13. Ryan, Ch 21.) Transduction (d) i s  the transfer of DNA mediated by bacteriophages . In genera l i zed
transduction, the phage vi rus  can carry any segment of the donor chromosome; in specia l i zed transduction, the phage carries  only speci fic genes ,
genera l ly those immediately adjacent to the s i te of prophage insertion.



36. The answer is a. (Levinson, Ch 4. Murray, Ch 13. Ryan, Ch 21.) Conjugation (a) involves  the di rect passage of DNA from one bacterium (donor) to
another (recipient) through a  conjugative pi lus  (sex pi lus ). Transduction (d) i s  the transfer of DNA mediated by bacteriophages .

37. The answer is d. (Levinson, Ch 3. Murray, Ch 13. Ryan, Ch 21.) Bacteria  reproduce by binary fi s s ion and thus  undergo exponentia l  (logari thmic)
growth. In this  question, a  doubl ing time for E. coli was  given at 30 minutes  in urine. Therefore, a fter 4 hours  there wi l l  be eight doubl ing times .
Since there were 1000 bacteria  per mL at the time of col lection, the number of E. coli present after 4 hours  can be ca lculated us ing the formula: N ×
2n, where N equals  the number at the s tart and n equals  the number of generations . 1000 × 28 = 256,000. In this  example, what began as  a
potentia l ly ins igni ficant number of bacteria  (depending on the cl inica l  s i tuation) has  multipl ied to a  s igni ficant number. If the laboratory or the
cl inician was  unaware of the delay, the patient might have been diagnosed with a  UTI when no infection was  present. The figure shows  the
doubl ing of one bacterium over four doubl ing times .

(Reproduced, with permission, from Brooks GF, et al. Jawetz’s  Medica l  Microbiology. 24th ed. New York, NY: McGraw-Hill; 2007:53.)

38. The answer is a. (Murray, Ch 1, 27.) Pi l i  (a ) or fimbriae are ha i rl ike s tructures  that are found on the surface of many bacteria . They are composed of
repeated subunits  of the pi l in protein. They promote bacteria l  adherence to each other and bacteria l  adherence to di fferent host ti s sues .
Uropathogenic E. coli colonize the urinary tract and res is t the washing action of urine through their pi l i . The tip of the pi lus  conta ins  a  speci fic
protein that recognizes  a  receptor on the host cel l . The other choices  are not involved in E. coli uropathogenes is . Capsules  (e) are loose
polysaccharide or protein layers  that surround the gram-negative or gram-pos i tive bacteria . Capsules  are antiphagocytic, protect the bacteria  from
hydrophobic molecules , and promote adhere of certa in bacteria  such as  Streptococcus mutans to host ti s sues . Flagel la  (d), which are anchored on
the bacteria l  surface, are essentia l  for bacteria l  moti l i ty. The heat-labi le (c) and heat-s tabi le toxins  are enterotoxins  secreted by the
enterotoxigenic E. coli. These toxins  produce watery diarrhea by s timulating hypersecretion of fluids . LPS (b) composes  the outer leaflet of the
outer membrane in gram-negative bacteria  and i s  an endotoxin, which s timulates  innate immune responses .

39. The answer is c. (Murray, Ch 12, 14.) Pathogenic bacteria  such as  the gram-negative baci l lus  Pseudomonas aeruginosa and the gram-pos i tive coccus
Staphylococcus aureus colonize the surface of certa in surgica l  appl iances  such as  arti fi cia l  heart va lves  and catheters . Multiple layers  of the
colonizing bacteria  surround themselves  with a  polysaccharide (c) matrix, which protects  them from the effect of antibiotics  and host immune
defenses . The remaining choices  do not contribute to biofi lm development. Porins  (d), proteins  that are located within the outer membrane of
gram-negative bacteria , faci l i tate the transfer of hydrophi l i c molecules  through the membrane. Teichoic acids  (e) found within the cel l  wal l  of
gram-pos i tive bacteria  are anionic polymers  of polyglycan that provide rigidi ty to the cel l  wal l . In gram-negative bacteria , the periplasmic space
occupies  the area  between the external  surface of the cytoplasmic membrane and the internal  surface of the outer membrane. The periplasm (b)
conta ins  hydrolytic enzymes , vi rulence proteins , and components  of the sugar transport systems. Endotoxin (LPS), a  component of the outer
membrane of gram-negative bacteria , i s  recognized by the host defenses  and s timulates  macrophages  to produce cytokines .

40. The answer is a. (Levinson, Ch 44. Murray, Ch 64. Ryan, Ch 20.) The vignette presents  a  case of infectious  prion disease or new-variant Creutzfeldt-
Jakob disease acquired by the ingestion of the bovine spongi -form encephalopathy (BSE) prion. Prions  are infectious  particles  that are currently
thought to be composed solely of protein (ie, they conta in no detectable nucleic acid). Normal  host prions  do not cause disease, but prions
synthes ized from mutated genes  (inheri ted CJD, sporadic CJD), BSE prions , and prions  found in other transmiss ible spongi form encephalopathies
are abnormal ly folded proteins  (a). These abnormal ly folded proteins  cata lyze the refolding of normal  prions  into the CJD form leading to disease.
Vi ruses  have nucleic acid, ei ther RNA or DNA, present in protein caps ids  (b); some vi ruses  are enveloped (b) in l ipid bi layer membranes  pi rated



from their host. Vi ruses , bacteria  (e), and paras i tes  (d) can a l l  cause CNS disease, but none are associated with the cl inica l  picture/his tory of the
vignette.

41. The answer is e. (Murray, Ch 13. Ryan, Ch 21. Mokrousov, pp 1417-1424.) Mutations  resul t from three types  of molecular changes , namely, base
substi tution mutation, frameshi ft mutation, and transposon or insertion sequences  caus ing mutations . Invers ion mutations  (b) are caused by
insertion sequences  (ISs ) or IS-l ike elements . Missense mutation (c) refers  to base substi tution resul ting in a  codon that causes  a  di fferent amino
acid to be inserted. Nonsense mutation (d) refers  to base substi tution generating a  termination codon that prematurely s tops  protein synthes is .
Replacement mutations  (e) are trans i tion or transvers ion depending on the substi tution. Trans i tion mutations  are the replacement of a
pyrimidine (C, T) by a  pyrimidine or a  purine (A, G) by a  purine. Transvers ions  (e) are the replacement of a  purine by a  pyrimidine or pyrimidine by a
purine.

42. The answer is b. (Murray, Ch 13. Ryan, Ch 21. Li, pp 74-80.) The mutation described here i s  a  missense mutation (c), or one in which base
substi tution resul ting in a  codon that causes  a  di fferent amino acid to be inserted. See the answer to 41 for other responses .

43. The answer is c. (Levinson, Ch 11. Murray, Ch 58. Ryan, Ch 17.) The patient has  bi te wounds  most l ikely infected with Pasteurella multocida. Since the
wounds  were caused by dogs  whose owners  were unknown, the patient should a lso begin rabies  prophylaxis  (c). There i s  no need for varicel la -
zoster prophylaxis  (e) s ince there i s  no his tory of shingles  at this  time. The patient i s  up to date on his  tetanus  immunization, so tetanus
prophylaxis  i s  not needed ei ther (d). IV immunoglobul ins  (nonspeci fic) (b) are used to treat patients  with IgG deficiency. Hepati ti s  B vi rus  (HBV)
prophylaxis  i s  not needed unless  the bi tes  were infl i cted by a  human whose HBV s tatus  was  unknown and could not be determined.

44. The answer is d. (Katzung, Ch 51. Levinson, Ch 10. Murray, Ch 17. Ryan, Ch 23.) The patient i s  infected with Yersinia pestis and has  bubonic plague. The
drug of choice for plague i s  s treptomycin (d). Gentamicin or another aminoglycos ide can be substi tuted. Ceftazidime, chloramphenicol , penici l l in,
and vancomycin are not used to treat plague.

45. The answer is a. (Katzung, Ch 51. Levinson, Ch 10. Murray, Ch 17. Ryan, Ch 23.) The chi ld in the question has  bacteria l  meningi ti s . The most l ikely
etiologic agents  are Haemophilus influenzae, N. meningitidis, and S. pneumoniae. Ceftriaxone (a) and cefotaxime have the highest activi ty aga inst these
agents . Ceftazidime, another thi rd-generation cephalosporin, has  l imited activi ty aga inst H. influenzae and i s  not recommended unless  the speci fic
identi fi cation and susceptibi l i ty of the microorganism is  known. Erythromycin, gentamicin, penici l l in, and vancomycin do not cross  the blood-bra in
barrier as  wel l  as  the thi rd-generation cephalosporins .

46. The answer is e. (Katzung, Ch 51. Levinson, Ch 10. Murray, Ch 17. Ryan, Ch 23.) The patient most l ikely has  an infection with P. aeruginosa. The best
combination for this  patient i s  ti carci l l in/clavulanate plus  tobramycin (e). P aeruginosa i s  frequently res is tant to multiple antibiotics , and s tra ins
acquired in hospi ta l  intens ive care uni ts  and burn uni ts  can be res is tant to a l l  commonly used antimicrobia ls . Unti l  the speci fic susceptibi l i ty for
the patient’s  i solate i s  ava i lable, the best choice i s  an antipseudomonal  penici l l in (piperaci l l in (d) or ticarci l l in) plus  a  β-lactamse inhibi tor and
an aminoglycos ide. Ceftazidime (a) i s  cons is tently active aga inst many P. aeruginosa s tra ins  but hospi ta l -acquired s tra ins  may be res is tant.
Erythromycin (b), penici l l in (c), cephalothin (d), and vancomycin (a) have no activi ty aga inst P. aeruginosa. Fluoroquinolones  make a  good
alternative treatment with aminoglycos ides , but imipenem (b) must a lways  be given with ci las tatin.

47. The answer is e. (Katzung, Ch 51. Levinson, Ch 10. Murray, Ch 17. Ryan, Ch 23.) This  patient has  a  hospi ta l -acquired methici l l in-res is tant S. aureus (HA-
MRSA) infection, for which the drug of choice i s  vancomycin (e). HA-MRSA are frequently res is tant to multiple antibiotics , whereas  community-
acquired methici l l in-res is tant S. aureus (CA-MRSA) are more susceptible. For CA-MRSA, cl indamycin may be a  better choice. Dicloxaci l l in (b) and
ceftazidime (a) are used to treat methici l l in-susceptible S. aureus s tra ins . Almost a l l  s tra ins  of S. aureus in the United States  produce penici l l inase,
so penici l l in (c) should not be used. Tobramycin (d) i s  used mainly for serious  gram-negative infections  and may be effective. However, S. aureus
s tra ins  are emerging with decreased susceptibi l i ty to vancomycin.

48. The answer is e. (Katzung, Ch 43, 44, 46, 48. Levinson, Ch 10. Murray, Ch 17. Ryan, Ch 23.) The mechanism of action described i s  that of trim-ethoprim
(TMP) (e), a  diaminopyrimidine that i s  a  fol ic acid antagonis t. Al though TMP is  commonly used in combination with sul fa  drugs , i ts  mode of action
is  dis tinct. TMP is  s tructura l ly s imi lar to the pteridine portion of dihydrofolate and prevents  the convers ion of fol ic acid to tetrahydrofol ic acid by
inhibi tion of dihydrofolate reductase. Fortunately, this  enzyme in humans  i s  relatively insens i tive to TMP. Ampici l l in (a ), a  s tructura l  ana log of the
natura l  D-Ala-D-Ala  substrate for penici l l in-binding protein (PBP), prevents  the transpeptidase function of PBP that cross l inks  the developing
peptidoglycan cel l  wel l . Amphotericin (b) i s  an anti fungal  drug that binds  ergosterol  in the fungal  membrane. Chloramphenicol  (c) binds  revers ibly
to the 50S ribosomal  subunit and inhibi ts  formation of peptide bond by inhibi ting the transpeptidase function. Levofloxacin (d) blocks  bacteria l
DNA synthes is  by inhibi ting bacteria l  topoisomerase II  (DNA gyrase) and topoisomerase IV (separation of repl icated chromosomal  DNA).

49. The answer is e. (Katzung, Ch 51. Levinson, Ch 18. Murray, Ch 27. Ryan, Ch 33.) The drug of choice for compl icated UTIs  without seps is  i s
trimethoprim/sul famethoxazole (e). Ampici l l in (a ) i s  no longer sufficiently effective aga inst E. coli, Proteus spp., and other gram-negative baci l l i
associated with UTI with kidney s tone formation. Chloramphenicol  (c) i s  not used to treat UTI, and i s  rarely used in the United States  for any
infection except ricketts ia l  infections  and some cases  of chi ldhood meningi ti s . Penici l l in (d) i s  not active aga inst enteric gram-negative baci l l i .
Amphotericin (b) i s  an anti fungal  drug.

50. The answer is e. (Katzung, Ch 43. Murray, Ch 20. Ryan, Ch 25.) Enterococcus faecalis and other enterococci  are inherently res is tant to oxaci l l in and
cephalosporins  and may acquire res is tance to aminoglycos ides  and vancomycin; yet they have remained susceptible to penici l l ins , especia l ly
ampici l l in (a ). Treatment with vancomycin (e), which binds  to D-Ala-D-Ala  of peptidoglycan, can select vancomycin-res is tant s tra ins  (VRE) from the
population of enterocci  in the colon. These VRE can then cause infection. Treatment of choice for VRE UTI i s  ampici l l in plus  an aminoglyco-s ide.
Daptomycin may be substi tuted for ei ther drug in case of res is tance. Amphotericin (b) i s  an anti fungal . Chloramphenicol  (c) i s  not used to treat
UTI. Levofloxacin (d) has  no activi ty aga inst VRE.

51. The answer is e. (Katzung, Ch 48. Murray, Ch 69. Ryan, Ch 43.) Voriconazole (e), an anti fungal  azole, i s  the drug of choice for treating aspergi l los is  in
immunocompromised individuals  such as  the patient in the vignette who has  leukemia. It i s  less  toxic than amphotericin B (a), an a l ternative
treatment. Anti fungal  azoles  affect ergosterol  synthes is  by acting on the demethylase enzyme in the synthetic pathway. Amphotericin B binds  to
ergosterol  and a l ters  the permeabi l i ty of the cel l  by forming pores  in the cel l  membrane. The pores  a l low the leakage of intracel lular ions  and
macromolecules , leading to cel l  death. Binding to human membrane s terols  a lso occurs , which l ikely accounts  for the severe toxici ty of the drug.
Caspofungin (b), primari ly used to treat invas ive candidias is , can a lso be used to treat invas ive aspergi l los is , but i t works  by blocking synthes is  of
the glucan component of the cel l  wal l . Nikkomycin Z (d), a  drug in development, blocks  chi tin synthes is  and has  activi ty aga inst Coccidioides and
Blastomyces but not Aspergillus. Griseofulvin (c) i s  a  topica l  or systemic anti fungal  used to treat dermatophytos is . It functions  by dis rupting the
microtubules .



52. The answer is c. (Katzung, Ch 51. Levinson, Ch 18. Murray, Ch 27. Ryan, Ch 33.) The gi rl  in the vignette most l ikely has  Neisseria meningitidis meningi ti s .
The drug of choice i s  ceftriaxone, which i s  contra indicated by the chi ld’s  known β-lactam a l lergy due to cross -hypersens i tivi ty. The a l ternative drug
of choice i s  chloramphenicol , which inhibi ts  formation of the peptide bond (c) through inhibi tion of the transpeptidase reaction. Meropenem, a
second a l ternative, i s  a l so a  β-lactam with cross -hyper-sens i tivi ty. Tetracycl ine, which blocks  tRNA binding to the A s i te (a), i s  not used to treat
meningi ti s  and should not be used in chi ldren under 10. Aminoglycos ides , which cause misreading of mRNA (b) and resul t in premature
termination (e) of trans lation, as  wel l  as  blocking ini tiation of protein synthes is , are not genera l ly used to treat meningi ti s  except in cases
caused by Listeria. Macrol ides  prevent trans location (d) and are not used to treat meningi ti s .

53. The answer is d. (Murray, Ch 5, 18. Ryan, Ch 4, 24.) In genera l , rea l -time PCR i s  more sens i tive than cul ture (a), due to the abi l i ty of the assay to
detect very few copies  of bacteria l  DNA present in the specimen. Recently, many cl inica l  laboratories  have begun us ing rea l -time PCR for the mecA
gene or the SCC mec cassette that carries  mecA to detect the presence of MRSA in nasa l  specimens  col lected from patients  upon admiss ion to the
hospi ta l . Numerous  s tudies  have shown that the sens i tivi ty of rea l -time PCR i s  s l ightly higher than that of optimal ly performed chromogenic
cul ture for MRSA. However, even at 85% sens i tivi ty, i f the 50 pos i tive samples  were true pos i tives , one would expect to have recovered 42 to 43
isolates  in the companion cul tures  rather than 15. Real -time PCR was  thought to be more speci fic than cul ture (b), but the appearance of
increas ing numbers  of mecA gene variations  has  led to fa lse-negative resul ts  due to primer mismatch and fa i lure to ampl i fy the gene even when
present. Detecting SCC mec was  thought to be the solution to this  problem, only to come under fi re because the same SCC mec cassette found in
community-acquired MRSA is  present in methici l l in-res is tant S. epidermidis, leading to misclass i fi cation of patients  with MRSE. This  finding has  led
to the development of multiplex PCR tests  that detect genes  speci fic for S. aureus in addi tion to the mecA gene. Unfortunately, many laboratories
have implemented nucleic acid testing without having access  to dedicated space for sample preparation and the PCR instrument, as  described in
the vignette. This  frequently leads  to contamination of the PCR workstation with MRSA DNA (d), which i s  then ampl i fied in the reaction producing a
fa lse-pos i tive resul t. Fa i lure of the thermocycler, the PCR instrument, because i t needs  to be ca l ibrated (c), i s  a  poss ibi l i ty, but should have been
addressed through required instrument maintenance and running of appropriate controls .

54. The answer is a. (Murray, Ch 12, 36. Diagnosis and management of foodborne illness, pp 1-33.) Under harsh envi ronmenta l  conditions , certa in gram-
pos i tive bacteria  convert from the vegetative s tate into a  dormant s tate or spore. The spores , which are dehydrated s tructures , protect bacteria l
DNA and other contents  from the effect of the intense heat, radiation, and s tandard dis infectants . If spores  present in the food are not ki l led
during preparation, and i f the cooked food i s  left for severa l  hours  at room temperature, the spores  wi l l  germinate a l lowing vegetative bacteria  to
produce the enterotoxin. The spore-forming gram-pos i tive bacteria  (a), Clostridium perfringens and Bacillus cereus, produce enterotoxins  that cause
watery diarrhea and abdominal  cramps  but no fever. Whi le very s imi lar, the vignette suggests  C. perfringens as  the etiologic agent. Onset i s  more
rapid than with B. cereus diarrheal  toxin, and whi le the types  of food overlap, temperature-abused food i s  frequently associated with C. perfringens.
Among the gram-pos i tive cocci  (b), Staphylococcus aureus produces  enterotoxin, but the onset i s  more abrupt (1-6 hours ) and fever may be present.
The gram-negative baci l l i  (a ) must fi rs t colonize the intestine and grow, even i f an enterotoxin i s  at the root of the diarrhea. Thus , onset of
symptoms occurs  from 24 hours  to severa l  days  after ingestion of the food. Opportunis tic fungi  (d) are not known to be involved in food poisoning.
Enteric vi ruses  (e) such as  norovi rus  and rotavi rus  require 12 to 48 hours  and 1 to 3 days , respectively, for symptoms to appear. They are more
commonly associated with foods  contaminated by food workers  during preparation (sa lads , sandwiches , and frui t), or food prepared with
contaminated water (sa lads , frui t, and ice).

55. The answer is c. (Murray, Ch 12, 26.) In Neisseria, the equiva lent to LPS i s  l ipool igosaccharide (LOS) (c), which cons is ts  of l ipid A and core
ol igosaccharide but lacks  the O antigen. By triggering an inflammatory response, LOS causes  most of the symptoms during Neisseria gonorrhoeae
infection. It activates  the complement and s timulates  the influx of phagocytes  leading to the purulent discharge. LOS a lso contributes  to serum
res is tance, which i s  an important feature of s tra ins  that causes  systemic infection. Rapidly growing Neisseria releases  outer membrane blebs ,
which conta in LOS. Pi l i  (e) mediate the ini tia l  attachment of N. gonorrhoeae to the surface of cervica l  or urethra l  epi thel ia l  cel l s . Pi l i  are attached to
the cel l  surface and are not released. The opaci ty protein (d), which provides  N. gonorrhoeae colonies  with thei r opaque appearance, i s  an outer
membrane protein. It mediates  binding of N. gonorrhoeae to epi thel ia l  cel l s  and plays  a  role in cel l -to-cel l  s igna l ing. Simi lar to the pi l i , the opaci ty
protein i s  a  cel l -associated factor. The capsule (a) surrounds  pathogenic bacteria  and provides  them with antiphagocytic properties . However, N.
gonorrhoeae i s  not encapsulated. Exotoxins  (b), which are produced by some gram-negative and gram-pos i tive bacteria , bind to speci fic receptors
on the host cel l s  and ei ther a l ter the function of the host cel l  or destroy i t. N. gonorrhoeae does  not produce exotoxin.

56. The answer is b. (Murray, Ch 30. Ryan, Ch 35.) Most i solates  of Moraxella catarrhalis, a  common cause of acute oti ti s  media , produce β-lactamase (b)
making them res is tant to the penici l l ins . They are a lmost a l l  susceptible to thi rd-generation cephalosporins , macrol ides , tetracycl ine
(contra indicated in a  2-year-old), trimethoprim/sul famethoxazole, and ampici l l in/sulbactam. Chloramphenicol  acetyl transferase (a) i s
respons ible for natura l ly occurring chloramphenicol  res is tance in bacteria . Aminoglycos ide phosphotransferases  (e) confer res is tance to
aminoglycos ide antibiotics . Cata lase (c) i s  an enzyme involved in the detoxi fication of the reactive oxygen species  H2 O2; DNase (d) i s  an enzyme
that destroys  DNA. Both are produced by M. catarrhalis, but nei ther i s  involved in antibiotic res is tance.

57. The answer is c. (Murray, Ch 5, 18. Ryan, Ch 4, 24.) Due to variations  in the mecA gene which confers  methici l l in (oxaci l l in) res is tant, severa l  of the
rea l -time PCR assays  used by cl inica l  laboratories  now ampl i fy the SCC mec cassette that carries  mecA in order to determine whether patients  are
colonized with MRSA upon admiss ion. Any specimen testing pos i tive i s  cons idered to harbor MRSA. However, the same SCC mec cassette found in
community-acquired MRSA is  present in methici l l in-res is tant S. epidermidis (c). Unless  addi tional  targets  speci fic for S. aureus are ampl i fied, the
actual  source of the ampl icon could have been S. epidermidis, or other species  of Staphylococcus. It i s  enti rely poss ible for a  person to carry MRSA in
the nasa l  passages  and be infected with a  di fferent s tra in of S. aureus that i s  methici l l in-susceptible or with a  di fferent species  of Staphylococcus.
There i s  no reason to bel ieve the PCR was  contaminated (b) or that the wrong primers  were used in the PCR (d). S. epidermidis i s  a  common cause of
surgica l  wound infections , ga ining entry di rectly into the incis ion from the surrounding skin. There i s  no reason to suspect that the cul ture was
performed improperly (a ).

58 to 62. (Levinson, Ch 7. Murray, Ch 14. Ryan, Ch 22.) This  series  of questions  reviews  vi rulence factors  and components  of various  pathogenic bacteria
—Neisseria meningitidis (58), Streptococcus pyogenes (59), Mycobacterium tuberculosis (61), and Bacillus anthracis (62), as  wel l  as  the role of LPS as
endogenous  pyrogen (60). Vi rulence factors  in genera l  are discussed in the chapters  l i s ted above, and include capsules , pi l i , endotoxin (LPS, LOS),
teichoic acid, cata lase, and exotoxins . Bacteria l  (and fungal ) cel l  wal l  components  include peptidoglycan, teichoic acid, glycol ipids  or waxes , and
ergosterol  (fungi ).

58. The answer is b. (Levinson, Ch 16. Murray, Ch 26. Ryan, Ch 30.) At least 13 serogroups  of N. meningitidis have been identi fied by immuno-logic
speci fici ty of capsular antigens . Five, A, B, C, Y, and W-135, are the most important s tra ins  associated with disease. Vi rulence factors  associated
with N. meningitidis are the polysaccharide capsule (b), pi l i  (c) that mediate attachment, an IgA protease, and l ipool igosaccharide (d) or endotoxin
that mediates  the cl inica l  mani festations . The polysaccharide capsule (b) binds  serum factor H to i ts  surface, protecting the microbe from



complement-mediated phagocytos is  by neutrophi l s  unless  the capsules  are opsonized with antibody. This  i s  the function of the polysaccharide N.
meningitidis vaccine. The organism is  oxidase and cata lase (e) pos i tive, but these are tra i ts  used to identi fy the bacterium. Opaci ty proteins  (a) are
found in N. gonorrhoeae where they mediate fi rm attachment to host cel l s .

59. The answer is d. (Levinson, Ch 15. Murray, Ch 19. Ryan, Ch 25.) Streptococcus pyogenes, or Group A Streptococcus (GAS), produces  a  number of vi rulence
factors . The M protein (d) i s  the organism’s  most important antiphagocytic factor, and i t conveys  serologic speci fici ty—over 100 serotypes  are now
known. In the early s tages  of growth, the bacteria  have hya luronic acid (b) capsules . This  capsule (s imi lar to human hya luronic acid s tructure) i s
rapidly destroyed by the organism’s  own hya luronidase. Also known as  spreading factor, hya luronidase plays  a  role in GAS cel lul i ti s . Erythrogenic
toxin (a) i s  a  superantigen produced by some stra in of GAS lysogenized by a  bacteriophage carrying the toxin gene; i t causes  the rash of scarlet
fever. A second superantigen, s treptococca l  pyrogenic toxin, causes  s treptococca l  toxic shock syndrome. Streptolys in O (e) an oxygen-labi le
hemolys in i s  useful  for identi fi cation of the organism and i s  antigenic so antis treptolys in antibodies  can be used to diagnos is  rheumatic fever, a
sequelae of GAS infection. Lipoteichoic acid (c) i s  a  component of the cel l  wal l  that i s  involved in binding of the bacterium to host fibronectin.

60. The answer is c. (Levinson, Ch 57. Murray, Ch 7. Ryan, Ch 2.) Lipopolysaccharide (LPS or endotoxin) (c) cons is ts  of three regions : l ipid A, which forms
the outer leaflet of the l ipid bi layer outer membrane; the core polysaccharide; and the O-antigen polysaccharide s ide cha in. Endotoxin i s
recognized by macrophages  through their LPS receptors  CD14 and Tol l -l ike receptor 4. Upon this  recognition, the macrophage secretes  interleukin
(IL)-1, IL-6, and tumor necros is  factor-α (TNF-α), which s timulate inflammatory responses  including fever. This  occurs  whether the intact microbe i s
present or not. Overproduction of TNF-α can lead to hypotens ion. Teichoic acid (e) i s  a l so recognized by macrophages  through tol l -l ike receptors ,
but this  substance i s  not present in gram-negative bacteria . Bacteria l  polysaccharides  (a) and hya luronic acid (b) do not el ici t this  type of
inflammatory response. Protein toxins  (d) would produce symptoms in keeping with the type of toxin and rely on the appropriate receptor being
present, which may not be the case in event of systemic adminis tration (intravenous) or injection intramuscularly.

61. The answer is b. (Levinson, Ch 21. Murray, Ch 25. Ryan, Ch 26.) The vignette describes  Mycobacterium tuberculosis infection. Mycobacteria  are rod-
shaped, aerobic bacteria  that do not form spores . Whi le mycobacteria  have peptidoglycan (d), i t i s  highly decorated with many branched-chain
polysaccharides , proteins , and l ipids . The cel l  wal l  a l so conta ins  mycol ic acids  and l ipoarabinomannan, a  s tructure functional ly analogous  to LPS.
These glycol ipids  (b) make the l ipid content of the cel l  wal l  approximately 60%. The acid-fast nature of mycobacteria  i s  due to this  waxy coat; only
extreme conditions  a l low the s ta in to penetrate, and once ins ide, the s ta in cannot be removed by acid and a lcohol . Ergosterol  (a ) i s  found in
fungal  cel l  membranes . Hya luronic acid (b) comprises  the capsule of S. pyogenes and i s  found on human cel l s . Mycobacteria  do not conta in teichoic
acid (e); this  i s  a  component of gram-pos i tive bacteria l  cel l  wal l s .

62. The answer is a. (Levinson, Ch 21. Murray, Ch 21. Ryan, Ch 26.) Bacillus anthracis produces  an unusual  capsule composed of poly-D-glutamic acid (a).
The capsule prevents  phagocytos is  of the organisms  by PMNs and i s  an important vi rulence factor. Stra ins  that do not produce capsules  are
nonvirulent. Letha l  factor (c) combines  with protective antigen (e) to form the letha l  toxin, which cleaves  mitogen-activated protein kinase
resul ting in cel l  death. Protective antigen (e) a lso combines  with edema factor to form edema toxin, a  ca lmodul in-dependent adenylate cyclase
whose action increases  intracel lular cAMP resul ting in severe edema. Hyaluronic acid (b) composes  the often short-l ived capsule of S. pyogenes. M
protein (d) of S. pyogenes i s  antiphagocytic.

63. The answer is c. (Levinson, Ch 15. Murray, Ch 19. Ryan, Ch 25.) There are more than 90 capsular immunotypes  of Streptococcus pneumoniae. Immunity to
S. pneumoniae i s  conveyed by antibodies  aga inst the speci fic capsular type. Vaccines  have been formulated to conta in the most commonly i solated
capsular types . Origina l ly, the S. pneumoniae conjugated vaccine conta ined seven serotypes . Unfortunately, the serotype replacement phenomenon
occurred in which a  nonvaccine s tra in began to cause disease among the vaccinated population. Over time this  lead to the l i cens ing of a  13-va lent
pneumococca l  conjugated vaccine (PCV-13), which was  recommended for chi ldren. A 23-va lent nonconjugated vaccine (PV-23) was  developed for
chi ldren over age 2 and adults  who are at ri sk for the disease. Recent research showed that older adults  vaccinated with PCV-13 elaborated higher
protective antibody ti ters  than those immunized with PV-23. PCV-13 has  now been l i censed for adul ts  50 and older. The fa i lure of the vaccine to
protect these individuals  i s  most l ikely due to the replacement phenomenon—the capsular type respons ible was  not present in the vaccine (c).
Elderly patient do mount good immune responses  to vaccines  so (a) i s  not the l ikely cause. Some patients  wi l l  not respond to the vaccine (b), but
the effectiveness  of the vaccine i s  higher than 17% (10/12, the number of patients  who became infected). In fact, recent analyses  of s tra ins  caus ing
i l lness  in those over 65 suggest that over 70% of the cases  of invas ive pneumococca l  disease are covered by PCV-13. It i s  unl ikely that the vaccine
was  defective (d), a l though this  can occur.



Virology

Questions

64. A 27-year-old man presents  to his  primary care phys ician with compla ints  of a  fever, headache, muscle aches , and swol len glands . The
phys ician observes  disseminated lymphadenopathy, pharyngi ti s , and a  rash on the man’s  upper chest. The patient s tates  that he had been to a
party 2 weeks  ago where he experimented with injecting drugs  to get high. Needles  were shared among the party-goers . A rapid latex test for
human immunodeficiency vi rus  (HIV) antibodies  performed in the phys ician’s  office i s  negative. The doctor has  a  s trong suspicion that this  man
has  acute retrovi ra l  syndrome. Which of the fol lowing tests  i s  most l ikely to support a  diagnos is  of HIV infection at this  time?

a. CD4 lymphocyte count
b. HIV antibody test by enzyme-l inked immunosorbent assay (EIA)
c. HIV p24 antigen
d. Reverse transcriptase polymerase chain reaction (PCR) for HIV RNA
e. Western blot for HIV antibodies

65. A 9-year-old male with a  his tory of fever and nonspeci fic symptoms presents  with a  bright red cheeks  and a  macular lacy rash over his  body.
Which of the fol lowing vi ruses  i s  the most l ikely cause of this  disease?

a. Herpes  s implex vi rus  (HSV) type 1
b. Parvovi rus  B19
c. Rubel la  vi rus
d. Rubeola  (meas les ) vi rus
e. Varicel la -zoster vi rus  (VZV)

66. A 24-year-old pregnant woman presents  near term with les ions  suspicious  for primary geni ta l  herpes . Cul ture identi fies  the presence of HSV
type 2. At the time of del ivery, she s ti l l  has  active geni ta l  les ions . Which of the fol lowing should be done to avoid transmitting the vi rus  to the
baby?

a. Cesarean del ivery
b. Internal  feta l  monitoring
c. Rupture of the membranes  to speed del ivery
d. Vagina l  del ivery

67. A 24-year-old s treet person, who i s  known to be HIV-pos i tive, enters  the community heal th cl inic compla ining of sores  in his  mouth. He says  he
has  been having fevers  and night sweats  and thinks  he has  lost weight recently. Examination of his  mouth reveals  the les ions  shown in the
image. Scraping of the white patches  shows  budding yeast and masses  of pseudo-hyphae. His  CD4 T-cel l  count i s  280/µL and vi ra l  load i s  75,000
copies/→L. The doctor and patient agree i t i s  time to begin anti retrovi ra l  therapy. Which of the fol lowing regimens  i s  best for this  treatment-na ïve
patient?

(Courtesy of CDC/Sol Silverman Jr, DDS, University of California, San Francisco 1987; ID #6066.)

a. Abacavi r a lone
b. Efavi renz plus  tenofovi r plus  emtrici tabine
c. Darunavir boosted with ri tonavi r



d. Maravi roc plus  enfuvi rtide plus  ra l tegravi r
e. Nevirapine a lone

68. An HIV-pos i tive patient, a fter treatment with tenofovi r/emtrici tabine plus  ri tonavi r-boosted atazanavir, has  a  CD4 T-cel l  count of 325/µL and a
vi ra l  load of less  than 50 copies  of HIV RNA/mL. Previous ly her CD4+ T-cel l  count was  280/µL and vi ra l  load was  100,000 copies/mL. Which of the
fol lowing best describes  this  patient?

a. This  patient i s  no longer in danger of opportunis tic infection
b. The 5-year prognos is  i s  excel lent
c. The patient’s  HIV screening test i s  most l ikely negative
d. The patient i s  not infectious
e. The anti retrovi ra l  therapy has  been effective

69. An HIV-pos i tive patient with a  vi ra l  load of 100,000 copies/mL of HIV RNA and a  drop in his  CD4 T-cel l  count from 240 to 50/µL has  been
diagnosed with Pneumocystis jiroveci pneumonia . Which of the fol lowing i s  the best description of the s tage of this  patient’s  HIV disease?

a. HIV infection, s tage 1
b. HIV infection, s tage 2
c. HIV infection, s tage 3 (AIDS)
d. HIV infection, s tage unknown

70. A 19-year-old col lege s tudent presents  to the s tudent heal th cl inic compla ining of sore throat, fever, swol len neck lymph nodes , and mala ise of
severa l  days . His  complete blood count shows  WBC count 22,000/µL with 10% neutrophi l s , 28% lymphocytes , 47% reactive lymphocytes , and 15%
monocytes . His  monospot test i s  pos i tive. Which of the fol lowing i s  caus ing this  s tudent’s  infection?

a. Adenovirus
b. Cytomegalovi rus
c. Echovirus
d. Epstein–Barr vi rus
e. Human metapneumovirus

71. During a  medica l  checkup for a  new insurance pol icy, a  60-year-old grandmother i s  found to be pos i tive by a  conventional  EIA screening test for
antibodies  aga inst HIV-1. She has  no known ri sk factors  for exposure to the vi rus . Which of the fol lowing i s  the most appropriate next s tep?

a. Immediately begin anti retrovi ra l  therapy
b. Perform the EIA screening test a  second time
c. Request that a  vi ra l  blood cul ture be done by the laboratory
d. Tel l  the patient that she i s  l ikely to develop AIDS
e. Test the patient for Pneumocystis jiroveci infection

72. A 74-year-old man who l ived in I l l inois  developed mala ise, fever, cough, and sore throat in August. Two days  later, he vis i ted his  doctor
because of severe headache, nausea and vomiting, and continued fever. He told his  doctor that the mosquitoes  had been fierce in the las t 2
weeks  and that he had been bi tten numerous  times . The doctor noted tremors  in the man’s  hands  as  wel l  as  fever of 104°F, and admitted him to
the hospi ta l  for tests . Examination of CSF revealed normal  glucose and protein with 150 lymphocytes/µL; PCR assays  for HSV and West Ni le vi rus
(WNV) on the CSF were negative. Despi te supportive care, the man s l ipped into a  coma and died. Which of the fol lowing vi ruses  was  most l ikely
respons ible for this  man’s  i l lness?

a. Coltivirus
b. Dengue vi rus
c. Erythrovirus (parvovi rus  B19)
d. La  Crosse vi rus
e. St. Louis  encephal i ti s  vi rus

73. A 64-year-old man compla ined of poor memory and di ffi cul ty with vis ion that was  progress ing rapidly and myoclonic jerks . Cerebrospina l  fluid
examination at a  reference laboratory revealed the presence of 14-3-3 protein. Over the next 6 months  his  cogni tive deterioration became severe
and he died 2 months  later. At autopsy, spongi form encephalopathy was  noted. Which of the fol lowing i s  the most appropriate diagnos is  for this
man?

a. Sporadic Creutzfeldt–Jakob disease (CJD)
b. Fami l ia l  CJD
c. Iatrogenic CJD
d. Variant CJD

74. In 2003, the zoonotic severe acute respiratory syndrome (SARS) coronavirus  caused a  pandemic in which over 8000 people were infected and the
morta l i ty rate was  10%. In 2012, a  novel  coronavirus  was  i solated from 12 persons  in Saudi  Arabia , Qatar, and Bri ta in with severe respiratory
i l lness ; so far, 50% have died. Which of the fol lowing syndromes  i s  more commonly caused by other known types  of human coronaviruses?

a. Common cold
b. Herpangina
c. Meningi ti s
d. Pneumonia
e. Ves icular les ions

75. A 35-year-old intravenous  (IV) drug abuser with known chronic hepati ti s  B vi rus  (HBV) s tatus  suddenly presents  with an acute hepati ti s
episode. He develops  mass ive hepatic necros is  and dies . Which of the fol lowing i s  most l ikely respons ible for the change in his  condition?

a. A hepati ti s  B mutant has  developed
b. He has  contracted hepati ti s  D vi rus  (HDV)



c. He has  developed ci rrhos is
d. His  food conta ined hepati ti s  A vi rus  (HAV)
e. His  food conta ined hepati ti s  E vi rus  (HEV)

76. Which of the fol lowing antivi ra l  compounds  inhibi ts  activi ty of the pyrophosphate-binding s i te of vi ra l  DNA polymerases  and i s  used to treat
serious  infections  with cytomegalovi rus?

a. Amantadine
b. Foscarnet
c. Ganciclovi r
d. Ribavi rin
e. Zidovudine

77. A cl inic associated with a  medica l  school  and located in a  lower income ci ty dis trict documents  a  series  of cases  involving echoviruses  in
school -age chi ldren. Most cases  experienced common cold symptoms plus  mi ld fever and maculopapular rash; some were hospi ta l i zed with acute
onset of fever, headache, nuchal  rigidi ty, and petechia l  rash. Al l  experienced complete recovery within 1 week without speci fic antivi ra l  therapy.
Which of the fol lowing body systems i s  the main target of echoviruses?

a. Bloodstream
b. Centra l  nervous  system (CNS)
c. Intestina l  tract
d. Lymphoid ti ssues
e. Upper respiratory tract

78. A newborn infant presents  with ves icular skin les ions . He a lso had genera l i zed symptoms suggestive of CNS and l iver involvement. His  mother
had developed pa inful  ves icular les ions  on her geni ta l ia  severa l  days  prior to the bi rth of her son. She had not sought medica l  help unti l  she was
in heavy labor. At admiss ion to labor and del ivery, internal  les ions  were seen on her cervix and vagina l  wal l s , but the bi rth was  eminent,
precluding C-section. Which of the fol lowing i s  the most rapid test for defini tive identi fi cation of the most l ikely etiologic agent?

Ves icular les ions  of congenita l  herpes . (Courtesy of CDC.)

a. Detection of speci fic HSV IgG antibodies
b. Di rect immunofluorescence for HSV on cel l s  from les ions
c. HSV PCR on cerebrospina l  fluid
d. Tzanck smear
e. Vi ra l  cul ture of fluid from les ions

79. Severa l  chi ldren in a  day care center for preschoolers  developed fever, i rri tabi l i ty, lack of appeti te, and a  ves icular rash found on their hands ,
feet, and mouths . With which vi rus  were these chi ldren most l ikely infected?



(A: Courtesy of James Heilman, MD, Creative Attribution-Share Alike 3.0 Unported license; B: Courtesy of Ngufra, 2102-07-06, GNU Free Documentation License; C:
Courtesy of DJ Midgley, May 2008, Creative Commons Attribution-Share Alike 3.0 Unported license.)

a. Coronavirus
b. Coxsackievi rus  A
c. Orthoreovirus
d. Respiratory syncytia l  vi rus
e. Rhinovirus

80. A 15-year-old boy i s  taken to his  pediatrician after experiencing fever, mala ise, and anorexia  fol lowed by tender swel l ing of his  parotid glands .
Which of the fol lowing i s  the most l ikely compl ication to occur in this  patient?

a. Gui l la in–Barré syndrome
b. Hemorrhage
c. Myocardi ti s
d. Oophori ti s
e. Orchi ti s

81. An otherwise heal thy 65-year-old male was  in a  car accident and broke severa l  ribs  on the left s ide. Approximately 12 days  later, he developed
a pa inful , wel l -ci rcumscribed ves icular rash over the left rib cage that pers is ts  for severa l  weeks . The rash i s  most l ikely due to which of the
fol lowing?



(Courtesy of CDC, 1995, ID#6886.)

a. Primary infection with HSV type 1
b. Reactivation of latent HSV type 1
c. Primary infection with Epstein–Barr vi rus
d. Reactivation of latent Epstein–Barr vi rus
e. Primary infection with VZV
f. Reactivation of latent VZV

82. A 3-year-old chi ld who had not been immunized presents  at the phys ician’s  office with symptoms of coryza , cough, conjunctivi ti s , and
photophobia . He has  a  low-grade fever, and smal l , bluish-white ulcerations  are seen on the bucca l  mucosa  oppos i te the lower molars . What i s
the causative agent of this  chi ld’s  symptoms?

a. Adenovirus
b. HSV
c. Influenzavi rus
d. Meas les  vi rus
e. Rubel la  vi rus

83. A sexual ly active woman was  seen for a  routine gynecologic exam that included a  Pap smear. The report indicated cervica l  intraepi thel ia l
neoplas ia . In s i tu hybridization showed the presence of human papi l lomavirus  (HPV) type 16 genomes  within the neoplastic cel l s . Which of the
fol lowing processes  i s  required for HPV to lead to the development of cancer?

a. Integration of the vi ra l  genome
b. Loss  of HPV E6 and E7 genes
c. Mutation of the vi rus
d. Vi ra l  repl ication

84. Two s ibl ings , ages  2 and 4, experience fever, rhini ti s , and pharyngi ti s  that resul t in laryngotracheobronchiti s . Both have a  harsh, bark-l ike
cough and hoarseness . Which of the fol lowing vi ruses  i s  the leading cause of thei r syndrome?

a. Adenovirus
b. Coxsackievi rus  B
c. Para influenza  vi rus
d. Rhinovirus
e. Rotavi rus

85. An outbreak of hepati ti s  occurred in an area  of India  with poor sani tation. Most of the patients  reported fever, nausea with vomiting, and
weight loss  occurring over severa l  days  fol lowed by jaundice and pruri tus . Testing quickly ruled out HAV. A number of women in the area  are
pregnant. For which of the fol lowing are these women at ri sk?

a. Chronic hepati ti s
b. Feta l  hydrops
c. Fulminant hepatic fa i lure
d. Gui l la in–Barré syndrome
e. Reye syndrome

86. An 18-year-old man was  taken to an emergency medicine department because of fever and headache for 36 hours  and now compla int of a  s ti ff
neck. No bacteria l  agents  appeared to be involved and an ini tia l  diagnos is  of aseptic meningi ti s  was  made. Which of the fol lowing laboratory
findings  in the examination of his  cerebrospina l  fluid led to this  diagnos is?



a. Decreased protein content
b. Elevated glucose concentration
c. Eos inophi l i c pleocytos is
d. Lymphocytic pleocytos is
e. Neutrophi l i c pleocytos is

87. A s treet person wel l  known to the loca l  publ ic hea l th cl inic appears  to have acute symptoms of hepati ti s  and tests  pos i tive for HDV antigen.
Knowing that HDV requires  HBV, which of the fol lowing sets  of test resul ts  shows  this  patient had chronic HBV infection and was  superinfected
with HDV?

a. HBsAg +, HBeAg +, Anti -HBcAg IgM +, Anti -HBcAg IgG -, Anti -HBsAg -
b. HBsAg +, HBeAg +, Anti -HBcAg IgM -, Anti -HBcAg IgG +, Anti -HBsAg -
c. HBsAg -, HBeAg -, Anti -HBcAg IgM -, Anti -HBcAg IgG +, Anti -HBsAg +
d. HBsAg -, HBeAg -, Anti -HBcAg IgM -, Anti -HBcAg IgG -, Anti -HBsAg +

88. A nurse develops  cl inica l  symptoms cons is tent with hepati ti s . She reca l l s  s ticking hersel f with a  needle approximately 5 months  before, a fter
drawing blood from a  patient. Serologic tests  for HBsAg, and antibodies  to HBsAg and HAV are a l l  negative; however, she i s  pos i tive for HBcAg IgM
antibody. Which of the fol lowing characterizes  the current heal th s tate of the nurse?

a. Does  not have hepati ti s  B
b. Has  resolved hepati ti s  B
c. Has  chronic hepati ti s  B
d. Is  in window period of acute hepati ti s  B
e. Was  immunized with HBsAg

89. A 65-year-old Florida  fi sherman forgot his  insect repel lent on a  recent sporting trip. A week later, he developed fever, chi l l s , headache, and
flul ike symptoms. He was  brought to the Emergency Department by his  wi fe with photophobia , extreme lethargy, and severe headache. CNS
examination revealed crania l  nerve defici ts  and hemipares is . The patient was  admitted to intens ive care with a  grave prognos is . Which of the
fol lowing i s  the vector that transmitted the infection from which this  man i s  suffering?

a. Bi rd
b. Flea
c. Mosquito
d. Sand fly
e. Tick

90. A loca l  school  dis trict finds  a  large number of s tudent absences , with the chi ldren presenting with rhinorrhea, nasa l  obstruction, headache,
and mala ise, but no fever. A s tra in of rhinovirus  i s  the most l ikely etiologic agent of these infections . By which method i s  this  vi rus  most
frequently spread?

a. Feca l–ora l  route
b. Hand-to-hand contact
c. Respiratory droplets
d. Sexual  contact
e. Vertica l  transmiss ion

91. A 10-month-old infant who was  born 4 weeks  premature was  brought to the Emergency Department with high fever, rhinorrhea, cough, and
di fficul ty breathing. On examination, the baby had dyspnea and tachypnea; ra les  and wheezing were heard over both lungs . The baby was
admitted to Pediatric Intens ive Care where she suffered respiratory fa i lure and was  placed on mechanica l  venti lation. Two di fferent types  of tests
for respi ratory syncytia l  vi rus  (RSV or Pneumovirus) were negative, as  were tests  for para influenza  vi rus , influenza  A and B vi ruses , and adenovirus .
Which of the fol lowing vi ruses  i s  the most l ikely etiologic agent?

a. Cytomegalovi rus
b. HSV type 1
c. Human metapneumovirus
d. Parvovi rus  B19
e. Rhinovirus

92. A 32-year-old woman was  bi tten on the fingers  by a  fera l  ki tten that she was  trying to feed. She cleaned the wounds , and after a  week, the
s i tes  healed without bacteria l  infection. Sixty days  later, she noticed pa in, i tching, and numbness  at the s i tes  of the bi te wounds . Alarmed, she
made an appointment to see her doctor the next day. By the time of the appointment, her arm was  para lyzed, and she was  febri le, had a
headache, and was  very anxious . Her doctor sent her to the hospi ta l  for a  nuchal  skin biopsy, which was  sent to a  reference laboratory for workup.
The H&E s ta in showed vi ra l  inclus ion bodies  (A, arrows) and DFA (di rect fluorescent antibody test) with vi rus -speci fic antiserum was  pos i tive (B).
With which vi rus  was  this  woman infected?



(A: Courtesy of CDC/Dr Daniel P. Perl, 1971, ID#1958; B: Courtesy of CDC/Dr. Tierkel, ID#6455.)

a. Cytomegalovi rus
b. Eastern equine encephal i ti s  vi rus  (EEEV)
c. Echovirus
d. HSV type 1
e. Rabies  vi rus

93. Kuru was  a  fata l  disease of certa in New Guinea natives  and was  characterized by tremors  and ataxia ; Creutzfeldt–Jakob disease (CJD) i s
characterized by both ataxia  and dementia . CJD has  been accidenta l ly transferred to others  by contaminated growth hormone from human pi tui tary
glands , corneal  transplants , and contaminated surgica l  ins truments . These diseases  are thought to be caused by which of the fol lowing?

a. Cel l  wal l -deficient bacteria
b. Envi ronmenta l  toxins
c. Flagel lates
d. Prions
e. Slow vi ruses

94. Recently, a  recombinant vaccine ba i t to prevent rabies  in raccoons  had been used in wooded suburban communities . This  ba i t uses  a  large
double-s tranded DNA vi rus  that repl icates  in the cytoplasm as  the carrier of the rabies  glycoprotein gene. A woman who was  immunocompromised
found a  ba i t that had broken open and picked i t up to dispose of i t. She subsequently developed les ions  on her hands  11 days  after she handled
the ba i t. What caused these les ions?

(Courtesy of CDC; MMWR 2009;58:1204-1207.)

a. Adenovirus  type 5
b. Echovirus  11
c. Rabies  vi rus
d. Vaccinia  vi rus
e. Variola  (smal lpox) vi rus

95. A 35-year-old man developed headache, nausea, vomiting, and sore throat 8 weeks  after returning from a  trip abroad. He eventual ly refused to
drink water and had episodes  of profuse sa l ivation, di ffi cul ty in breathing, and ha l lucinations . Two days  after the patient died of cardiac arrest, i t
was  learned that he had been bi tten by a  dog whi le on his  trip. Which of the fol lowing treatments , i f given immediately after the dog bi te, could
have helped prevent this  disease?

a. Broad-spectrum antibiotics



b. High-dose acyclovi r
c. IV ribavi rin
d. Rabies  immune globul in plus  rabies  vaccine
e. Tetanus  immune globul in and tetanus  toxoid vaccine

96. A patient who works  in an industria l  setting presents  to his  ophthalmologis t with prominent subconjunctiva l  hemorrhage, periorbi ta l  swel l ing,
and corneal  changes  cons is tent with kerati ti s . The patient reported severe photophobia  and the sensation that something was  in his  eye. Nine
other workers  developed s imi lar symptoms 7 days  later. The di fferentia l  diagnos is  should include infection with which of the fol lowing vi ruses?

a. Adenovirus
b. Epstein–Barr vi rus
c. Parvovi rus
d. Respiratory syncytia l  vi rus
e. VZV

97. A hospi ta l  worker i s  found to be pos i tive for hepati ti s  B surface antigen. Subsequent tests  reveal  the presence of HBeAg as  wel l . Which of the
fol lowing best describes  the worker?

a. Has  a  biologic fa lse-pos i tive test for hepati ti s
b. Is  highly contagious
c. Is  less  contagious
d. Is  not contagious
e. Has  resolved hepati ti s  B

98. An extended fami ly met for a  fami ly reunion in a  rura l  area  of Texas . Al l  reported numerous  mosquito bi tes . One week later severa l  fami ly
members  had headache, nausea, fever, and mala ise. Two developed s ti ff neck and severe headache that resolved over the next 5 days , and an 8-
month-old was  hospi ta l i zed with di ffuse encephal i ti s . Al l  fami ly members  recovered completely except the infant who was  left with a  seizure
disorder. An arbovirus  was  confi rmed as  the etiologic agent by serologic testing of the effected persons . Which of the fol lowing i s  the most l ikely
etiologic agent?

a. Dengue vi rus
b. Lymphocytic choriomeningi ti s  vi rus
c. Rubel la  vi rus
d. Western equine encephal i ti s  vi rus
e. WNV

99. A 2-month-old infant was  admitted to the medica l  center in February for treatment of bronchiol i ti s . An immunofluorescent assay was  pos i tive
for a  respi ratory vi rus . As  the infant was  s truggl ing to breathe, ribavi rin treatment was  s tarted immediately. With which vi rus  was  this  infant
infected?

a. Coxsackievi rus  A
b. HBV
c. HSV
d. Parvovi rus
e. Respiratory syncytia l  vi rus

100. In January, a  74-year-old woman from Iowa i s  brought to the emergency department by her husband. He s tates  that she had recent onset of
high fever and headache. During the las t 2 days , she has  been confused and cannot perform dai ly chores . Shortly a fter arriva l  she suffers  a
seizure. Her phys ica l  examination indicates  some weaknesses  in her left s ide and neck s ti ffness . Magnetic resonance imaging images  show
encephal i ti s  loca l i zed to the right tempora l  lobe. What i s  the most l ikely causative agent?

a. Adenovirus
b. Coxsackievi rus  B
c. HSV type 1
d. Listeria monocytogenes
e. WNV

101. An 8-month-old gi rl  suddenly developed a  high fever (103°F). Her pediatrician examined her and found no s igns  of upper respiratory tract
infection, meningi ti s , or encephal i ti s . Two days  later, the gi rl ’s  fever reached 105°F and she suffered a  febri le seizure. By the time the chi ld was
brought to the pediatrician’s  office, her temperature had dropped. The doctor noted a  genera l i zed papular rash. What was  the doctor’s  most l ikely
diagnos is  for this  chi ld?

a. Erythema infectiosum caused by parvovirus  B19
b. Hand-foot-and-mouth disease caused by Coxsackievi rus  A
c. Meas les  caused by Morbillivirus
d. Roseola  infantum caused by human herpes  vi rus  6
e. Rubel la  caused by rubel la  vi rus

102. A 5-month-old infant, seen in the emergency room in winter, presents  with fever and pers is tent cough with wheezing. Her mother s tates  that
the baby’s  older brother, age 3, had recently had a  runny nose, sore throat, and fever. Phys ica l  examination of the infant revealed tachypnea and
tachycardia ; expiratory wheezes  were heard over both lungs . The baby was  cyanotic and retractions  were observed and a  chest x-ray showed
hyperinflated lung fields . Which of the fol lowing i s  most l ikely the cause of this  infection?

a. Adenovirus
b. Coxsackievi rus
c. Para influenza  vi rus
d. Respiratory syncytia l  vi rus



e. Rhinovirus

103. Which one of the fol lowing groups  of people i s  most l ikely to be at increased ri sk for HIV infection?

a. Sexual  partners  of IV drug abusers  who share needles
b. Receptionis ts  at a  hospi ta l
c. Persons  who received blood transfus ions  in 2013
d. Members  of a  household in which there i s  a  person who i s  HIV-pos i tive
e. Factory workers  whose coworkers  are HIV-pos i tive

104. An obstetrician sees  a  pregnant patient who was  exposed to rubel la  vi rus  in the 18th week of pregnancy. She does  not remember getting a
rubel la  vaccination. Which of the fol lowing i s  the best immediate course of action?

a. Adminis ter rubel la  immune globul in
b. Adminis ter rubel la  vaccine
c. Order a  rubel la  antibody ti ter to determine immune s tatus
d. Reassure the patient because rubel la  i s  not a  problem unti l  a fter the 30th week
e. Terminate the pregnancy

105. Two vi ra l  vaccines  are expected to reduce the incidence of cancers . Which vaccines  are these?

a. Adenovirus  and mumps  vi rus  vaccines
b. HAV and pol iovi rus  vaccines
c. HPV 16/18 and hepati ti s  B vaccines
d. Meas les  vi rus  and rubel la  vi rus  vaccines
e. Rotavi rus  and VZV vaccines

106. A group of heal thcare workers  from the United States  s taffing a  cl inic in India  were working with chi ldren admitted with acute flaccid
para lys is . The i l lness  began with fever, nausea, vomiting, and severe headache fol lowed by neck s ti ffness , muscle pa in and weakness , and
constipation. None of the workers  became i l l  because they had been vaccinated aga inst this  disease. Which vi ra l  vaccine protected these
workers?

a. HAV
b. Meas les  vi rus
c. Pol iovi rus
d. Rubel la  vi rus
e. Yel low fever vi rus

107. A 70-year-old nurs ing home patient refused the influenza  vaccine and subsequently developed influenza, which rapidly progressed to vi ra l
pneumonia , for which she was  hospi ta l i zed. Two days  later, she became profoundly worse, was  hypoxemic on oxygen, and had a  WBC count of
22,000/µL with 80% neutrophi l s . She died of acute pneumonia  1 week after contracting the flu. Which of the fol lowing microorganisms  was  most
l ikely respons ible for her fata l  i l lness?

a. Escherichia coli
b. Klebsiella pneumoniae
c. Legionella pneumophila
d. Listeria monocytogenes
e. Staphylococcus aureus

108. Along with severa l  chi ldren at his  elementary school  who had s imi lar symptoms, a  6-year-old boy was  sent home from school  because his
eyes  were red with a  watery, nonpurulent discharge. He had a  fever of 102°F and compla ined of sore throat. A rapid test for Group A Streptococcus
was  negative and his  doctor told the boy’s  mother that her chi ld would recover within a  week. Which of the fol lowing organisms  was  the most
l ikely cause of his  infection?

a. Adenovirus
b. Chlamydia trachomatis
c. Haemophilus aegyptius
d. HSV type 1
e. Staphylococcus aureus

109. A husband and wi fe performed the yearly spring cleaning of thei r mounta in cabin, located in the southwestern part of the United States . The
woman presented to her phys ician 2 weeks  later with fever, myalgia , headache, and nausea, fol lowed by progress ive pulmonary edema and
respiratory fa i lure. How did she acquire this  vi ra l  infection?

a. Contact with her husband
b. Drinking water in the cabin
c. Inhal ing aerosol i zed rodent excreta
d. Mosquito bi te
e. Tick bi te

110. A 35-year-old profess ional  bus inesswoman notices  the appearance of severa l  hyperkeratotic, wel l -demarcated growths  on the pa lm s ide of
her index finger and on her toe. They do not change in s i ze and cause her only minimal  discomfort. Biopsy of one of the les ions  i s  shown at 40x.
Which of the fol lowing vi ruses  i s  the most l ikely etiologic agent?



(A: File in public domain; obtained from Wikimedia Commons; B: H&E s ta in (40×) of skin biopsy. By Nephron; permission through GNU Free Documentation
License.)

a. Adenovirus
b. HPV
c. Mol luscipoxvi rus
d. Echovirus
e. VZV

111. A 32-year-old gay male went to his  community STD cl inic, where i t was  found that he had perianal  condyloma accuminatum. Phys ica l  removal
was  recommended due to the s i ze of the sess ions  a long with immunomodulatory therapy. Which of the fol lowing drugs  was  most l ikely selected?

a. Acyclovi r
b. 5-Fluorouraci l
c. Imiquimod
d. Podophyl l in
e. Trichloroacetic acid

112. A 7-year-old gi rl  wi th s ickle cel l  anemia  was  brought to her phys ician by her parents  who reported that she seemed to be extremely fatigued
and pa le-looking. They s tated that severa l  of her classmates  had recently had rashes  and bright red cheeks . On examination, the doctor did not
see a  rash, but observed that her conjunctiva , gums, and na i l  beds  were pa le and that she had tachycardia . A CBC revealed that her hemoglobin
level  had fa l len by 2 g/dL from her las t resul t 3 months  ago; her reticulocyte count was  0.05%. From which of the fol lowing i s  this  chi ld suffering?

a. Aplastic cri s i s  from parvovirus  B19 infection
b. Pericardi ti s  caused by Coxsackievi rus  B
c. Gastroenteri ti s  with bleeding caused by Norovirus
d. Exacerbated anemia  from Coltivirus infection
e. Hemorrhagic cysti ti s  caused by BK polyomavirus

113. An infant who appeared heal thy at bi rth developed sensorineura l  hearing loss  within the fi rs t year of l i fe. Vi ra l  cul ture on urine from this
chi ld i s  pos i tive for a  relatively s low-growing vi rus  (3 weeks). With which vi rus  was  this  infant most l ikely infected at bi rth?

a. Cytomegalovi rus
b. HSV type 2
c. Rubel la  vi rus
d. Meas les  vi rus
e. VZV

114. A 6-month-old infant has  had watery diarrhea for 5 days ; he vomited a  couple of times . The s tools  have no blood or pus . He i s  dehydrated. He
has  not been outs ide of Cincinnati , but two other toddlers  who vis i ted for a  day are a lso s ick. What i s  the most l ikely cause of this  chi ld’s
diarrhea?



a. Enterovi rus
b. Norovi rus
c. Rotavi rus
d. Salmonella enterica
e. Staphylococcus aureus enterotoxin

115. Subacute scleros ing panencephal i ti s  (SSPE) begins  with mi ld changes  in personal i ty, behavior and memory, and seizures . The process  i s
progress ive and ends  with dementia  and death. Infection with which vi rus  precedes  SSPE?

a. Epstein–Barr vi rus
b. HIV
c. JC polyomavirus
d. Meas les  vi rus
e. Mumps  vi rus

116. A couple who had been hiking in Utah in May developed fever, myalgias , headache, and pa in behind their eyes . The fever was  present for 3
days , subs ided, and then recurred, las ting 3 days . Their doctor recommended antipyretic therapy and told them they should not donate blood for 6
months . With which vi rus  was  this  couple most l ikely infected?

a. Coltivirus
b. Coxsackievi rus  B
c. Dengue vi rus
d. Sin Nombre hantavi rus
e. Western equine encephal i ti s  vi rus

117. An outbreak of disease caused by a  vi rus  occurred in Uganda, Africa . Cl inica l  mani festations  included hemoptys is  and bleeding from the eyes ,
skin, and gastrointestina l  (GI) tract. The morta l i ty rate exceeded 70%. The vi rus  appeared to be transmitted in the vi l lage by contact with the blood
and bodi ly secretions  of effected individuals ; thus , infections  rates  were higher among those caring for the s ick. Which vi ra l  disease occurred in
this  outbreak?

a. Dengue hemorrhagic fever
b. Ebola  hemorrhagic fever
c. Hantavi rus  pulmonary syndrome
d. West Ni le encephal i ti s
e. Yel low fever

118. A transplant patient who had serologic evidence of previous  Epstein–Barr vi rus  infection was  taking high levels  of immunosuppress ive
medications . He presents  with genera l i zed lymphadenopathy, fever, night sweats , weight loss , abdominal  pa in, and tons i l l i ti s . The dosage of
immunosuppress ive drugs  given to the patient i s  decreased, and the lymphadenopathy regresses . Which of the fol lowing i s  the best diagnos is  for
this  patient?

a. Burki tt lymphoma
b. Hodgkin lymphoma
c. Infectious  mononucleos is
d. Lymphoprol i ferative disorder
e. Nasopharyngeal  carcinoma (NPC)

119. An infant i s  born to an HIV-pos i tive mother who did not receive anti -retrovi ra l  therapy during her pregnancy. The mother’s  HIV vi ra l  load,
tested just before del ivery, was  15,000 copies/mL. Both mother and baby tested pos i tive for HIV antibodies  by rapid testing. Since this  infant i s  at
ri sk of vertica l  transmiss ion of HIV from her mother, the pediatrician decided to treat her prophylactica l ly with a  reverse transcriptase inhibi tor.
Which of the fol lowing i s  the most appropriate choice for prophylaxis?

a. Abacavi r
b. Lopinavi r
c. Nevirapine
d. Ra l tegravi r
e. Zidovudine

120. A 25-year-old woman from East Texas  donated blood in late July. The next day, she ca l led the Blood Center reporting sudden onset of fever,
mala ise, myalgia , and backache. The s taff at the Blood Center noti fied the woman 3 days  later that her blood had tested pos i tive for an arthropod-
borne vi rus . With which vi rus  was  this  young woman infected?

a. WNV
b. St. Louis  encephal i ti s  vi rus
c. Dengue vi rus
d. HSV
e. Coltivirus

121. A 25-year-old graduate s tudent presents  to the loca l  cl inic with fever, mala ise, lymphadenopathy, and pharyngi ti s . His  spleen i s  not enlarged
and a l though there i s  a  predominance of lymphocytes  reported in his  periphera l  smear, the heterophi le antibody test i s  negative. What i s  the
most l ikely etiology of this  s tudent’s  infection?

a. Adenovirus
b. Cytomegalovi rus
c. Epstein–Barr vi rus
d. Parvovi rus  B19
e. Hepati ti s  C vi rus  (HCV)



122. A middle-aged man with a  long his tory of multiple operations  and blood transfus ions  was  diagnosed with chronic hepati ti s  C. He was  then
treated with pegylated interferon-α (IFN-α) and weight-dosed ribavi rin. How does  IFN-α affect HCV?

a. Blocks  vi ra l  envelope fus ion with host cel l  membrane
b. Di rectly inhibi ts  the vi ra l  RNA polymerase
c. Induces  the antivi ra l  s tate in host cel l s  to prevent HCV repl ication
d. Inhibi ts  the vi ra l  protease
e. Interferes  with guanos ine-dependent processes  within the cel l

123. A 35-year-old man presents  with symptoms of jaundice, right upper quadrant pa in, and vomiting. His  ALT i s  elevated. He i s  diagnosed with
HAV infection after eating at a  restaurant where others  were a lso infected. Which of the fol lowing should be done to protect his  68-year-old father
and his  6-month-old son?

a. Adminis ter IFN-α to both
b. Give each one dose of γ-globul in
c. Immunize both with one dose of hepati ti s  A vaccine
d. Quarantine household contacts  and observe
e. No treatment i s  necessary

124. A 42-year-old male AIDS patient presented to the dermatology cl inic for eva luation of skin les ions . He had numerous  plaque-l ike les ions  over
his  arms, chest, and neck. Ora l  examination revealed the les ion shown in the image on his  pa late. What i s  the most l ikely etiologic agent of these
les ions?

(Courtesy of CDC/Sol Silverman Jr, DDS, University of California, San Francisco 1987; ID#6070.)

a. Bartonella henselae
b. Human herpesvi rus  8
c. HPV
d. Human T-cel l  leukemia  vi rus
e. Staphylococcus aureus

125. Latent infection of neurons  occurs  with which of the fol lowing vi ruses?

a. Adenovirus
b. Epstein–Barr vi rus
c. HSV
d. Meas les  vi rus
e. Rabies  vi rus

126. On November 6, a  patient had the onset of an i l lness  characterized by fever, chi l l s , headache, cough, and chest pa in. The i l lness  las ted 1
week. On December 5, she had another i l lness  very s imi lar to the fi rs t, which las ted 6 days . She had no influenza  immunization during this  period.
Her hemagglutination inhibi tion antibody ti ters  to nH1N1 influenza  vi rus  were as  fol lows:

November 6: 10     November 30: 10     December 20: 160

There was  no laboratory error. Which of the fol lowing i s  the best conclus ion from these data?
a. The patient was  i l l  wi th influenza  on November 6
b. The patient was  i l l  wi th influenza  on December 5
c. The patient was  i l l  wi th influenza  on December 20
d. It i s  imposs ible to relate ei ther i l lness  with the nH1N1 influenza  vi rus

127. Recently, a  new dsDNA nonenveloped vi rus  has  been associated with a  human cancer. The vi ra l  genome was  found to be integrated into the
host chromosome of cel l s  in an aggress ive skin cancer, Merkel  cel l  carcinoma. To which genus  does  this  new vi rus  belong?



a. Alphavirus
b. Erythrovirus
c. Orthohepadnavirus
d. Polyomavirus
e. Rotavirus

128. A touris t who recently returned from a  Caribbean cruise suddenly develops  fever, headache, pa in behind her eyes , severe joint, bone, and
muscle pa in, and a  maculopapular rash. The ship had made numerous  s tops  at various  i s lands  to a l low exploratory trips . The touris t reported
s igni ficant encounter with mosquitoes  at one of the s tops . Which of the fol lowing i s  the most l ikely diagnos is?

a. Dengue
b. Hemorrhagic fever with renal  syndrome
c. Hepati ti s  C
d. Rubel la
e. Yel low fever

129. A 30-year-old female who had a  his tory of serious  i l lness  requiring surgery and infus ion of multiple blood products  developed fever, nausea,
and jaundice. Her condition has  continued for 2 years  as  a  cl inica l ly mi ld disease with fluctuating levels  of bi l i rubin and l iver enzymes. Recent
blood chemistry testing showed her serum aspartate aminotransferase (AST) to be 352 U/L, ALT 512 U/L, and tota l  bi l i rubin 4.5 mg/dL. Which of the
fol lowing best characterizes  the vi rus  most l ikely caus ing her i l lness?

a. DNA vi rus  belonging to the Hepadnaviridae
b. ss (+)RNA vi rus  belonging to the Hepeviridae
c. ss (+)RNA vi rus  belonging to the Picornaviridae
d. ss (+)RNA vi rus  belonging to the Flaviviridae
e. ss (-)RNA vi rus  known as  Deltavirus

130. An IV-drug user discovered that a  friend with whom he shared needles  for injections  was  diagnosed with vi ra l  hepati ti s . He had his  blood
drawn at the loca l  publ ic hea l th cl inic and tested for HBV. Which of the fol lowing markers  i s  usual ly the fi rs t vi ra l  marker detected after infection
with HBV?

a. HBcAg
b. HBeAg
c. HBsAg
d. HBeAg IgG
e. HBcAg IGM

131. A 55-year-old woman who had immigrated 30 years  ago to the United States  from Dominica  in the Caribbean presented with cutaneous
les ions  and hepatosplenomegaly. She was  hyperca lcemic, had lymphocytos is , and bone les ions  were demonstrated on x-ray. Periphera l  smear
showed cloverleaf lymphocytes , cons is tent with acute T-cel l  leukemia  (CD4+ lymphocytes ), in which a  provi rus  was  found. Which vi rus  i s  most
l ikely respons ible for her disease?

a. HIV-1
b. HIV-2
c. HTLV-1
d. HTLV-2

132. A 19-year-old male presented to his  fami ly phys ician compla ining of severe pa in in his  eye and intolerance to l ight. His  eye was  red and
tearing. Ophthalmic visua l i zation revealed coalescing dendri tic ulcers  in his  right eye that were eas i ly seen with fluorescein s ta ining of the
cornea. The patient s tated that he does  not wear contact lenses , and that he had never had fever bl i s ters ; his  mother to corroborated this . What i s
the most l ikely etiologic agent of his  ulcer?

(Courtesy of HK Yang et al, Department of Ophthalmology, Seoul National University College of Medicine, Seoul, Korea, 30 August 2012. Permission licensed under
the Creative Commons Attribution 2.5 Generic license.)



a. Acanthamoeba
b. Foreign body
c. Fusarium
d. HSV type 1
e. Severe a l lergy

133. Reactivation of VZV i s  known to occur in persons  receiving immunosuppress ive therapy. Which of the fol lowing i s  the best antivi ra l  for
treating this  infection?

a. Amantadine
b. Boceprevi r
c. Ribavi rin
d. Va lacyclovi r
e. Zidovudine

134. An infant with microcephaly, jaundice, and hepatosplenomegaly was  a lso smal l  for gestation, and had thrombocytopenia . Radiology of the
neonate’s  head revealed intracrania l  ca lci fi cations . Which one of the fol lowing vi ruses  most l ikely caused these congenita l  mal formations?

a. Rubel la  vi rus
b. Respiratory syncytia l  vi rus
c. HIV
d. Mumps  vi rus
e. Cytomegalovi rus

135. A 32-year-old woman who had not received the usual  pediatric vaccinations  developed fever, headache, mala ise, and ear pa in accompanied
by swel l ing of the parotid glands . One week later, her fever subs ided but she developed pelvic pa in and tenderness . With which vi rus  was  she
infected?

a. Cytomegalovi rus
b. Mumps  vi rus
c. Rabies  vi rus
d. Respiratory syncytia l  vi rus
e. Rubel la  vi rus

136. Worldwide 3 to 5 mi l l ion cases  of severe influenza  i l lnesses  and 250,000 to 500,000 deaths  occur annual ly. Great effort i s  made annual ly to
prepare influenza  vaccines  aga inst ci rculating s tra ins  of Influenzavirus A and B. Yet, in some years , the vaccine i s  less  effective in neutra l i zing the
vi rus  even though the ci rculating s tra ins  are the same type as  that from the previous  year; that i s , both are H1N1 or both are H2N3. Which of the
fol lowing mechanisms  i s  respons ible for this  problem?

a. Antigenic dri ft
b. Antigenic shi ft
c. Complementation
d. Intramolecular recombination
e. Phenotypic mixing

137. A vis i tor from rura l  Mexico vis i ted the United States  and was  admitted to a  hospi ta l  a fter being diagnosed with probable rabies . Which of the
fol lowing i s  the best representation of his  prognos is?

a. He should survive without compl ications
b. He should survive but have seizures  for l i fe
c. He has  a  50% chance of surviva l  i f aggress ive therapy i s  ins ti tuted
d. Rabies  i s  a lmost invariably fata l

138. Al though vaccination with l ive, attenuated, or ki l led vi ra l  vaccines  has  been the most effective way of control l ing vi ra l  disease in the
population, common colds  remain widespread because of the multiple serotypes  identi fied. Which of the fol lowing vi ruses  represents  this
problem?

a. Cytomegalovi rus
b. Mumps  vi rus
c. Rabies  vi rus
d. Respiratory syncytia l  vi rus
e. Rhinovirus

139. A 3-year-old gi rl  who was  in day care presented with sudden onset of fever, nausea, vomiting, and anorexia . Her sclera  were yel low and her
abdomen was  tender to pa lpation. Blood chemistries  showed an AST of 640 U/L and ALT was  520 U/L. Previous ly, two other chi ldren had had
s imi lar symptoms. Which of the fol lowing tests  would be most l ikely to reveal  the etiology of her hepati ti s?

a . Vi ra l  cul ture of s tool
b. Test for hepati ti s  B surface antigen
c. Electron microscopy on s tool  specimen
d. Detection of rotavi rus  antigen
e. Anti -HAV IgM

140. In January, two school  dis tricts  saw a  sudden increase in absences . At the same time, sa les  of over-the-counter medications  for fever, cough,
and cold symptoms increased dramatica l ly. To determine the etiology of this  outbreak of respi ratory i l lness , the publ ic hea l th department
conducted a  survey of loca l  phys icians  to see what types  of patients  they were currently seeing most. The doctors  a l l  reported increased numbers
of patients  compla ining of abrupt onset of high fever, severe headache, and myalgia  fol lowed by sore throat, dry cough, weakness , and severe



fatigue. The patients  were i l l  for 3 to 5 days , but many reported pers is tent mala ise. What i s  the most l ikely diagnos is  for this  outbreak?

a. Common cold
b. Hand-foot-and-mouth disease
c. Influenza
d. Pharyngi ti s
e. Pneumonia

141. A vaccine aga inst Morbillivirus (meas les  vi rus ), introduced in 1963, has  decreased the incidence of meas les  from an expected event in the l i fe
of every chi ld to 50 to 200 cases  per year in the United States . Which of the fol lowing best characterizes  the vaccine that has  dramatica l ly reduced
the incidence of this  disease in the United States?

a. Inactivated vi rus
b. Live attenuated vi rus
c. Recombinant vi ra l  protein
d. Vi rus -speci fic immunoglobul in
e. Wi ld-type l ive vi rus

142. A newlywed couple was  surprised to find that both experienced geni ta l  herpes  les ions  in thei r fi rs t year of marriage. Both were given an
antivi ra l  that i s  activated only in infected cel l s . Which of the fol lowing i s  the vi ra l  enzyme respons ible for activation of the drug of choice for this
infection?

a. DNA-dependent DNA polymerase
b. Integrase
c. Protease
d. RNA-dependent RNA polymerase
e. Thymidine kinase

143. A neonate born to a  woman with chronic hepati ti s  B infection i s  at great ri sk of contracting the vi rus  and subsequently becoming a  chronic
carrier of HBV. Which of the fol lowing i s  the best approach to preventing the neonate becoming infected?

a. Give hepati ti s  B immunoglobul in (HBIg) at bi rth
b. Give HBIg at 6 months , when maternal  antibodies  have diminished
c. Immunize with recombinant HBV vaccine (rHBV) at bi rth
d. Immunize with rHBV at 1 year
e. Give HBIg and immunize with rHBV vaccine at bi rth

144. Twenty days  after contact with an individual  with an acute disease presentation, a  12-year-old gi rl  has  fever (low grade), mala ise, and a  rash
composed of crops  of ves icles  that las ts  5 days . This  common chi ldhood disease i s  caused by which of the fol lowing vi ruses?

a. Adenovirus
b. Cytomegalovi rus
c. HPV
d. Meas les  vi rus
e. VZV

145. Over 400 mi l i tary recrui ts  undergoing bas ic tra ining experienced an acute respiratory disease outbreak in thei r second month of camp. Most
had high fever and sore throats  with coughing; 27 developed pneumonia , five severe enough to require intens ive care, and one died. Which of the
fol lowing agents  i s  the most l ikely cause of this  outbreak?

a. VZV
b. Rotavi rus
c. Papi l lomavirus
d. Cytomegalovi rus
e. Adenovirus

146. Which of the fol lowing genetic disorders  predisposes  patients  to widespread HPV infection and cutaneous  squamous  cel l  carcinoma?

a. Epidermodysplas ia  verruci formis
b. Fami l ia l  adenomatous  polypos is
c. Li–Fraumeni  syndrome
d. NPC
e. Xeroderma pigmentosum

147. A 9-month-old gi rl , who has  never been vaccinated, presents  with a  3-day his tory of fever and watery, nonbloody diarrhea. On phys ica l
examination, she appears  dehydrated. Which of the fol lowing describes  the genome of the most l ikely infecting organism?

a. Double-s tranded DNA
b. Single-s tranded DNA
c. Segmented s ingle-s tranded minus-sense RNA
d. Nonsegmented s ingle-s tranded plus -sense RNA
e. Segmented double-s tranded RNA

148. A 20-year-old col lege footbal l  player presented himsel f to the loca l  emergency medicine department compla ining of headache, fever, and
mala ise for 2 weeks  and now a  sore throat. The phys ician noted enlarged lymph nodes  and hepatosplenomegaly. Laboratory tests  found
increased number of atypica l  lymphocytes  and a  reactive heterophi le antibody test. The phys ician advised him not to play footbal l  unti l  his
symptoms had resolved. What i s  the best explanation for this  advice?



a. To avert heat exhaustion
b. To avoid rupture of his  spleen
c. To prevent malnutri tion
d. To s tave off an aplastic cri s i s

149. A humanitarian heal thcare worker deployed in emergency to Darfur, Sudan, forgot to use insect repel lant. Four days  after being bi tten severa l
times  by mosquitoes , he developed fever, chi l l s , headache, back ache, and muscle aches . Two days  later, he suffered a  nosebleed and noticed his
s tools  were black. The next day, he was  jaundiced and vomited black materia l . Despi te supportive care, he developed organ fa i lure and died.
What was  the cause of this  patient’s  death?

a. Dengue hemorrhagic shock
b. Hantavi rus  cardiopulmonary syndrome
c. Hemorrhagic fever with renal  syndrome
d. SARS
e. Yel low fever

150. A patient who had not been vaccinated aga inst influenza  has  hem-agglutination inhibi tion ti ters  aga inst influenzavi rus  A as  fol lows: acute =
10, convalescent = 80. Which of the fol lowing i s  the correct conclus ion concerning this  patient?

a. No infection
b. Primary infection
c. Anamnestic response
d. Past infection

151. A 10-year-old boy in a  malaria l  area  of Africa  was  diagnosed with a  poorly di fferentiated B-cel l  tumor of the jaw that was  characterized by a
trans location of the c-myc oncogene, t(8:14). The boy a lso has  an elevated antibody ti ter to a  speci fic vi ra l  early antigen with a  restricted pattern of
fluorescence. This  disease i s  caused by which of the fol lowing?

a. Borrelia burgdorferi
b. Chlamydia trachomatis
c. Cytomegalovirus
d. Epstein–Barr vi rus
e. HSV

152. A 55-year-old Chinese man in southern China  sought medica l  help due to a  serious  oti ti s  media , which was  related to obstruction of his
Eustachian tubes . Medica l  examination and laboratory testing resul ted in a  diagnos is  of NPC. Which of the fol lowing vi ruses  may be detected by
the PCR in a  variety of cel l s  of patients  with this  type of carcinoma?

a. Epstein–Barr vi rus
b. Meas les  vi rus
c. Mumps  vi rus
d. Parvovi rus  B19
e. Rubel la  vi rus

153. A patient with HIV infection that has  progressed to AIDS had been treated previous ly for cytomegalovi rus  pneumonia . For which additional
CMV disease would this  patient a lso be at ri sk?

a. Aplastic cri s i s
b. Kidney fa i lure
c. Retini ti s
d. Reye syndrome
e. SSPE

154. An estimated 6.2 mi l l ion new HPV infections  occur annual ly in the United States . The peak incidence occurs  in adolescents  and young adults
under 25 years  of age. Which of the fol lowing specimens  i s  best for screening for the presence of HPV infection of the cervix?

a. DNA molecular probe for HPV genomes
b. HPV-speci fic antibodies
c. Pap smear on cel l s  from cervix for koi locytes
d. PCR for HPV DNA
e. Vi ra l  cul ture for HPV

155. A bus iness  man who contracted dengue in the Phi l ippines  during a  bus iness  trip in 2011 took his  fami ly to the Caribbean for a  vacation in
2012. The enti re fami ly was  plagued with mosquito bi tes  whi le walking early one morning. Four days  later, the man, his  wi fe, and their 17-old-
daughter experienced sudden onset of fever of 103 to 104°F, chi l l s  and severe head, back, and muscle aches . He had pa in behind his  eyes . Their
12-year-old son had s imi lar symptoms but lessened in intens i ty, whi le thei r 6-year-old daughter had fever that broke and returned and a  rash.
Their fevers  las ted 3 to 4 days  with onset of rash in a l l . Shortly a fter thei r fevers  subs ided, the man and the 6-year-old developed abdominal  pa in,
petechiae, and bleeding gums. What compl ication did this  man and chi ld develop?

a. Acute respiratory dis tress  syndrome
b. Dengue hemorrhagic fever
c. Encephal i ti s
d. Gui l la in–Barré syndrome
e. Secondary bacteria l  infection

156. A 16-year-old male developed chest pa in and dyspnea, which gradual ly worsened. He was  examined in the Emergency Department where
tachycardia  and s igns  of heart fa i lure were noted. Electrocardiographic changes  were seen and chest x-ray revealed cardiomegaly. An enterovi rus



was  i solated from a  s tool  specimen. Which of the fol lowing was  the agent most l ikely i solated?

a. Coxsackievi rus  A
b. Coxsackievi rus  B
c. Echovirus  11
d. Enterovi rus  70
e. Pol iovi rus  3

157. A 38-year-old woman has  developed crops  of ves icular les ions . After 3 days , she developed pneumonia  and was  hospi ta l i zed. Which of the
fol lowing would be most l ikely to be present in lung cel l s  obta ined by bronchoalveolar biopsy?

a. Cowdry A inclus ion bodies
b. Guarnieri  bodies
c. Koi locytes
d. Negri  bodies
e. Owl ’s  eye cel l s

158. A patient diagnosed with influenza  reported onset of symptoms 18 hours  ago. Which of the fol lowing i s  the most appropriate treatment for
this  patient?

a. Amantadine
b. Foscarnet
c. Osel tamivi r
d. Ribavi rin
e. Zidovudine

159. A group of 15 young col lege s tudents  harvested oysters  from a  bay near Galveston despi te a  warning s ign that the area  was  contaminated
with sewage. Ten ate the oysters  raw. Twenty-five days  later, s ix of them presented to thei r phys icians  with sudden onset of acute jaundice and
l iver function abnormal i ties . Which of the fol lowing i s  the most l ikely cause of thei r infections?

a. HAV
b. HBV
c. HCV
d. HDV
e. HEV

160. An 18-month old developed acute gastroenteri ti s  with fever and watery diarrhea that las ted 10 days . She had been vaccinated aga inst rota-
vi rus  at 2 and 4 months  of age as  recommended. Eight days  later, both of her brothers , ages  3 and 6, developed acute gastroenteri ti s . Which of the
fol lowing tests  would most l ikely reveal  the etiologic agent of thei r gastroenteri ti s?

a . Cul ture for Norovirus
b. DFA for enterovi rus  on intestina l  biopsy
c. EIA for adenovirus  40/41
d. EM examination of s tool  for as trovi rus
e. Serology for Rotavirus

161. An outbreak of diarrhea in a  day care center i s  suspected to be of rotavi ra l  origin. Which test i s  most appropriate to diagnose this  outbreak?

a. Cul ture
b. EIA
c. Electron microscopy
d. His tologic examination of biopsy
e. Serology

162. Adults  and chi ldren experienced an outbreak of diarrhea with nausea and vomiting whi le aboard a  cruise ship in the Caribbean. The
causative agent was  detected by EIA testing. Which vi rus  l i s ted below was  most l ikely respons ible for this  outbreak?

a. Adenovirus  40/41
b. Astrovirus
c. HAV
d. Norovirus
e. Rotavirus

163. An outbreak of diarrhea occurred among elderly patients  in an ass is ted care faci l i ty, which had been repeatedly ci ted by the publ ic hea l th
department for poor hygiene practices . The agent that caused the infections  had a  s tarl ike morphology in electron micrographs . EIA tests  for
severa l  agents  of vi ra l  gastroenteri ti s  were negative. Which vi rus  was  most l ikely respons ible for this  outbreak?

a. Adenovirus  40/41
b. Astrovirus
c. HAV
d. Norovirus
e. Rotavirus

164. A young refugee from Afghanis tan developed mi ld fever, cervica l  lymphadenopathy, and a  rash that began on her face and spread downward
over her trunk. After 3 days , the rash disappeared. She had not been immunized aga inst any infections  except diphtheria  and tetanus . What i s  the
best diagnos is  for this  chi ld?

a. Chickenpox



b. Erythema infectiosum
c. Meas les
d. Hand-foot-and-mouth disease
e. Rubel la

165. A 57-year-old man diagnosed previous ly with chronic hepati ti s  C i s  being treated for his  infection. Which of the fol lowing tests  i s  the best to
evaluate his  therapy for an early vi rologic response?

a. HCV IgG
b. HCV IgM
c. HCV RNA level
d. Liver biopsy
e. Serum ALT levels

166. A 45-year-old man with active chronic hepati ti s  B infection i s  being treated to reduce l iver inflammation and fibros is  and to prevent
progress ion to ci rrhos is . He i s  HBeAg-pos i tive and had begun a  48-week course of pegylated IFN-α, but he was  unable to tolerate the s ide effects .
Which of the fol lowing would be the best antivi ra l  to treat this  patient?

a. Acyclovi r
b. Foscarnet
c. Ribavi rin
d. Tenofovi r
e. Zidovudine

167. Two weeks  after a  series  of mid-July thunderstorms  resul ted in an explos ion of the mosquito population, a  10-year-old boy l iving on a  farm in
southern Minnesota  was  brought to the emergency room by his  parents . He has  a  2-day his tory of fever, headache, and vomiting, but today he
appeared confused. His  cerebrospina l  fluid was  clear with 100 WBC (75% lymphocytes ) and a  head CT was  normal . Enterovi rus  infection was
quickly ruled out by PCR testing. Which of the fol lowing i s  the most l ikely cause of his  symptoms?

a. La  Crosse vi rus
b. Pol iovi rus
c. Rabies  vi rus
d. St. Louis  encephal i ti s  vi rus
e. Venezuelan equine encephal i ti s  vi rus

168. Which of the fol lowing would be present in a  neonate with congenita l  rubel la  syndrome (CRS) but not in a  neonate with cytomegal ic inclus ion
disease (congenita l  CMV infection)?

a. Intrauterine growth retardation
b. Hepatosplenomegaly
c. Menta l  retardation
d. Patent ductus  arteriosus
e. Sensorineura l  hearing loss

169. Vi ruses  have various  ways  of entering the human body and producing disease. Which of the fol lowing descriptions  accurately describes  the
route of transmiss ion and target disease for the vi rus  indicated?

a. Coronavirus : feca l–ora l ; peptic ulcers
b. Echovirus : feca l–ora l ; aseptic meningi ti s
c. HIV: respi ratory droplet; anemia
d. Influenzavi rus : blood-borne; maculopapular rash
e. Rabies  vi rus : rodent-borne; pneumonia

170. A 68-year-old man from centra l  Ca l i fornia  who l iked to s i t in the park and doze developed fever, headache, muscle weakness , and nausea and
vomiting. His  muscle weakness  progressed, and he was  admitted to the hospi ta l  with acute flaccid para lys is . No foca l  les ions  were seen on MRI.
After a  prolonged hospi ta l  s tay, he was  discharged to a  rehabi l i tation center where he rega ined function. With which vi rus  was  this  man most
l ikely infected?

a. WNV
b. St. Louis  encephal i ti s  vi rus
c. Pol iovi rus
d. HSV
e. Coltivirus

171. An immunocompromised patient presented with a  progress ive cerebra l  deterioration evidenced by di ffi cul ty speaking, memory loss , and loss
of coordination that led to para lys is . An MRI revealed les ions  in the white matter; bra in biopsy revealed foci  of demyel ination, as trocytos is , and
nuclear inclus ion bodies  within ol igodendrocytes . Normal  CSF findings  (cel l  count, glucose, protein) were present, but vi ra l  DNA was  found in the
CSF by PCR. Which of the fol lowing vi ruses  causes  i s  the etiologic agent of this  patient’s  disease?

a. HPV
b. JC polyomavirus
c. Prion variant CJD
d. Meas les  vi rus
e. WNV

172. An i rri table 18-month-old toddler with fever and bl i s ter-l ike ulcerations  on mucous  membranes  of the ora l  cavi ty refuses  to eat
(representative image, left). The symptoms worsen and then s lowly resolve over a  period of 2 weeks . Six months  later, the chi ld develops  a  s ingle



ves icular les ion that resolves  in 6 days  (representative image, right); she does  not have fever. Which of the fol lowing scenarios  i s  most l ikely?

(A: Courtesy of CDC/Robert E. Sumpter, 1987, ID#12616; B: Courtesy of CDC/Dr. Herrmann, 1964, ID#5434.)

a. The vi rus  wi l l  remain latent in the trigeminal  gangl ia
b. The ves icular les ions  wi l l  not recur
c. The chi ld wi l l  develop Gui l la in–Barré syndrome
d. The chi ld wi l l  develop hepatocel lular carcinoma later in l i fe
e. The chi ld wi l l  develop SSPE

173. A sexual ly active 17-year-old man presents  to the loca l  free cl inic to check some smal l  papules  that appeared on his  penis . The papules  are
smal l , white les ions  with a  centra l  depress ion. There i s  no discharge or pa in on urination. What i s  the vi rus  most l ikely caus ing these les ions?

a. Adenovirus
b. Coxsackievi rus  A
c. HPV type 6
d. Molluscipoxvirus
e. Orf vi rus

174. A 3-month-old infant born at prematurely at 30 weeks  of gestation i s  in the neonata l  intens ive care uni t in November. The fi rs t cases  of
respiratory syncytia l  vi rus  have been diagnosed in the ci ty. Which of the fol lowing may be given to this  infant as  prophylaxis  to prevent respi ratory
syncytia l  vi rus  (RSV) infection?

a. IFN-α
b. Pa l ivi zumab
c. Pooled immunoglobul in
d. Ribavi rin
e. Ri tuximab

175. Malnourished chi ldren are at ri sk for compl ications  of meas les , leading to greater morbidi ty and morta l i ty. Which of the fol lowing should be
given to chi ldren to reduce these ri sks?



a. Vi tamin A
b. Vi tamin B
c. Vi tamin C
d. Vi tamin D
e. Vi tamin E

176. Which of the fol lowing immune responses  i s  required to prevent target infection by pol iovi rus , EEEV, and La  Crosse vi rus?

a. Complement activation
b. Cytotoxic T cel l s  speci fic for the vi rus
c. Natura l  ki l ler cel l s
d. Neutra l i zing IgG speci fic for the vi rus
e. Neutrophi l s

177. A 45-year-old woman l iving in Washington, DC, had been compla ining to her landlord about mice in her apartment. A week ago, she suffered
flu-l ike symptoms accompanied by swol len lymph nodes  and a  rash, which had resolved over 5 days . Four days  later, she developed a  severe
headache and other s igns  of vi ra l  encephal i ti s . She reported no contact with mosquitoes . With which vi rus  was  she most l ikely infected?

a. La  Crosse vi rus
b. Lassa  fever vi rus
c. Lymphocytic choriomeningi ti s  vi rus
d. Sin Nombre hantavi rus
e. Western equine encephal i ti s  vi rus

178. An elderly man had been in severa l  mi l i tary confl i cts  during the early 1980s  and received blood transfus ions  for injuries . He recently
consul ted his  phys ician for what was  diagnosed as  cryoglobul inemia  and glomerulonephri ti s . Additional  testing revealed that he was  infected by
a  flavivi rus  whose transmiss ion was  bloodborne. Which of the fol lowing vi ruses  was  involved in this  infection?

a. HAV
b. HBV
c. HCV
d. HDV
e. HEV

179. An outbreak of influenza  occurred in a  rura l  community. Since influenza  can be treated i f therapy i s  begun within 48 hours  of onset of
symptoms, speci fic detection of the vi rus  i s  important. Which of the fol lowing tests  l i s ted i s  the most rapid for detection of influenza  vi ruses?

a. Cold agglutinin test
b. Cul ture of respi ratory secretions  on monkey kidney cel l s
c. Detection of influenza  antigen in respi ratory secretions
d. Electron microscopy of sputum
e. Pa i red sera  for speci fic antibody response



Answers

64. The answer is d. (Levinson, Ch 39, 43, 45. Murray, Ch 62. Ryan, Ch 18.) Reverse transcriptase (RT) PCR for HIV RNA (d) has  recently been shown to be
the most va luable test for diagnos is  of acute HIV infection (acute retrovi ra l  syndrome) during the window period before antibodies  can be
detected. This  qual i tative test for detection of HIV vi rions  i s  pos i tive at the time symptoms of acute infection appear, as  early as  7 days
postinfection; the test i s  a l so pos i tive in asymptomatic individuals  and i s  used to screen donated blood. The test for HIV p24 antigen (c) i s  the
next to become pos i tive, 17 to 38 days  after infection. Antibodies  appear las t at 21 to 42 days  (3 to 6 weeks) postinfection. Whi le there i s  some
di fference in the time to pos i tivi ty of the various  types  of HIV antibody tests , the HIV antibody test by ELISA (b) would be no more l ikely to be
pos i tive this  early than the latex aggregation test. The western blot for HIV antibodies  (e) i s  used to confi rm pos i tive screening tests  for
antibodies . The CD4 T-cel l  count (a) i s  used to assess  s tatus  of the immune system, determine the timing for treatment, suggest the l ikel ihood of
onset of various  opportunis tic infections , and monitor progress  response of the immune system to treatment. The count i s  unl ikely to be
decreased at 2 weeks  postinfection a l though a  drop does  coincide with the peak of vi remia.

65. The answer is b. (Levinson, Ch 38. Murray, Ch 53. Ryan, Ch 10.) Parvovi rus  B19 (b) i s  the causative agent of erythema infectiosum (fi fth disease). The
infection occurs  in two phases . Fi rs t i s  the lytic, infectious  phase characterized by nonspeci fic flul ike symptoms (fever, chi l l s , headache, and
myalgia) that las ts  about a  week. This  accompanied by a  decrease in reticulocyte count and hemoglobin, which i s  not usual ly noticed in heal thy
chi ldren and adults . The second phase begins  a  week later when vi rus -speci fic IgG antibody appears  and includes  the characteris tic “s lapped
cheek” appearance and lacy reticular rash. Adults  often develop polyarthropathy or arthra lgia . The rash and arthropathy are due to ci rculating
antigen–antibody complexes . The rashes  of rubel la  vi rus  (c) and rubeola  vi rus  (meas les  vi rus ) (d) occur in conjunction with fever. The les ions
produced by HSV1 (a) and VZV (e) are ves icular in nature.

66. The answer is a. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) This  patient has  ei ther primary or recurrent HSV-2. Primary infections  are
asymptomatic in 75% of patients  making these infections  respons ible for the majori ty of the neonata l  HSV infections . Women with recurrent
infections  who have antibodies  to HSV-2 are less  l ikely to transmit HSV to thei r neonates  during bi rth. Currently (2007), the American Col lege of
Obstetricians  and Gynecologis ts  recommend that cesarean del ivery (a) i s  indicated in women with active geni ta l  les ions  at onset of labor
(parturi tion). Additional ly, such women should be offered antivi ra l  therapy at 36 weeks  of gestation or beyond. Internal  feta l  monitoring (b) and
rupture of the membranes  to speed del ivery (c) should not be done when active HSV les ions  are present; and i f poss ible, vagina l  del ivery (d)
should be avoided. If this  i s  not poss ible, the pediatrician should be noti fied regarding the mother’s  active HSV.

67. The answer is b. (Guidelines for the Use of Antiretroviral Agents in HIV-1 Infected Adults and Adolescents. Katzung, Ch 49. Levinson, Ch 39, 43, 45. Murray, Ch
62. Ryan, Ch 18. Schneider E et al.) The image shows  acute ora l  pseudomembranous  candidias is  or thrush, one of the opportunis tic infections  that
occur in persons  with CD4 T-cel l  counts  between 200 and 500/µL. At CD4 counts  lower than 200/µL, Candida becomes  chronic and more invas ive,
extending into the esophagus . The Centers  for Disease Prevention and Control  s trongly recommends  that a l l  HIV-pos i tive individuals  be treated
with highly active antivi ra l  therapy (HAART), especia l ly when their CD4 T-cel l  counts  fa l l  below 350/mµL
(http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5710a2.htm) or i f the patient i s  pregnant or has  certa in other concomitant conditions . The
recommended regimens  for treatmentnaïve individuals  includes  two nucleos ide reverse transcriptase inhibi tors  (NRTI) plus  one nonnucleos ide
RTI; or two NRTI plus  a  ri tonavi r-boosted protease inhibi tor (PI); or two NRTI plus  one integrase inhibi tor; a  fi fth regimen cons is ts  of three NRTI.
The combination of drugs  works  together to foresta l l  appearance of res is tance. The combination of efavi renz plus  tenofovi r plus  emtrici tabine (b),
one NNRTI plus  two NRTI, respectively, meets  the recommendations . Abacavi r (a ), a  NRTI that requires  HLA-B*5701 testing prior to use i f at a l l
poss ible; nevi rapine (e), a  NNRTI; and darunavir boosted with ri tonavi r (c), both PI, should never be used a lone. Maravi roc plus  enfuvi rtide plus
ra l tegravi r (d), the CCR5 inhibi tor, fus ion inhibi tor, and integrase inhibi tor, respectively, are used for sa lvage therapy fol lowing vi rologic fa i lure or
when res is tance i s  present to many NRTI, NNRTI, and PI; a l though not necessari ly together. The diagram shows  the s i te of action of the ava i lable
anti retrovi ra ls .

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5710a2.htm


Si tes  of action of anti retrovi ra l  drugs  and the classes  to which they belong. (Prepared by Jane Colmer-Hamood in Microsoft PowerPoint.)

68. The answer is e. (Beckwith. Levinson, Ch 39, 43, 45. Murray, Ch 62. Ryan, Ch 18.) Patients  often improve rapidly on appropriate HAART; thei r CD4
lymphocyte counts  increase and their HIV vi ra l  loads  are drastica l ly reduced, often to less  than 50 copies  per mi l l i l i ter. These two changes  are
indicative of the fact that the anti retrovi ra l  therapy has  been effective (e). Whi le her ri sk of contracting some opportunis tic infections , such as
esophagi ti s  caused by Candida albicans or cytomegalovi rus , Cryptococcus neofor-mans meningi ti s , Toxoplasma gondii encephal i ti s , or Cryptosporidium
parvum diarrhea, has  lessened, she i s  s ti l l  a t ri sk for other opportunis tic infections . These include polydermatomal  VZV (shingles ), acquis i tion or
reactivation of Mycobacterium tuberculosis, ora l  ha i ry leukoplakia  caused by Epstein–Barr vi rus , and C. albicans pharyngi ti s  (thrush), as  wel l  as
recurrent bacteria l  pneumonia . Thus , choice (a), the patient i s  no longer in danger of opportunis tic infections , i s  incorrect. Whi le she may have an
excel lent 5-year prognos is  (b), that cannot be s tated at this  time. The patient’s  HIV screening test (c) should remain pos i tive unti l  la te in AIDS,
when antibody levels  do drop off. The patient s ti l l  has  vi ra l  RNA present and must be cons idered infectious , so choice (d) i s  incorrect; even i f her
HIV RNA drops  to undetectable levels , she could s ti l l  harbor the vi rus  within macrophages , dendri tic cel l s , or other cel l s  within her body.

69. The answer is c. (Beckwith. Levinson, Ch 39, 43, 45. Murray, Ch 62. Ryan, Ch 18. Schneider.) Current cri teria  for HIV infection require a  pos i tive resul t
from an HIV antibody screening test confi rmed by a  pos i tive resul t from a  western blot or indi rect immunofluorescence assay for HIV antibodies ;
or a  pos i tive resul t or report of a  detectable quanti ty of HIV nucleic acid, HIV p24 antigen, or HIV i solation
(http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5710a1.htm). Then, as  s tated in the revised case defini tions : “A confi rmed case meets  the
laboratory cri teria  for diagnos is  of HIV infection and one of the four HIV infection s tages  (s tage 1, s tage 2, s tage 3, or s tage unknown).” The s tages
are outl ined in the table below.

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5710a1.htm


70. The answer is d. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) The patient has  infectious  mononucleos is  (IM) caused by Epstein–Barr vi rus  (d);
the key being the pos i tive monospot test (heterophi le antibody test). CMV (b) can a lso cause a  mononucleos is  syndrome, but the mono-spot
would be negative. In the case of heterophi le (monospot)-negative IM, tests  for antibodies  for CMV and for speci fic EBV proteins  (vi ra l  caps id
antigen, early antigen, and nuclear antigen) should be done. Not a l l  persons  develop heterophi le antibodies , especia l ly chi ldren and older
adults ; and these antibodies  are trans ient. Adenovirus  (a) i s  more frequently associated with pharyngoconjunctivi ti s  or pneumonia; echovirus  (c)
with aseptic meningi ti s ; and human metapneumovirus  (e) with respiratory infections . The majori ty of infections  caused by these three vi ruses
occur in chi ldren.

71. The answer is b. (Beckwith. Levinson, Ch 39, 43, 45. Murray, Ch 62. Ryan, Ch 18. Schneider.) Numerous  tests  are now ava i lable for screening patients  for
antibodies  to HIV including rapid tests  performed on blood, ora l  secretions , and urine. The rapid tests  are EIAs  and latex aggregation tests  that do
not have to be repeated, but that require a  confi rmatory western blot or immunofluorescence assay. Conventional  EIAs  require repeat testing by
the same test (b) fol lowed by a  confi rmatory test i f the EIA i s  repeatedly reactive. As  screening tests , these assays  have a  high sens i tivi ty, which
means  that fa lse-pos i tive resul ts  may occur. The western blot and IFA have high speci fici ties  and low fa lse-pos i tive rates . Key here i s  screening;
diagnostic testing i s  di fferent because the index of suspicion for HIV i s  high. In this  setting, a  negative EIA should be repeated in 3 months  and/or
a  nucleic acid test be performed. The patient should not be told she i s  even HIV-pos i tive, much less  that she i s  l ikely to develop AIDS (d) unti l  her
pos i tive test i s  confi rmed. There i s  no reason to begin anti retrovi ra l  therapy (a) or to test the patient for Pneumocystis jiroveci infection (e); this
infection appears  in HIV-infected persons  when their CD4 T-cel l  count drops  below 200/µL.

72. The answer is e. (Levinson, Ch 42, 43. Murray, Ch 60. Ryan, Ch 16.) The most common arthropod-borne encephal i ti s  vi ruses  caus ing neuroinvas ive
disease in the United States  are WNV (hundreds  to thousands  of cases  of neuroinvas ive disease per year), La  Crosse vi rus  (55-137 per year), St.
Louis  encephal i ti s  vi rus  (5-13 per year), and EEEV (4-12 cases  per year). Whi le La  Crosse vi rus  i s  a  more common cause of neuroinvas ive disease
than St. Louis  encephal i ti s  vi rus  (e), SLEV (e) i s  the most l ikely to have been respons ible. LaCV (d) causes  neuroinvas ive disease a lmost exclus ively
in chi ldren younger than 16 years  of age. See the below table for more information.



73. The answer is a. (Levinson, Ch 44. Murray, Ch 64. Ryan, Ch 20.) Rapidly progress ive dementia  and myoclonus  associated with presence of 14-3-3
protein i s  s trongly suggestive of Creutzfeldt–Jakob disease, which was  confi rmed by the presence of spongi form encephalopathy at autopsy. CJD
occurs  in four forms. Sporadic CJD (a) has  a  median age of onset of 62 years  (60-74 for most, a l though cases  as  young as  17 have been seen) and
resul ts  from spontaneous  convers ion of normal  PrPC to PrPSC or spontaneous  mutation of the PRNP gene leading to production of PrPSC, the
abnormal  form; myoclonus  i s  an important component of symptoms; death usual ly occurs  within 8 months  after onset of symptoms. Fami l ia l  CJD
(b), associated with an autosomal  dominant inheri tance of mutations  in the PRNP gene, onsets  between 45 and 49 years  of age; progress ion i s
s lower and death occurs  in about 2 years . Variant CJD (d) i s  acquired through eating meat from cattle with bovine spongi form encephalopathy; the
majori ty of reported cases  have been l inked to exposure in the United Kingdom; age of onset varies , but median i s  28 years  of age; psychiatric
abnormal i ties  and sensory symptoms are predominant in variant CJD; death occurs  in approximately 14 months . Iatrogenic CJD (c) has  occurred
fol lowing corneal  transplants , dura  grafts , adminis tration of human pi tui tary-derived gonadotropins , and use of contaminated surgica l
instruments  and EEG electrodes ; iatrogenic variant CJD has  a lso been documented from blood transfus ion.



74. The answer is b. (Levinson, Ch 40. Murray, Ch 55. Ryan, Ch 15.) Whi le rhinovi ruses  are the major cause of the common cold (50%-80% of cases ),
human coronaviruses  cause up to 15% of cases  of common cold (b), especia l ly in older chi ldren and adults . The coronaviruses  caus ing severe
respiratory i l lness  have been zoonotic in origin; human coronaviruses  rarely cause pneumonia  (d). Coronavirus -l ike particles  have been
demonstrated by EM in s tools  of chi ldren and adults  with diarrhea and neonates  with necrotizing enterocol i ti s . Human coronaviruses  have not
been associated with ves icular les ions  (e) or meningi ti s  (c). Coxsackievi rus  A causes  herpangina  (b).

75. The answer is b. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) HDV, previous ly known as  the del ta  agent, was  fi rs t described in 1977 and has  been
shown to be a  satel l i te RNA vi rus  that requires  HBsAg for encaps idation. Thus , i t requires  the presence of repl icating HBV. It i s  found most often in
IV drug abusers  and persons  who have received multiple blood transfus ions . HDV can be acquired as  a  coinfection with HBV and fol lows  the
progress  of the HBV infection. If HBV i s  resolved, HDV is  a lso resolved; i f HBV becomes  chronic, HDV a lso pers is ts . HDV can a lso be acquired as  a
superinfection in a  person with chronic HBV. In these individuals , an acute hepati ti s  episode occurs  that may progress  to fulminant hepati ti s
described in the vignette. This  s i tuation s trongly suggests  that the patient contracted HDV (b). It i s  unl ikely that a  HBV mutant would develop (a).
Ci rrhos is  (c) develops  over years  and i s  a  chronic process  involving fibrotic changes  in the l iver. It i s  poss ible that the person acquired HAV from
food (d), but fulminant hepati ti s  i s  not usual ly seen in the United States  except in those over 50; even then, i t i s  rare (2% or less  of a l l  cases  of
HAV infection resul t in death). HEV i s  found in Mexico, India , parts  of China  and southeast As ia , and North Africa . Food in the United States  would
be unl ikely to conta in HEV (e).

76. The answer is b. (Katzung, 49. Levinson, Ch 35. Murray, Ch 48. Ryan, Ch 8.) Both foscarnet (b) and ganciclovi r (c) are used to treat cytomegalo-vi rus
infection, but foscarnet inhibi ts  pyrophosphate binding activi ty of vi ra l  DNA polymerase whi le ganciclovi r i s  a  nucleos ide analog that prevents
elongation of the DNA chain. Zidovudine (e) i s  a  nucleos ide analog that inhibi ts  vi ra l  reverse transcriptases . Amantadine (a) blocks  the M2
channel  of influenzavi rus  A preventing release of the nucleocaps id into the cel l . Ribavi rin (d) targets  the RNA-dependent RNA polymerases  of
severa l  minus  sense ssRNA vi ruses , especia l ly respi ratory syncytia l  vi rus  and Lassa  fever vi rus .

77. The answer is b. (Levinson, Ch 40. Murray, Ch 54. Ryan, Ch 9, 12.) Echoviruses  were discovered accidenta l ly during s tudies  on pol iomyel i ti s . On entry
via  ingestion or inhalation, echoviruses  (and other members  of the Enterovirus genus) repl icate in the intestina l  (c) and upper respi ratory (e) tracts
(primary repl ication s i tes ). They spread to the lymphoid ti ssues  (d) and repl icate there as  wel l  (secondary repl ication s i te). From the primary and
secondary repl ication s i tes , echoviruses  enter the bloodstream (a) and are disseminated to the CNS (b), the TARGET ti ssue/organ. Infection in the
intestina l  tract i s  usual ly s i lent; vi rions  are shed without symptoms; repl ication in the upper respi ratory tract may produce symptoms of common
cold. The TARGET disease i s  aseptic meningi ti s , described for those hospi ta l i zed. The presence of speci fic IgA antibody wi l l  prevent infection or
modulate i t by reducing the numbers  of vi ruses  that can repl icate. The presence of speci fic IgG, ei ther at the time of infection or prior to
dissemination in the bloodstream prevents  infection of target ti s sue/organ.

78. The answer is b. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) The presentation of ves icular les ions  in mother and severe disease in the baby
suggests  congenita l  herpes  acquired in utero. Rapid diagnos is  and ini tiation of antivi ra l  therapy with IV acyclovi r i s  cri ti ca l  for surviva l  of the
infant. Neonata l  herpes  i s  more frequently acquired during or shortly a fter bi rth and can be categorized as  skin, eye, and mucous  membrane (SEM)
disease appearing 10 to 12 days  after bi rth, disseminated infection apparent within the fi rs t few days  of l i fe, or CNS infection occurring at 2 to 3
weeks  of age. Recognition and treatment of neonata l  herpes  s implex SEM is  important as  without treatment, many wi l l  progress  to disseminated
disease. When les ions  are present, the most rapid test that a l lows  definitive identi fi cation i s  the di rect immunofluorescence assay on cel l s  from
the les ions  (b) in which speci fic antisera  aga inst HSV-1 and HSV-2 are appl ied to the cel l s ; the test takes  as  l i ttle as  30 minutes . Vi ra l  cul ture of
the les ions  (e) would a lso be pos i tive, but takes  18 to 14 hours . Tzanck smear would l ikely be pos i tive as  wel l , but the test only detects  the
presence of multinucleated giant cel l s  suggestive of human herpesvi rus  infection. As  the mother most l ikely has  a  primary infection with HSV, she
is  unl ikely to have HSV-speci fic IgG antibodies  (a); HSV-speci fic IgM antibodies  would not be transferred to the neonate. HSV PCR on cerebrospina l
fluid (c), which takes  severa l  hours , i s  used to diagnos is  suspected HSV meningi ti s  or encephal i ti s  and i s  often referred to specia l ty laboratories
for testing. See below for comparison of di rect IFA for HSV (in this  case HSV2, A) and the Tzanck smear (B).



Sta ins  for herpes  s implex vi rus . (A) Di rect fluorescence assay on cel l s  obta ined from les ion us ing antibody speci fic for HSV type 2. A companion
test with anti -HSV type 1 was  negative. (B) Tzanck smear on cel l s  from les ion showing multinucleate giant cel l s  typica l  of some human herpes
vi ruses  (HSV1, HSV2, and VZV). (Courtesy of CDC and (A) Dr. Craig Lyerla, 1977, ID#3644 and (B) Joe Miller, 1975, ID#6508.)

79. The answer is b. (Levinson, Ch 40. Murray, Ch 54. Ryan, Ch 9, 12.) Coxsackievi rus  A (b), a  member of the Enterovirus genus , causes  hand–foot–mouth
disease in young chi ldren, frequently in outbreaks  associated with day care centers  or schools . Rhinoviruses  (e) and coronavirus  (a) s tra ins
endemic in the United States  cause common colds ; orthoreoviruses  (c) are respons ible for acute respiratory and gastroenteri ti s  infections . RSV (d)
causes  upper respi ratory tract infection in chi ldren and serious  lower respiratory tract infection in infants .

80. The answer is e. (Levinson, Ch 39, 46. Murray, Ch 56. Ryan, Ch 9, 10.) The most common compl ication of mumps  vi rus  infection in postpuberta l  males
is  orchi ti s  (e), occurring in about 33% to 50% of cases . Other compl ications  occur at lower frequencies  including myocardi ti s  (c),
meningoencephal i ti s , Gui l la in–Barré syndrome (a), masti ti s , pneumonia , thyroidi ti s , pancreati ti s , hearing loss , and immune thrombocytopenia
purpura, which may be associated with hemorrhage (b). Oophori ti s  occurs  in approximately 7% of postpuberta l  females .

81. The answer is f. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) This  i s  a  class ic description for a  reactivation of varicel la -zoster vi ra l  latent
infection (f), known as  herpes  zoster or zoster. The geography of the les ions  reflects  the particular dermatome fed by the infected gangl ion. Many
primary infections  with VZV are subcl inica l , yet s ti l l  resul t in latent infections  in sensory gangl ion nerve ti ssue. Primary VZV infection (varicel la  or
chickenpox) (e) i s  usual ly mi ld, and mani fests  as  crops  of les ions  appearing fi rs t on the trunk and spreading to face and extremities . HSV1 primary



infections  (a) are most often subcl inica l  but usual ly mani fest as  scattered les ions  on l ips  and ora l  mucosa  when les ions  are present. HSV1
reactivation (b) produces  fewer les ions  than on primary infection in immuno-competent persons . EBV infection, whether primary (c) or reactivation
(d), does  not produce ves icular les ions . Coxsackie A vi ruses  and orthopoxvi ruses  (vaccinia  vi rus , variola  vi rus , and monkeypox vi rus ) cause
ves icular exanthems but these would appear more s imi lar to primary infection with HSV1 and VZV, respectively.

82. The answer is d. (Levinson, Ch 39, 46. Murray, Ch 56. Ryan, Ch 9, 10.) Meas les  or rubeola  characterized by the prodrome of cough, coryza ,
conjunctivi ti s , and photophobia  plus  the pathognomonic Kopl ik spots  i s  caused by meas les  vi rus  (Morbillivirus) (d). In industria l i zed countries ,
vaccination has  reduced the importance of this  chi ldhood infection. The number of meas les  cases  occurring annual ly ranges  from 50 to 200, with
most associated with outbreaks  among groups  that do not immunize thei r chi ldren. Adenovirus  (a) may cause pharyngoconjunctivi ti s , an upper
respiratory infection s imi lar to the meas les  prodrome, but Kopl ik spots  are not present. HSV (b), influenzavi rus  (c), and rubel la  vi rus  (e) are not
associated with the described prodrome nor with Kopl ik spots .

83. The answer is a. (Levinson, Ch 38, 43. Murray, Ch 49. Ryan, Ch 19.) HPVs  cause nongenita l  cutaneous  and anogenita l  or mucosa l  syndromes. Mucosa l
and anogenita l  syndromes  include cervica l  intraepi thel ia l  neoplas ia  (CIN) and cancer; conjunctiva l , ora l , and laryngeal  papi l lomas , and
anogenita l  warts  or condyloma accuminatum. HPV types  16, 18, 31, and 45 are high-ri sk s tra ins  associated with CIN and cancer, a l though additional
types  have a lso been found in such les ions . HPV types  6 and 11 cause the majori ty of papi l lomas  and condyloma accuminatum. HPV infect the
basa l  keratinocytes  of the epi thel ia l  layer of skin and mucous  membranes . Express ion of vi ra l  proteins  E5, E6, and E7 s timulates  cel l  growth and
resul ts  in thickening of the layers . As  the cel l s  mature, genome repl ication takes  place and mature vi rions  are released at the epi thel ia l  surface.
The oncogenic mechanism of HPV involves  integration of the vi ra l  genome (a) into the host chromosome. This  resul ts  in inactivation of genes
required for vi ra l  repl ication (d), which does  not occur in these cel l s , and overexpress ion of HPV E6 and E7 proteins , which bind p53 and p105RB
cel lular growth suppressor proteins , a  production of a  clone of repl icating cel l s  with poss ible progress ion to neoplas ia . Loss  of HPV E6 and E7 (b)
would foresta l l  oncogenic changes ; mutation of the vi rus  (c) i s  not part of the process .

84. The answer is c. (Levinson, Ch 39, 44, 46. Murray, Ch 56. Ryan, Ch 9, 10.) Para influenza  vi ruses  (genus  Respirovirus) (c) are important causes  of
respiratory diseases  in infants  and young chi ldren. The spectrum of disease caused by these vi ruses  ranges  from a  mi ld febri le cold to
laryngotracheo-bronchi ti s  (croup), and bronchi ti s  in young chi ldren and adults  to more serious  bronchiol i ti s  or pneumonia  in infants . Adenovirus
(a), Coxsackievi rus  B (b), and rhinovirus  (d) cause upper respi ratory tract infections  that range from mi ld (common cold) to serious  (pneumonia ,
ARDS), but they do not cause croup. Rotavi rus  (e) i s  a  major cause of diarrheal  i l lness  in infants .

85. The answer is c. (Andary. Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13. Weiner.) Recognized in the 1980s , HEV, Hepevirus, i s  a  ss (+)RNA nonenveloped
virus  placed in a  new fami ly—Hepeviridae. The vi rus  i s  found in Southeast and Centra l  As ia , Africa , North America  (Mexico), South America , and
Austra l ia . Epidemics  have been observed in As ia , Africa , India , and Mexico. Like HAV, i t i s  enterica l ly transmitted, often by water contaminated
with human feces . Epidemics  frequently affect young adults  more than those of other ages . The overa l l  fata l i ty rate i s  4%, but pregnant women
more frequently develop fulminant hepatic fa i lure (c) and 20% die from compl ications . Chronic hepati ti s  (a ) does  not occur in normal  individuals
in whom the infection resolves ; there i s  association of HEV with chronic hepati ti s  in persons  who a l ready have hepati ti s , l i ver transplantation, or
who are immunocompromised in humoral  immune responses . Feta l  hydrops  (b) may occur in women who acquire parvovi rus  B19 infection during
pregnancy; Gui l la in–Barré syndrome (d) i s  a  cluster of cl inica l  syndromes  that include acute inflammatory demyel inating polyradiculoneuropathy,
acute motor axonal  neuropathy, and acute motor-sensory axonal  neuropathy that are associated with a  number of microorganisms: Campylobacter
jejuni, CMV, EBV, Mycoplasma pneumoniae, VZV, and HIV (http://emedicine.medscape.com/article/315632-overview#a0101; accessed 02-08-2013). Reye
syndrome (e), acute noninflammatory encephalopathy and fatty degenerative l iver fa i lure, occurs  primari ly in chi ldren after i l lness  with influenza
A or B vi rus  or VZV, especia l ly in conjunction with use of aspi rin to reduce fever. Numerous  other vi ruses  and some bacteria  have a lso been
impl icated. However, the incidence of Reye syndrome has  decl ined with the decrease in aspi rin usage in chi ldren
(http://emedicine.medscape.com/article/803683-overview#a0101; accessed 02-08-2013).

86. The answer is d. (Levinson, Ch 40. Murray, Ch 54. Ryan, Ch 9, 12.) Aseptic meningi ti s  i s  characterized by a  pleocytos is  of mononuclear cel l s , usual ly
lymphocytes , in the CSF (d). Al though neutrophi l s  may predominate during the fi rs t 12 to 24 hours , a  shi ft to lymphocytes  occurs  thereafter. The cel l
count in aseptic meningi ti s  i s  usual ly between 50 and 1000/µL, in contrast to the neutrophi l i c pleocytos is  (e) of bacteria l  meningi ti s , which i s
usual ly greater than 1000/µL. The CSF persons  with aseptic i s  free of cul turable bacteria  and conta ins  normal  glucose (b) and normal  to s l ightly
elevated protein levels  (a ). Periphera l  white blood cel l  counts  usual ly are normal . Al though vi ruses  are the most common cause of aseptic
meningi ti s , spi rochetes , chlamydiae, and other microorganisms  a lso can produce the disease. Eos inophi l i c pleocytos is  (c) i s  seen in some
paras i tic diseases , such as  cysticercos is , and in disseminated Coccidioides immitis infection.

87. The answer is b. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) HDV can be acquired as  a  coinfection—HBV and HDV acquired at the same time; or, as
a  superinfection—HDV acquired by a  person with chronic HBV infection. Diagnos is  of HDV infection may be made by detection of del ta  antigen,
anti -HDV IgM and/or IgG, or HDV RNA. Acute, chronic, resolved, or immunized HBV s tatus  i s  determined by a  battery of serologic tests .
Superinfection with HDV is  indicated by pos i tive tests  for HDV and the presence of anti -HBcAg IgG but not IgM (b). Coinfection with HDV would be
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indicated by the presence of anti -HBcAg IgM but not IgG (a).

88. The answer is d. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) HBsAg i s  present in most patients  before symptoms appear and remains  pos i tive
during the early acute, acute, and late acute s tages  of disease. Near, or shortly a fter, the time cl inica l  symptoms end HBsAg can no longer be
detected in patients  who are resolving thei r HBV infections . However, anti -HBsAg cannot be detected in these patients  unti l  a lmost a  month later.
The time (after the disappearance of HBsAg and before the appearance of anti -HBsAg) i s  known as  the window period (d). During this  time,
diagnos is  of acute hepati ti s  B i s  made by detection of anti -HBcAg IgM. The subsequent appearance of anti -HBsAg indicates  resolution of
infection. Resolved hepati ti s  B infection (b) i s  indicated by HBsAg –, HBeAg –, Anti -HBcAg IgM –, Anti -HBcAg IgG +, Anti -HBsAg +; chronic hepati ti s  B
infection (c) i s  indicated by HBsAg +, HBeAg +, Anti -HBcAg IgM -, Anti -HBcAg IgG +, Anti -HBsAg; persons  immunized aga inst HBV (e) have only anti -
HBsAg IgG. Hepati ti s  symptoms in the face of negative tests  for vi ra l  etiology indicate another infectious  agent, toxic injury to the l iver, or poss ible
disease of the bi l iary tract.



Graphs  comparing symptoms, antigens , and antibodies  present in acute hepati ti s  B and chronic hepati ti s  B.

89. The answer is c. (Levinson, Ch 39, 42, 46. Murray, Ch 60. Ryan, Ch 10, 16.) This  patient has  encephal i ti s  most l ikely caused by the EEEV. EEEV i s
transmitted by mosquitoes  (c) and i s  usual ly seen in the summer months . The vi rus  i s  found mainly in s tates  on the Atlantic and Gul f coasts , with
Florida  and Georgia  recording the greatest number of cases . Whi le the majori ty of those who contract EEEV are asymptomatic, those over 60 and
younger than 15 years  of age are at ri sk of developing Eastern equine encephal i ti s , a  serious , rapidly progress ing encephal i ti s  with a  poor
prognos is . Bi rds  (a) are the reservoir for EEEV. Fleas  (b), sand fl ies  (d), and ticks  (e) are not vectors  of EEEV. See the answer to question 72 for
additional  information.

90. The answer is b. (Levinson, Ch 40. Murray, Ch 54. Ryan, Ch 9, 12.) Rhinovirus  i s  a  major cause of the common cold. The primary mode of transmiss ion
is  di rect hand-to-hand contact (b), fol lowed by transmiss ion via  fomites  such as  ti s sues , clothing or utens i l s , fol lowed by respiratory droplet
transmiss ion (c). These nonenveloped vi ruses  can survive on unwashed hands  and objects  for many hours . Transmiss ion by the feca l–ora l  route
(a), sexual  contact (d), or vertica l  transmiss ion (e) do not occur with rhinovi ruses .

91. The answer is c. (Levinson, Ch 39, 44, 46. Murray, Ch 56. Ryan, Ch 9, 10.) The most l ikely etiologic agent of this  infant’s  pneumonia  i s  the human
metapneumovirus  (c), a  member of the Paramyxoviridae closely related to but dis tinct from respiratory syncytia l  vi rus . Discovered in 2001, this  vi rus
is  now known to be respons ible for 5% to 15% of serious  lower respiratory tract infections  in young chi ldren. As  with RSV, infants  born prematurely
and those with preexis ting lung or heart disease or immunocompromisation are at greater ri sk for serious  infection with hMPV. Cytomegalovi rus
(a) and HSV type 1 (b) may cause pneumonia  in immunocompromised infants , but the presentation would be di fferent. Parvovi rus  B19 (d) does  not
cause pneumonia , and only occas ional  s tra ins  of rhinovi rus  (e) may cause pneumonia  as  most s tra ins  prefer to grow at the much lower
temperatures  found in the nasa l  passages .

92. The answer is e. (Levinson, Ch 46. Murray, Ch 58. Ryan, Ch 16.) The best specimen for diagnos is  of rabies  in the l iving patient i s  a  biopsy of skin at



the back of the neck (nuchal  biopsy). The finding of Negri  bodies  on H&E s ta in i s  pathognomonic for rabies  vi rus  (e); a  pos i tive s ta ining reaction
with rabies -speci fic antibodies  confi rms  the diagnos is . Negri  bodies  are eos inophi l i c cytoplasmic inclus ion bodies  found within infected neurons
in the hippocampus  and cerebra l  cortex or in skin cel l s . The vignette describes  the fi rs t phase of rabies , or entry into the CNS, which las ts  from 2 to
10 days . This  i s  fol lowed by acute rabies , which can be para lytic or furious , and a lmost invariably leads  to death. EEEV (b) and echovirus  (c) do not
produce speci fic inclus ion bodies . HSV type 1 (d) produces  eos inophi l i c Cowdry A inclus ion bodies  within the nucleus  of infected cel l s .
Cytomegalovi rus  (a) produces  basophi l i c nuclear inclus ion bodies  that resemble owl  eyes . Negri  bodies  of rabies  vi rus  (A), Cowdry A inclus ion of
HSV (B), and owl  eye inclus ion of CMV (C) are compared below.

Comparison of vi ra l  inclus ion bodies . Cytoplasmic Negri  bodies  of rabies  vi rus  (A), nuclear Cowdry A inclus ions  of HSV (B), and nuclear owl-eye
inclus ions  of CMV (C).

93. The answer is d. (Levinson, Ch 44. Murray, Ch 64. Ryan, Ch 20.) Kuru and CJD are s imi lar but not identica l  diseases  with very di fferent epidemiology.
Kuru was  preva lent among certa in tribes  in New Guinea who practiced ri tua l  canniba l i sm by eating the bra ins  of the departed. CJD i s  found
worldwide in fami l ia l  and sporadic forms  and has  been transmitted by corneal  transplants  and in pi tui tary hormone preparations  (iatrogenic CJD).
An infectious  form—variant CJD—is  associated with eating cattle with bovine spongi form encephalopathy; cases  have occurred primari ly in
England. Prions  are unconventional  sel f-repl icating proteins , sometimes  ca l led amyloid. It i s  now thought that CJD, Kuru, and animal  diseases  such
as  scrapie, vi sna, and bovine spongi form encephalopathy (mad cow disease) are caused by prions . Prions  do not conta in DNA or RNA. Bacteria ,
flagel lates  (paras i tes ), and vi ruses  a l l  conta in nucleic acid genomes. No apparent evidence of envi ronmenta l  toxins  able to cause Kuru/CJD have
been reported.

94. The answer is d. (Levinson, Ch 37. Murray, Ch 52. Ryan, Ch 11.) The description of the vi rus  genome (dsDNA) and s i te of repl ication (cytoplasm) are
characteris tic of poxvi ruses ; vaccinia  vi rus  (d) i s  the immunizing agent aga inst variola  vi rus  (e). Adenovirus  type 5 (a) i s  a  dsDNA vi rus  that
repl icates  in the nucleus ; i t causes  respi ratory infections . Rabies  vi rus  (c) and echovirus  11 (b) are ss (-)RNA and ss (+)RNA vi ruses , respectively; they
do repl icate in the cytoplasm. None of these latter three vi ruses  cause skin les ions  l ike those shown in the image for question 94. Routine
vaccination of the genera l  publ ic with vaccinia  vi rus  to prevent smal lpox has  been discontinued in the United States , as  the ri sk of contracting the
disease i s  ni l  (variola  vi rus  i s  extinct in the world) and because the compl ications  of immunization with vaccinia  vi rus , including genera l i zed
vaccinia , vaccinia  necrosum (progress ive infection), and encephal i ti s , are serious  and can be fata l . The vaccine i s  s ti l l  used within the mi l i tary due
to concerns  over the use of variola  vi rus  (mainta ined as  frozen s tocks  in the United States  and other countries ) as  a  bioweapon. Vaccination of
mi l i tary personnel  and fi rs t responders  in 2001 showed that the ri sk of compl ications  from vaccinia  vi rus  immunization s ti l l  exis ts , and that the
vi rus  can be spread from the recipient to members  of the household. However, the use of vaccinia  vi rus  as  a  vector to carry the gene for the rabies
glycoprotein has  become common. The vector i s  packaged in ba i ts  des igned to be eaten by raccoons  and other smal l  mammals  that are known
transmit rabies  vi rus . Exposure to the vaccinia  vi rus  within the ba i t can lead to infection in humans , especia l ly in immunocompromised
individuals .

95. The answer is d. (Levinson, Ch 46. Murray, Ch 58. Ryan, Ch 16.) Rabies  i s  caused by a  rhabdovirus , a  minus-sense, s ingle-s tranded, nonsegmented
RNA vi rus  with an enveloped, bul let-shaped vi rion). The vi rus  infects  a  wide range of warm-blooded animals , including humans . The vi rus  i s
widely disseminated within the infected animals , with high levels  in sa l iva . If the animal  i s  captured or ki l led, examination of i ts  bra in for rabies
vi rus  can be done in time to determine whether rabies  prophylaxis  i s  necessary. The best means  to prevent rabies  begins  with scrupulous  wound
care, including washing and probing for any foreign bodies  (eg, broken teeth) in the wound. If the animal  i s  not ava i lable, or tests  pos i tive for
rabies , and i f the person has  not been immunized with rabies  vaccine, the treatment of choice i s  to give human rabies  immunoglobul in (HRIg)
plus  rabies  vaccine at separate s i tes  (d). The HRIg should be infused into the wound and the remainder given as  a  deep IM injection. After onset
of symptoms, nei ther of these should be given. Broad-spectrum antibiotics  (a ) may be given as  part of wound care to prevent bacteria l  infection,
but they wi l l  not prevent rabies . Acyclovi r (b) and ribavi rin (c), regardless  of dosage or route of adminis tration, have no role in rabies  prophylaxis .
Tetanus  immune globul in and/or tetanus  toxoid vaccine (e) may a lso be part of the wound care regimen, but are given to prevent tetanus , not
rabies .

96. The answer is a. (Levinson, Ch 38. Murray, Ch 50. Ryan, Ch 9, 15.) Mi ld ocular involvement often occurs  as  part of the respiratory syndromes  caused by
adenoviruses . Adenovirus  (a) a lso can cause severe kerati ti s  that can lead to permanent eye damage. These infections  may occur in outbreaks  in
industria l , hospi ta l , or cl inic settings  through exposure of groups  of workers/patients  to contaminated fomites . The workers  involved in this
cluster of infections  had shared eye drops  due to the dusty envi ronment in which they were working. EBV (b), parvovi rus  (c), RSV (d), and VZV (e) are
not routinely reported as  caus ing this  type of i l lness . HSV-1, which was  not among the choices , can cause keratoconjunctivi ti s  and kerati ti s .
Dendri tic or coa lescing (geographic) ulcers  can be visua l i zed in HSV-1 kerati ti s .

97. The answer is b. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) As  can be seen in the figure found in the answer to Question 88, HBsAg and infectious
vi rions  are shed over the same course of time, with HBeAg appearing in the bloodstream at the height of vi ra l  repl ication. Thus , the presence of
HBeAg indicates  the individual  i s  highly contagious  (b). Al though HBsAg can be shed after infectious  vi rions  are no longer being produced, the



patient i s  s ti l l  cons idered contagious , but to a  lesser degree (c) than when HBeAg i s  present. The person i s  cons idered infectious  as  long as
HBsAg pers is ts , so answers  d (not contagious) and e (resolved) are incorrect. The incidence of fa lse-pos i tive resul ts  for HBeAg i s  low (a), wi th
speci fici ties  ranging from 98.6% to 99% reported, depending on the product used.

98. The answer is d. (Levinson, Ch 39, 42, 46. Murray, Ch 60. Ryan, Ch 10, 16.) Western equine encephal i ti s  vi rus  (d) i s  the only vi rus  on the l i s t l ikely to
cause encephal i ti s  in an infant. It i s  a l so found mainly west of the Miss iss ippi  River; s tates  with the highest number of reported cases  include
Colorado, Texas , North Dakota, and Ca l i fornia . Rubel la  vi rus  (c) can cause encephal i ti s , but this  vi rus  i s  extremely uncommon in the United States
because of the success ful  vaccine developed to prevent rubel la . WNV (e) i s  more l ikely to cause meningi ti s  in a  chi ld and encephal i ti s  in a  person
over 60. Dengue vi rus  (a) infection rarely leads  to encephal i ti s . Lymphocytic choriomeningi ti s  vi rus  (b) i s  rodent-borne rather than arthropod-borne.
See the table accompanying the answer to question 72. Note, according to the Centers  for Disease Prevention and Control , WEEV activi ty has  been
absent from the United States  for the past 5 years .

99. The answer is e. (Levinson, Ch 39, 44, 46. Murray, Ch 56. Ryan, Ch 9, 10.) Ribavi rin, a  guanos ine analog, i s  approved for aerosol  treatment of
respiratory syncytia l  vi rus  infections  (e) in premature or immunocom-promised infants  who are l ikely to have a  more severe cl inica l  course.
Currently, aerosol  treatment of chi ldren i s  no longer s tandard treatment. Ribavi rin i s  approved for ora l  treatment of HCV infection (in combination
with IFN-α) and for IV treatment of Lassa  fever and other vi ra l  hemorrhagic fevers . It i s  not used for treatment of Coxsackievi rus  A (a), HBV (b), HSV
(c), or parvovi rus  (d) infections .

100. The answer is c. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) HSV type 1 (c) encephal i ti s  (HSE), which usual ly involves  the tempora l  lobe, i s  the
most common cause of sporadic (nonepidemic) encephal i ti s  and i s  often letha l . Severe neurologic sequelae are seen in surviving patients . Most
HSE cases  occur in adults  over 50, but a  fi rs t peak of infections  occurs  in those younger than 20 years  of age. PCR ampl i fi cation of vi ra l  DNA from CSF
has  replaced vi ra l  i solation. Coxsackievi rus  B (and A) s tra ins  (b) cause aseptic meningi ti s , as  wel l  as  other conditions . Adenoviruses  (a) are
primari ly known for caus ing pharyngoconjunctivi ti s  in chi ldren; they rarely cause encephal i ti s . Listeria monocytogenes i s  a  bacterium that can cause
meningoencephal i ti s  primari ly in immunocompromised patients ; i t infects  the bra in parenchyma, especia l ly the bra instem. WNV (e) causes
encephal i ti s  associated with mosquito transmiss ion, so i t i s  more common in summer and early fa l l . Loca l i zed les ions  are not seen with West
Ni le encephal i ti s .

101. The answer is d. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Roseola  infantum caused by human herpes  vi rus  6 (d) leads  to seizures  in 15% of
symptomatic infants . In heal thy infants , the infection i s  asymptomatic or fol lows  the course described in the vignette. In immunocompromised
chi ldren, the abrupt onset includes  CNS and other organ system involvement. Fol lowing infection, the vi rus  remains  latent in lymphocytes  and
monocytes . Infection in adults  or reactivation in adulthood may produce a  mononucleos is -l ike syndrome with lymphadenopathy and hepati ti s . In
immunocompromised patients  such as  bone marrow, kidney, and l iver transplant patients , much more serious  infections/reactivations  occur that
may lead to organ rejection and death. Erythema infectiosum (a), hand-food-and-mouth disease (b), meas les  (c), and rubel la  (d) (caused by the
vi ruses  indicated in the choices ) each present di fferently: “s lapped cheek” reticular rash 7 to 10 days  fol lowing a  nonspeci fic prodrome; ves icles
appearing on the hands , and disseminated maculopapular rashes  beginning on the neck, respectively.

102. The answer is d. (Levinson, Ch 39, 44, 46. Murray, Ch 56. Ryan, Ch 9, 10.) The vignette describes  an infant with severe bronchiol i ti s  caused by
respiratory syncytia l  vi rus  (Pneumovirus) (d). RSV i s  the most common cause of bronchiol i ti s  and pneumonia  in infants  less  than 1 year of age. The
infection i s  loca l i zed to the respiratory tract. The vi rus  can be detected rapidly by immunofluorescence on respiratory epi thel ia  cel l s  obta ined by
nasopharyngeal  suction. In older chi ldren, the infection resembles  the common cold. Adenovirus  (a) and cytomegalovi rus  (b) can cause
pneumonia  in infants , but the presentation does  not usual ly include bronchiol i ti s . Para influenza  vi rus  (Respirovirus) (c) infection may present as
bronchiol i ti s , but i t i s  less  common than RSV, especia l ly in winter. Rhinovirus  (e) rarely causes  pneumonia  as  most s tra ins  cannot repl icate at core
body temperature.

103. The answer is a. (Levinson, Ch 39, 43, 45. Murray, Ch 62. Ryan, Ch 18.) The ri sk of acquiring HIV infection i s  increased in persons  who have multiple
sexual  partners , especia l ly sexual  partners  who inject drugs  us ing shared needles  (a). Hospi ta l  receptionis ts  (b), members  of a  household in
which there i s  a  person who i s  HIV-pos i tive (d), and factory workers  with HIV-pos i tive coworkers  (e) have l i ttle to no ri sk for contracting HIV in thei r
normal  and usual  interactions  with people around them. The ri sk of HIV acquired through blood products  began dropping in 1985 with the
development of tests  for HIV p24 antigen and HIV antibodies . Since the advent of nucleic acid ampl i fi cation testing for HIV, the ri sk for acquiring
HIV through blood or blood products  (in the United States ) has  dropped further to 1/1,000,000 uni ts . Persons  who receive blood now (2013) (c) are
at l i ttle ri sk. Risks  associated with HIV transmiss ion are shown in the table from the Centers  for Disease Prevention and Control .



104. The answer is c. (Levinson, Ch 39, 42, 46. Murray, Ch 60. Ryan, Ch 10, 16.) The highest ri sk of teratogenic effects  from feta l  infection with rubel la
occurs  during the fi rs t 20 weeks  of gestation; therefore, answer d, which s tates  rubel la  i s  not a  problem unti l  the 30th week, i s  incorrect. In
seronegative patients , the ri sk of infection exceeds  90%. However, before other measures  (such as  termination of pregnancy [e]) are cons idered, a
rubel la  antibody ti ter to determine immune s tatus  (c) must be performed. Rubel la  immune globul in (a) i s  not ava i lable, and IV pooled immune
globul in injected into the mother would be unl ikely to protect the fetus  aga inst rubel la  because vi remia  occurs  at the time symptoms appear.
Immunizing the mother aga inst rubel la  (b) would not protect the fetus  for the same reason—antibodies  that develop would be too late to prevent
transplacenta l  spread. And, whi le inadvertent adminis tration of rubel la  vaccine to pregnant women did not resul t in neonates  with congenita l
syndrome, i t i s  genera l ly unwise to give a  l ive attenuated vaccine to a  pregnant woman.

105. The answer is c. (Levinson, Ch 36. Murray, Ch 11, 49-51, 54, 56, 59, 60, 63.) HPV 16/18 and HBV (c) are impl icated in cervica l  (and other geni ta l ) cancer
and hepatocel lular carcinoma, respectively. Thus , the vaccines  aga inst these agents  are expected to reduce the incidence of these cancers . This
has  been seen in regions  of the world where routine HBV vaccine i s  used at bi rth or shortly thereafter. The other vi ruses—adenovirus/mumps  vi rus
(a), HAV/pol iovi rus  (b), meas les  vi rus/rubel la  vi rus  (d), and rotavi rus/VZV (e)—are not associated with cancers  in humans , a l though adenoviruses
cause cancer in some animals .

106. The answer is c. (Levinson, Ch 40. Murray, Ch 54. Ryan, Ch 9, 12.) The disease described in the vignette i s  pol iomyel i ti s  (or pol io), which i s  s ti l l
present in India , Pakis tan, Afghanis tan, and severa l  countries  in Africa . The workers  from the United States  had received ei ther the Sa lk ki l led
pol iovi rus  vaccine or the Sabin l ive attenuated pol iovi rus  vaccine (c) depending on their ages . Because the pol iovi ruses  have been eradicated
from the Northern Hemisphere and the l ive attenuated pol iovi rus  vaccine s tra ins  have been associated with CNS infection in some recipients , the
ki l led vaccine i s  the only one used in the United States  today. The workers  most l ikely had a lso received the meas les  (b), mumps, and rubel la  (d)
vi rus  vaccines  and the HAV (a) vaccine, but those would not protect them from pol io. The yel low fever vi rus  (e) vaccine i s  genera l ly given only to
those travel ing to an endemic area.

107. The answer is e. (Levinson, Ch 39. Murray, Ch 57. Ryan, Ch 9.) Staphylococcus aureus (e) i s  one of the most common causes  of secondary bacteria l
pneumonia  fol lowing influenza. The others  are Streptococcus pneumoniae and Haemophilus influenzae. Escherichia coli (a ) and Klebsiella pneumoniae (b)
may a lso cause postinfluenza  secondary bacteria l  pneumonia , but the numbers  of cases  are much lower. Primary influenza  pneumonia  i s  a
serious  compl ication of influenza  in i ts  own right, most often affecting elderly persons  in nurs ing homes, persons  with cardiovascular disease,
and pregnant women in thei r thi rd trimester. S. aureus secondary bacteria l  pneumonia  develops  rapidly, within 2 to 3 days  of primary influenza
pneumonia; secondary bacteria l  pneumonia  caused by S. pneumoniae or H. influenzae occurs  2 to 3 weeks  after the ini tia l  symptoms of influenza.
Legionella pneumophila i s  usual ly the primary cause of lung disease. Listeria monocytogenes (d) i s  acquired via  ingestion of contaminated food,
spreading from the GI tract to the joints  or CNS in immunocompromised individuals  or to the placenta  in pregnant women.

108. The answer is a. (Levinson, Ch 38. Murray, Ch 50. Ryan, Ch 9, 15.) Conjunctivi ti s  i s  seen in many chi ldhood infections . When accompanied by fever
and sore throat, pharyngoconjunctiva l  fever i s  most often caused by adenovirus  (a). HSV type 1 (d) eye infections  usual ly present as  kerati ti s
(corneal  ulcer). The remaining choices  are bacteria , which usual ly cause purulent dra inage rather than watery. Chlamydia trachomatis (b) i s



associated with eye infections  in neonates  born to mothers  with geni ta l  infections . C. trachomatis a l so causes  trachoma, a  s lowly progress ive
disease that begins  as  fol l i cular inflammation of the eyel id and can lead to scarring and bl indness ; trachoma occurs  primari ly in Africa , the
Middle East, and northern India . Haemophilus aegyptius (c) causes  epidemic purulent conjunctivi ti s , often known as  “pink-eye.” This  species  of
Haemophilus i s  found more frequently in tropica l  cl imates  and i s  now uncommon in the United States  where Haemophilus influenzae i s  encountered
more frequently. Staphylococcus aureus (e) usual ly causes  blephari ti s , or inflammation of the eyel ids .

109. The answer is b. (Levinson, Ch 39, 42, 46. Murray, Ch 61. Ryan, Ch 16.) The vignette describes  hantavi rus  pulmonary syndrome (HPS) (a lso known as
hantavi rus  cardiopulmonary syndrome), which i s  acquired by inhal ing aerosol i zed rodent excreta  (c). The fi rs t cases  of HPS recognized in the
modern era  occurred in 1993, when an outbreak of a  fata l  respi ratory disease occurred in the southwestern United States . Deer mice were the
vectors  in that outbreak caused by a  Hantavirus given the name “Sin Nombre.” At least 24 di fferent types  of New World hantavi ruses , dis tributed
throughout the Americas , are now known; each has  a  di fferent rodent vector and a l l  cause HPS. The morta l i ty rate for HPS i s  high, 80% in the 1993
outbreak, but with development of aggress ive interventions , i t i s  now 30% to 40%. Members  of the Bunyavirus genus , a lso of the Bunyaviridae, are
arthropod-borne, with the species  found in the Americas  transmitted by mosquitoes  (d) and the African species  transmitted by ticks  (e) or fl ies .
Human-to-human transmiss ion by contact (a ) occurs  with some South American s tra ins  of Hantavirus, but i s  not common. Drinking water (b) i s  not
impl icated in the spread of Hantavirus infections .

110. The answer is b. (Levinson, Ch 38, 43. Murray, Ch 49. Ryan, Ch 19.) The vignette describes  common warts  caused by HPV (b) and the accompanying
image shows  koi locytes  in hyperplastic skin, which are pathognomonic for HPV infection. HPVs  cause nongenita l  cutaneous  and anogenita l  or
mucosa l  syndromes. Nongenita l  cutaneous  syndromes  include common warts , flat warts , plantar warts , and epidermodysplas ia  verruci formis . The
HPV types  associated with these les ions  are di fferent from the types  that cause mucosa l  syndromes  (6, 11, 16, 18, 31, and 45) except for type 2 that
can cause common warts , plantar warts , and ora l  papi l lomas . Adenovirus  (a) does  not cause skin les ions ; Molluscipoxvirus (c) causes  pearly les ions
with dimpled centers  from which white materia l  can be extruded. When i t causes  skin les ions , echovirus  (d) i s  associated with a  maculopapular
rash. VZV (e) causes  ves icular les ions .

111. The answer is c. (Levinson, Ch 38, 43. Murray, Ch 49. Ryan, Ch 19.) Of the choices  l i s ted, only imiquimod (c) i s  an immunomodulatory agent. It i s  an
inducer of cytokines  of innate immunity, s timulating production of IFN-α, tumor necros is  factor, interleukin-1, and interleukin-8. It can be used in
conjunction with phys ica l  removal  of HPV outgrowths  to prevent vi ra l  repl ication in any remaining infected cel l s . Acyclovi r (a ) i s  an antivi ra l
speci fic for HSVs  and VZVs , which have vi ra l  thymidine kinases  to activate the drug. 5-Fluorouraci l  (b) i s  a  cytotoxic agent that interferes  with RNA
and DNA synthes is , podophyl l in (d) i s  a  cytotoxic agent that i s  antimitotic, and trichloroacetic acid (e) i s  a  keratolytic agent that chemica l ly
cauterizes  skin, keratin, and other ti s sues . The latter three agents  can a l l  be used in treating condyloma accuminatum, but they are not
immunomodulatory.

112. The answer is a. (Levinson, Ch 38. Murray, Ch 53. Ryan, Ch 10.) Parvovi rus  B19 causes  erythema infectiosum in previous ly wel l  chi ldren and adults
that often resul ts  in a  drop in hemoglobin level  that i s  not noticed. In chi ldren with chronic hemolytic anemias , such as  s ickle cel l  disease,
parvovi rus  B19 infection can resul t in aplastic cri s i s  (a ) associated with a  drop in the hemoglobin level  of 2 g/dL or more. This  can necess i tate
hospi ta l i zation in these chi ldren. The vi rus  preferentia l ly infects  erythroid precursors . The chi ld has  tachycardia  from the anemia. There i s  nothing
in the his tory to suggest Coxsackievi rus  B pericardi ti s  (b), Norovirus gastroenteri ti s  (c), or BK polyomavirus  hemorrhagic cysti ti s  (e); nor i s  there any
reason to suspect Coltivirus infection (d), which would be associated with location, season, and tick bi te. Norovirus gastroenteri ti s  i s  not associated
with bleeding. Additional  compl ications  of parvovi rus  B19 infection include maternal  transplacenta l  infection of the fetus  with resul tant feta l
hydrops  related to anemia  in the fetus , unremittent anemia  in immuno-suppressed persons  such as  transplant recipients , and
polyarthropathy/arthri ti s  in adul ts .

113. The answer is a. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Approximately 40,000 infants  (out of 4 mi l l ion bi rths ) are born with congenita l  CMV
infections . Of these, 10% wi l l  be symptomatic and cons idered to have cytomegal ic inclus ion disease; and 90% of these infants  wi l l  suffer
neurologic sequelae such as  hearing loss  at bi rth, microcephaly, menta l  retardation, and developmenta l  disabi l i ties . The remaining 36,000 wi l l
have asymptomatic CMV (a) infection and approximately 15% wi l l  develop neurologica l  sequelae, including sensorineura l  hearing loss . HSV type 2
(b) congenita l  infection presents  as  ves icular les ions  or as  disseminated infection or CNS disease, both of which can be letha l . Congenita l
varicel la  syndrome caused by VZV (e) i s  associated with microcephaly, skin les ions , and l imb and eye defects . Rubeola  vi rus  (meas les  vi rus ) (d)
infection in the mother leads  to spontaneous  abortion or preterm birth of the fetus . CRS caused by rubel la  vi rus  (d) led to abortion, s ti l lbi rth, and
serious  defects  including sensorineura l  hearing loss , ocular abnormal i ties , and congenita l  heart defects . CRS has  been vi rtua l ly el iminated in the
United States  by the use of the l ive attenuated rubel la  vaccine s ince 1969.

114. The answer is c. (Levinson, Ch 40. Murray, Ch 59. Ryan, Ch 9, 15.) The symptoms of rotavi rus  (c) infection las t longer than those of norovi rus  (b),
which genera l ly runs  i ts  course in 72 hours  or less . The rotavi rus  vaccine has  greatly reduced the numbers  of cases  of rotavi rus  infection and the
morbidi ty associated with i t in those who develop the infection despi te vaccination. However, no vaccine i s  100% effective and some infants  wi l l
s ti l l  develop ful l -blown rotavi rus  enteri ti s . Enterovi ruses  (a) do not cause gastroenteri ti s . Salmonella enterica (a ) in diarrhea i s  characterized by the
presence of WBC in the s tool  and sometimes  blood. Staphylococcus aureus enterotoxin (e) would be unl ikely in an infant 6 months  old, but would
present within 1 to 6 hours  of ingestion with nausea and vomiting the major symptoms. A number of vi ruses  that cause gastroenteri ti s  have been
recognized. The fol lowing table summarizes  the characteris tics  of these vi ruses .



115. The answer is d. (Levinson, Ch 39, 44, 46. Murray, Ch 56, 64. Ryan, Ch 9, 10, 20.) SSPE, a  very late and rare sequela  of infection with Morbillivirus
(meas les  vi rus ) (d), occurs  approximately 10 years  after meas les . It i s  a  degenerative CNS infection resul ting from a  pers is tent infection caused by



a defective vi rus  that spreads  cel l  to cel l  but does  not produce cel l -free mature vi rions . Meas les  can a lso resul t in acute encephal i ti s  in 1/1000
cases , often resul ting in permanent bra in damage and 10% fata l i ty; delayed acute encephal i ti s  that occurs  1 to 6 months  later and i s  invariably
fata l ; or acute disseminated encephalomyel i ti s  (postinfectious  encephal i ti s ), a  demyel inating condition affecting the bra in and spina l  cord.
Epstein–Barr vi rus  (a) can cause neurologic compl ications  in 1% of infections , including acute encephal i ti s  or meningi ti s , Gui l la in–Barré
syndrome, Bel l  pa lsy, and transverse myel i ti s . HIV (b) can cause HIV dementia , whi le the JC polyomavirus  causes  progress ive multi foca l
leukoencephalopathy in persons  who are profoundly immunosuppressed, including those with AIDS and those on immunosuppress ive therapy.
The mumps  vi rus  (Rubulavirus) (e) involves  the CNS in 50% of cases , 10% of whom develop aseptic meningi ti s ; 1 in 200 of these patients  develop
encephal i ti s  as  wel l . Mumps  can a lso resul t in hearing loss .

116. The answer is a. (Levinson, Ch 40. Murray, Ch 59. Ryan, Ch 9, 16.) Coltivirus (a ), a  member of the Reoviridae, i s  a  double-s tranded RNA vi rus  with a
segmented genome. It causes  Colorado tick fever as  described in the vignette. The vi rus  ci rculates  in red blood cel l s , which have an average l i fe
span of 120 days ; thus , the recommendation to avoid donating blood for 6 months . CTF i s  usual ly a  mi ld disease with episodes  of fever
interspersed with afebri le periods , the “saddle-back” fever pattern. The vi rus  i s  l imited to the mounta inous  regions  of the Northwest United
States  and Canada and i s  found at elevations  of 4000 feet or higher, the range of the rodent reservoir and the Dermacentor andersoni ti ck vector. The
infection i s  common; severa l  hundred cases  occur each year. Western equine encephal i ti s  vi rus  (e) usual ly presents  as  encephal i ti s ; no cases
have been recorded in the United States  for the past 5 years . Dengue vi rus  (c) may begin with a  s imi lar presentation but would be associated with
travel  in subtropica l  or tropica l  regions . Coxsackievi rus  B (b) causes  nonspeci fic symptoms that are mi ld fol lowed by target organ disease such as
myos i ti s  or pleurodynia . The presentation of Sin Nombre hantavi rus  (d), which overlaps  the range of Coltivirus, causes  hantavi rus  pulmonary
syndrome.

117. The answer is b. (Levinson, Ch 46. Murray, Ch 58. Ryan, Ch 16.) The vignette describes  vi ra l  hemorrhagic fever transmitted by contact with blood. Of
the three hemorrhagic fevers  given as  choices , only Ebola  hemorrhagic fever (b), caused by the Filovirus Ebola , i s  transmitted by contact with blood
and body fluids . The fi lovi ruses  are a lso acquired by col lecting bush meat (dead carcasses  of primates), and epidemiologic s tudies  suggest that
bats  may a lso serve as  vector. Dengue hemorrhagic fever (a) and yel low fever (e) are caused by arthropod-borne flavivi ruses , as  i s  West Ni le
encephal i ti s  (d). Hantavi rus  pulmonary syndrome is  acquired through inhalation of aerosol i zed excreta  from infected rodents .

118. The answer is d. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Al l  of the choices  are associated with EBV. The patient most l ikely has
lymphoprol i ferative disorder (posttransplant) (d), a  polyclonal  response to reactivation or acquis i tion of EBV in persons  on immunosuppress ive
therapy to prevent transplant rejection. The disorder responded to reduction of the immunosuppress ive agent, a  response not expected i f the
patient had Burki tt lymphoma (a) or Hodgkin lymphoma (b), more aggress ive monoclonal  B-cel l  l ymphomas  that often require anti lymphoma
treatment. Infectious  mononucleos is  (c) occurs  in immunocompetent individuals . NPC (e) does  not fi t the vignette.

119. The answer is e. (Katzung, Ch 49. Levinson, Ch 39, 45. Murray, Ch 62. Ryan, Ch 18.) The repl ication of a  retrovi ra l  genome is  dependent on the reverse
transcriptase enzyme, which performs  a  variety of functions—RNA-dependent DNA polymerase, RNase, and DNA-dependent DNA polymerase.
Abacavi r (a ), nevi rapine (c), and zidovudine (e) are reverse transcriptase inhibi tors . However, only zidovudine (e) i s  used a lone for prophylaxis  to
prevent perinata l  transmiss ion of HIV during the fi rs t 6 weeks  of l i fe. Abacavi r should not be used without testing the infant for HLA-B*5701, a
mutation that renders  the individual  hypersens i tive to this  drug. Ra l tegravi r (d), the integrase inhibi tor, and lopinavi r (b), a  PI, are not used a lone
at any time—prophylactica l ly or therapeutica l ly. Two regimens  are currently recommended for chi ldren younger than 3 years  of age: nevi rapine
plus  two NRTIs  (abacavi r, didanos ine or zidovudine plus  lamivudine, or emtrici tabine) or lopinavi r/ri tonavi r plus  two NRTIs  (same choices  as  for
nevi rapine).

120. The answer is a. (Levinson, Ch 42, 43. Murray, Ch 60. Ryan, Ch 16.) The widespread dis tribution of WNV (a) across  the United States  and the high
incidence of infections , most of which are asymptomatic or only mi ldly symptomatic, has  led centers  that col lect blood for transfus ion to test a l l
donors  for the vi rus . This  i s  done by nucleic acid ampl i fi cation tests  (NAAT) on pools  of donors . If a  pos i tive pool  i s  found, each donor i s  tested
individual ly. For 2012, the Centers  for Disease Prevention and Control  recorded 5890 cases  of WNV i l lness , of which 2734 were neuroinvas ive.
Among those with neuroinvas ive disease, 243 died (~9%). Almost 600 asymptomatic blood donors  were reported. The incidence of St. Louis
encephal i ti s  i s  too low to warrant testing the blood supply at this  time. Dengue vi rus  (c) rarely causes  encephal i ti s  and i s  currently transmitted
endogenous ly only in Florida. Coltivirus (e) may be transmitted to recipients  of blood from donors  infected with the vi rus , but this  vi rus  i s  restricted
to the Rocky Mounta in s tates  and i s  not routinely tested for in other s tates . Travel  his tory would exclude dengue vi rus  and Coltivirus. HSV (d) i s  not
transmitted by arthropods . See the table accompanying answer to question 72 for addi tional  information.

121. The answer is b. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Whi le the majori ty of CMV (b) infections  acquired in young adulthood are
asymptomatic, some may develop heterophi le-negative mononucleos is  syndrome, described in the vignette. Genera l ly, the lymphadenopathy and
pharyngi ti s  are less  severe than that seen with infectious  mononucleos is  caused by EBV (c). Adult primary CMV infection may a lso mani fest as
hepati ti s , but tests  for HAV, HBV, and HCV would be negative. Adeno-vi rus  (a), parvovi rus  B19 (d), and HCV (e) do not cause mononucleos is
syndrome.

122. The answer is c. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) IFN-α and IFN-β are proteins  that a l ter cel l  metabol i sm to inhibi t vi ra l  repl ication.
They activate 2'-5'-ol igoadenylate synthase, which in turn activates  RNase L to degrade poly(A) mRNA transcripts . Together with dsRNA
intermediates  produced during repl ication of RNA vi ruses , IFN activates  protein kinase R, which then phosphorylates  eukaryotic ini tiation factor-2,
rendering i t nonfunctional . The activation of these cel lular proteins  i s  known as  the antivi ra l  s tate (c). Ribavi rin di rectly inhibi ts  the vi ra l  RNA
polymerase (b) and interferes  with guanos ine-dependent processes  within the cel l  (e). Nei ther IFN nor ribavi rin blocks  vi ra l  envelope fus ion with
host cel l  membrane (a) or inhibi ts  vi ra l  proteases  (d).

123. The answer is b. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) Since this  was  diagnosed and confi rmed as  a  Hepati ti s  A infection, there i s  l i ttle
l ikel ihood of long-term sequelae. However, persons  over 40 and those younger than 12 months  are more l ikely to have severe mani festations . One
dose of s tandard γ-globul in (b), which conta ins  antibodies  from a  series  of normal  population individuals , wi l l  provide pass ive protection to the
fami ly members  for severa l  weeks  due to the presence of antibodies  aga inst HAV. Vaccination with the ki l led HAV vaccine (c), which i s
recommended by CDC (http://www.cdc.gov/hepatitis/HAV/HAVfaq.htm#general), i s  for those in the 12 months  to 40 years  age bracket. IFN-α (a)
treatment i s  approved only for HBV and HCV infections . HAV transmits  readi ly, so the quarantine and observe approach (d) and the no-treatment
option (e) wi l l  not guarantee that transmiss ion wi l l  not occur within the fami ly.

124. The answer is b. (Levinson, Ch 37, 39, 43, 45. Murray, Ch 51, 62. Ryan, Ch 10, 1, 18.) The les ions  described and shown are characteris tic of Kapos i
sarcoma caused by human herpesvi rus  8 (b). This  i s  the most common opportunis tic skin disease seen in males  with AIDS. Baci l lary angiomatos is ,
caused by Bartonella henselae (a ) or B. quintana, i s  the second most common; i t i s  characterized by vascular blood-fi l led nodules . Human T-cel l

http://www.cdc.gov/hepatitis/HAV/HAVfaq.htm#general


leukemia  vi rus  (d) may cause nodular, indurated, or exfol iative skin les ions  associated with acute T-cel l  leukemia. HTLV infections  are seen most
frequently in persons  originating from or having l ived in certa in parts  of Japan, the Caribbean, Centra l  or West Africa , or South America , or who i s  a
Native American Indian. HPV (c) causes  papi l lomatous , or wartl ike, outgrowths  of the skin and mucous  membranes . Staphylococcus aureus (e) causes
abscesses  in the skin characterized by swel l ing, redness , warmth, and pa in; such les ions  do not usual ly appear in the ora l  cavi ty.

125. The answer is c. (Levinson, Ch 32. Murray, Ch 45, 46. Ryan, Ch 7.) A latent infection i s  usual ly mani fested by pers is tence of vi ra l  genomes,
express ion of none or a  few vi ra l  genes , and surviva l  of the infected cel l s . Reactivation with shedding of infectious  vi rions  may occur sporadica l ly
or not at a l l , usual ly dependent on immune competence. HSV (b) becomes  latent in neurons . Adenovirus  (a) can form latent infection of lymphoid
tissue (tons i l s , adenoids , Peyer patches). Epstein–Barr vi rus  (c) becomes  latent in B cel l s  in the presence of immunocompetent T cel l s . Al l  three
vi ruses  can be reactivated by loss  of immunocompetence, infection with another agent, and other triggers , depending on the vi rus . Meas les  vi rus
(d) can develop defective mutants , which cause pers is tent infection of the bra in resul ting in SSPE approximately 10 years  after primary meas les .
Rabies  vi rus  (e) has  a  long incubation time with the vi rus  repl icating s lowly in muscle cel l s  and then periphera l  nerves  at the s i te of entry for 60 to
365 days  after the bi te. These latter two infections  are pers is tently repl ica-tive rather than latent.

126. The answer is b. (Levinson, Ch 34. Murray, Ch 47. Ryan, Ch 6.) The symptoms described for her i l lnesses  on both November 6 and December 5 are
cons is tent with influenza. However, the November 6 i l lness  (a) was  not caused by nH1N1 influenza  vi rus ; the low ti ters  (10 on November 6 and 10
on November 30) most l ikely represent cross -reacting antibodies  from the agent that caused her fi rs t i l lness . The greater than fourfold ri se in ti ter
from 10 on November 30 (basel ine) to 160 on December 20 reflects  a  defini tive diagnostic ri se in antibody aga inst nH1N1 influenza  vi rus . Thus , her
December 5 i l lness  (b) was  influenza. There i s  enough serologic evidence to make the diagnos is  (choice e i s  incorrect).

127. The answer is d. (Levinson, Ch 31. Murray, Ch 44, 49. Ryan, Ch 7.) The description of the vi ra l  genome as  dsDNA and the vi rion as  nonenveloped fi ts
Mastadenovirus (human adenoviruses), Papillomavirus (HPV), and Polyomavirus (d), which i s  the only one of the three given as  a  choice. The new vi rus
has  been given the name Merkel  cel l  polyomavirus , or Polyomavirus type MCPyV. It i s  the fi rs t Polyomavirus associated with a  human cancer; genera l
scienti fi c opinion suggests  that MCPyV causes  most Merkel  cel l  cancers . Orthohepadnavirus (HBV) (c) i s  enveloped and partia l ly dsDNA; i t i s
associated with hepatocel lular carcinoma. Erythrovirus (parvovi rus  B19) (b) i s  nonenveloped, but i s  s sDNA. Alphavirus (togavi rus ) (a ) i s  a  (+) ssRNA
enveloped vi rus , and Rotavirus (e) i s  a  dsRNA nonenveloped vi rus . Erythrovirus, Alphavirus, and Rotavirus have not been associated with cancer in
humans  or animals .

128. The answer is a. (Levinson, Ch 42, 43. Murray, Ch 60. Ryan, Ch 16.) The i l lness  described in the vignette i s  dengue (breakbone fever) (a ) i s  the most
common arthropod-borne infection among humans . There are four serotypes  of dengue vi rus , which belong to the Flaviviridae, each caus ing the
same type of symptoms. Yel low fever (e), caused by the yel low fever vi rus , i s  another flavivi rus ; i t i s  characterized by fever with hemorrhage and
hepati ti s . Hepati ti s  C (c) i s  caused by another flavivi rus , the HCV, but this  infection mani fests  as  hepati ti s , rather than fever and bone pa in; HCV i s
not spread by mosquitoes . Hemorrhagic fever with renal  syndrome (b) i s  caused by the Old World s tra ins  of Hantavirus (Bunyaviridae), and i s  spread
by rodents ; the disease i s  seen in East As ia , Eastern Europe, western Russ ia , and Japan. Rubel la  (d), a  very mi ld disease, i s  caused by Rubivirus, a
member of the Togaviridae; unl ike the Alphavirus genus , Rubivirus i s  not spread by arthropods .

129. The answer is d. (Levinson, Ch 31, 41. Murray, Ch 44, 63. Ryan, Ch 6, 13.) The vignette describes  a  patient with chronic hepati ti s  most l ikely acquired
by blood transfus ion, which could be caused by HBV or HCV. HCV infection i s  far more l ikely to lead to chronic hepati ti s  (approximately 85% in
adults ) than HBV (about 5% in adults ); and HCV infection leads  to a  chronic i l lness  characterized by fluctuating levels  of l iver enzymes  and
bi l i rubin, with normal  resul ts  obta ined at times . Acquis i tion of HDV leads  to exacerbation of HBV i f superinfection occurs  or as  acute infection i f
coinfection occurs ; i f the HBV infection continues  as  a  chronic infection, HDV may become chronic as  wel l . The answer requires  knowledge of the
fami l ies  of vi ruses  in which the hepati ti s  vi ruses  res ide as  wel l  as  those that are bloodborne (HBV, HDV, and HCV) versus  those that are feca l -
ora l ly transmitted (HAV and HEV), which do not lead to chronic infection. HCV i s  a  ss (+)RNA vi rus  belonging to the Flaviviridae (d). HBV i s  a  partia l ly
dsDNA vi rus  belonging to the Hepadnaviridae (a ); HDV, which can only be acquired when HBV is  present, i s  a  ss (–)RNA vi rus  known as  Deltavirus (e);
HAV is  a  ss (+)RNA vi rus  belonging to the Picornaviridae (c); and HEV i s  a  ss (+)RNA vi rus  belonging to the new fami ly Hepeviridae (b).

130. The answer is c. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) The markers  of HBV infection, in order of appearance, are hepati ti s  B surface antigen
(c), hepati ti s  e antigen (b), anti -hepati ti s  B core antigen IgM (e), and anti -hepati ti s  B e antigen (d), fol lowed by anti -hepati ti s  B surface antigen
IgG i f the infection resolves . Hepati ti s  B core antigen (a) i s  found only in the nuclei  of infected hepatocytes  and not free in the bloodstream,
a l though i t i s  present in ci rculating intact hepati ti s  B vi rions  (origina l ly ca l led “Dane particles”).

131. The answer is c. (Levinson, Ch 39, 43, 45. Murray, Ch 62. Ryan, Ch 18.) After a  long incubation period (up to 30 years ), HTLV-1 (d) can cause ei ther
acute T-cel l  leukemia, a  disease of CD4+ T lymphocytes , or HTLV-associated myelopathy/tropica l  spastic pares is . The vi rus  i s  dis tributed
worldwide, but found in concentrations  in Southwest Japan, the Caribbean bas in, some Sub-Saharan African countries , and South America ,
especia l ly countries  abutting the Caribbean Sea. In the United States , HTLV-1 i s  found mainly in immigrants  from endemic areas , chi ldren of
immigrants , sex workers , and IV drug users . HTLV-2 (d) causes  ha i ry cel l  leukemia, a  disease of CD8 T lymphocytes . It i s  found in high
concentrations  among indigenous  peoples  in Centra l , South, and North America  (Native Americans) and in Europe among IV drug users . HIV-1 (a) i s
the causative agent of acute retrovi ra l  syndrome and AIDS. HIV-2 (b) causes  a  less -aggress ive infection s imi lar to that caused by HIV-1. HIV-2 i s
rare in the developed world; most cases  are found in West Africa .

132. The answer is d. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Al l  of the choices  l i s ted can cause corneal  ulceration. However, HSV type 1 (d) i s
the most l ikely etiologic agent, in part because of the dendri tic ulcers , which are characteris tic of HSV corneal  infection. Fungal  infection (Fusarium,
c) i s  frequently associated with a  his tory of outdoor trauma involving plant materia l ; an outbreak of fungal  kerati ti s  was  associated with
contaminated contact lens  mois tening solution, but has  resolved. Acanthamoeba kerati ti s  (a ) occurs  most frequently in contact lens  wearers  and i s
associated with water exposure. Foreign bodies  (b) may cause abras ions , but these would not appear dendri tic. Al lergies  (e) are not as  l ikely to
cause ulceration; nor does  the young man give a  his tory of connective ti ssue disease such as  rheumatoid arthri ti s  or SLE, which can be associated
with ophthalmic pathology.

133. The answer is d. (Katzung, Ch 49. Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Acyclovi r and i ts  derivatives  va lacyclovi r (d), famciclovi r, and
penciclovi r a l l  are effective in treating active herpes  zoster (shingles ). There i s  some evidence that va lacyclovi r and famciclovi r are better in
speeding cutaneous  heal ing and resolving pa in than acyclovi r. Only acyclovi r may be used in chi ldren. Amantadine (a) blocks  the M2 channel  of
influenza  A vi rus , a l though the vast majori ty of s tra ins  ci rculating currently are res is tant; boceprevi r (b) i s  an inhibi tor of HCV NS3/4A protease;
ribavi rin (c) i s  used in the treatment of HCV and respiratory syncytia l  vi rus ; and zidovudine (e) i s  a  nucleos ide reverse transcriptase inhibi tor used
in the treatment of HIV.

134. The answer is e. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) The vignette describes  cytomegal ic inclus ion disease (CID) caused by CMV (e).



Seizures , deafness , jaundice, and purpura  can a lso occur. CID i s  a lso one of the leading causes  of menta l  retardation in the United States . Rubel la
vi rus  (a) causes  CRS, which has  some s imi lari ties  to CID, but di ffers  in ophthalmic and cardiac mani festations  are part of the syndrome. Mumps
virus  (d) and respiratory syncytia l  vi rus  (b) do not cross  the placenta. HIV (c) can cross  the placenta  but does  not produce the symptoms/findings
described in the vignette.

135. The answer is b. (Levinson, Ch 39, 46. Murray, Ch 56. Ryan, Ch 9, 10.) The vignette describes  an adult woman with mumps  vi rus  (Rubulavirus) (b)
infection, or mumps, who develops  oophori ti s , a  compl ication that occurs  in postpuberta l  females . Cytomegalovi rus  (a), rabies  vi rus  (c), respi ratory
syncytia l  vi rus  (d), and rubel la  vi rus  (e) do not cause this  cl inica l  picture.

136. The answer is a. (Levinson, Ch 30, 39. Murray, Ch 44, 57. Ryan, Ch 6, 9.) Antigenic dri ft (a ) in which point mutations  gradual ly change the antigenic
s tructure of the hemagglutinin (H) and neuraminidase (N) proteins  of Influenzavirus A, making an antibody developed aga inst the origina l  s tra in
less  neutra l i zing for the dri fted s tra in. Antigenic shi ft (b) i s  another name for reassortment recombination that occurs  in segmented RNA vi ruses .
With Influenzavirus A, two di fferent HN types  infect the same cel l , usual ly in a  pig; during packaging, the H (and/or N) segments  are packaged in
di fferent combinations  than the origina l  vi ruses ; that i s  H1N1 becomes  H2N1. Intramolecular recombination (d) occurs  by homologous
recombination in DNA vi ruses  or s trand switching in nonsegmented RNA vi ruses . Complementation (c) resul ts  when a  protein from a  wi ld type
virus  a l lows  a  repl ication-defective vi rus  to be repl icated and packaged into infectious  vi rions ; i t does  not repair the genetic defect. Phenotypic
mixing occurs  when two or more vi ruses  of the same genus  but di fferent serotypes  repl icate in the same cel l ; for example, pol iovi rus  type 1 and
type 2 repl icating together could produce vi rions  with caps ids  conta ining both type 1 and type 2 proteins .

137. The answer is d. (Levinson, Ch 46. Murray, Ch 58. Ryan, Ch 16.) Very few persons  have survived symptomatic rabies  when untreated; of the fi rs t s ix
recorded cases , three had received rabies  vaccine before onset of cl inica l  symptoms. In 2009, a  regimen of aggress ive therapy involving ribavi rin,
amantadine, and a  ketamine–midazolam-induced coma was  success ful  in saving the fi rs t patient on whom i t was  used. The origina l  protocol  and
variations  have been used s ince with l i ttle success ; therefore, (c) i s  incorrect. Thus , rabies  should be cons idered a lmost invariably fata l  (d) once
cl inica l  symptoms begin. Adult patients  recover from some forms  of vi ra l  encephal i ti s , such as  western equine and eastern equine encephal i ti s
without compl ications  (a), whereas  chi ldren often suffer seizure disorders  (b) and other compl ications ; this  i s  reversed with St. Louis  and West
Ni le encephal i ti s .

138. The answer is e. (Levinson, Ch 40. Murray, Ch 54. Ryan, Ch 9, 12.) Rhinoviruses  (e) are the most common cause of common colds . They can be
recovered from people with mi ld upper respi ratory i l lness . Their preference for growth at 33°C confines  rhinovi ruses  to the nasopharynx and
oropharynx; thus , serious  infection caused by rhinovi ruses  i s  rare. Neutra l i zing IgG and IgA antibodies  form but las t only about 18 months . More
than 100 serotypes  are known, each requiring speci fic neutra l i zing antibody. For these reasons , development of a  vaccine aga inst rhinovi ruses
would be di ffi cul t, i f not imposs ible; nor i s  such a  vaccine necessary due to the mi ld nature of the i l lnesses  caused. Excel lent vaccines  are
avai lable aga inst mumps  vi rus  (b) and rabies  vi rus  (c). A pass ive vaccine, the monoclonal  antibody pa l ivi zumab, i s  ava i lable for premature infants
for prophylaxis  aga inst RSV (d). No vaccine i s  ava i lable for CMV (a).

139. The answer is e. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) The diagnos is  of hepati ti s  begins  with the cl inica l  symptoms and i s  confi rmed by the
resul ts  of speci fic serologic tests , in this  case the detection of anti -HAV IgM (e). The case presentation does  not suggest hepati ti s  B (longer
incubation, ins idious  onset), so HBsAg (b) i s  unl ikely to be helpful . Vi ra l  cul ture (a) i s  not routinely done for any of the hepati ti s  vi ruses , a l though
some wi l l  grow in cel l  cul ture. Electron microscopy on s tool  (c) might be pos i tive, but would not be speci fic and i s  not genera l ly ava i lable for
cl inica l  diagnos is . Rotavi rus  (d) causes  gastroenteri ti s , not hepati ti s .

140. The answer is c. (Levinson, Ch 39. Murray, Ch 57. Ryan, Ch 9.) The symptoms described by the phys icians  are those of class ic uncompl icated
influenza  (c), which usual ly occurs  in success ive waves  of infection (outbreaks) with peak incidences  during the winter months  in temperate
cl imates . The abrupt onset of systemic symptoms (fever, chi l l s , head, and muscle aches) fol lowed by respiratory symptoms i s  typica l  of influenza.
Neither the common cold (a) or pharyngi ti s  (d) takes  into account the whole group of symptoms. Some patients  may develop primary vi ra l
pneumonia  or secondary bacteria l  pneumonia , but the symptoms are not characteris tic of pneumonia  (e). Hand-foot-and-mouth disease (b) i s  not
as  severe and includes  ves icular les ions .

141. The answer is b. (Levinson, Ch 39, 46. Murray, Ch 56. Ryan, Ch 9, 10.) Live, attenuated meas les  vi rus  (b) vaccine given at 15 months  to 2 years  of age
effectively prevents  meas les  in 95% of chi ldren. Revaccination at 4 to 6 years  or 11 to 15 years  i s  recommended to mainta in immunity. Inactivated
virus  (a) does  not provide sufficient protection. Recombinant vi ra l  protein (c) may be used when neutra l i zing IgG i s  sufficient to prevent target
infection, which i s  not the case with meas les  vi rus . Pooled immunoglobul in i s  used for pass ive immunization postexposure in the
immunocompromised; vi rus -speci fic immunoglobul in (d) i s  not ava i lable. Wi ld-type l ive vi ruses  (e) are never used as  vaccines .

142. The answer is e. (Katzung, Ch 49. Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Acyclovi r i s  an analog of guanos ine or deoxyguanos ine that s trongly
inhibi ts  HSV but has  l i ttle effect on other DNA vi ruses . It a l so has  few s ide effects  because the drug i s  activated only within HSV-infected cel l s  by
the vi ra l  enzyme thymidine kinase (e). HSV does  encode a  DNA-dependent DNA polymerase (a) which recognizes  acyclovi r triphosphate and
incorporates  the activated drug into the growing nucleotide cha in, ending DNA synthes is ; but this  enzyme does  not activate acyclovi r. Integrase (b)
and protease (c) are drug targets  for anti retrovi ra l  therapy; proteases  of HCV and influenza  vi rus  (neuraminidase) are a lso targeted by speci fic
antivi ra ls . Ribavi rin targets  the RNA-dependent RNA polymerases  (d) of severa l  minus  sense ssRNA vi ruses , especia l ly respi ratory syncytia l  vi rus
and Lassa  fever vi rus .

143. The answer is e. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) The best approach to prevent HBV infection in a  neonate born to an HBV-pos i tive
mother i s  to give HBIg and immunize with rHBV vaccine at bi rth (e). A person with chronic hepati ti s  B infection develops  antibodies  to HBcAg, and
sometimes  to HBeAg, nei ther of which i s  protective (neutra l i zing). Therefore, wai ting unti l  maternal  antibodies  diminish (b) would leave the baby
unprotected. HBIg a lone (a) does  not provide immunity later and adminis tration of HBV vaccine a lone at bi rth (c) or at 1 year (d) wi l l  not provide
the necessary immediate protection.

144. The answer is e. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) VZV (e) i s  a  herpesvi rus  that causes  chickenpox, a  highly contagious  disease of
chi ldhood that used to occur in outbreaks  in late winter and early spring. It i s  characterized by a  fever, mala ise, and genera l i zed ves icular
eruption with relatively ins igni ficant systemic mani festation in immuno-competent chi ldren. Advent of an effective l ive attenuated vaccine in 1995
has  reduced the number of cases  of chickenpox by 90% and morta l i ty has  decreased 66%. Adults  and immunocompromised individuals  have more
severe disease. Meas les  vi rus  (d) produces  a  maculopapular rash. Adenovirus  (a), CMV (b), and HPV (c) do not produce maculopapular or ves icular
rashes .

145. The answer is e. (Levinson, Ch 38. Murray, Ch 50. Ryan, Ch 9, 15.) Adenovirus  (e) has  been associated with acute respiratory disease in adults ,



frequently among newly enl i s ted mi l i tary troops . Close l iving conditions  and s trenuous  exercise may account for the severe infections  seen in this
otherwise heal thy group. VZV (a) often causes  pneumonia  in adults  with chickenpox; the typica l  crops  of ves icular skin les ions  would usual ly be
present as  an a id to this  diagnos is . Cytomegalovi rus  (d) causes  pneumonia  in persons  immunocompromised by loss  of T-cel l  function (AIDS, organ
transplant recipients , persons  undergoing chemotherapy for cancer). Papi l lomavirus  (c) may cause papi l lomas  in the respiratory tract (ora l ,
laryngeal ) but does  not cause the symptoms described or pneumonia . Rotavi rus  (b) does  not infect the respiratory tract.

146. The answer is a. (Kumar, Ch 5. Levinson, Ch 38, 43. Murray, Ch 49. Ryan, Ch 19.) Epidermodysplas ia  verruci formis  (EV) (a ), an inheri ted disorder most
commonly autosomal  recess ive, has  been l inked to defective cel l -mediated immunity due to mutations  in EVER1 and EVER2, a l though their exact
mechanism of pathogenes is  in EV i s  not known. EV leads  to widespread HPV infection that mani fests  as  flat warts  dis tributed over the enti re
body. The disorder leads  to cutaneous  squamous  cel l  carcinoma in 30% to 70% of the patients . NPC (d) i s  l inked to Epstein–Barr vi rus  infection,
primari ly in persons  of Southeast As ian and North African descent. Fami l ia l  adenomatous  polypos is  (b), Li–Fraumeni  syndrome (c), and xeroderma
pigmentosum (e) are inheri ted disorders  in the APC gene, p53 gene, and mechanisms  of DNA repair, respectively. They are not associated with vi ra l
infections .

147. The answer is e. (Levinson, Ch 40. Murray, Ch 59. Ryan, Ch 9, 15.) Rotavi ruses  cause the major portion of diarrheal  i l lness  in infants  and chi ldren
worldwide but not in adults . They are nonenveloped RNA vi ruses  conta ining 11 segments  of double-s tranded RNA genome (e) within a  double-
shel led caps id. Rotavi ruses , l ike the influenzavi ruses  that have a  segmented genome, can undergo genetic reassortment. Other vi ruses  that cause
gastroenteri ti s  are represented by adenovirus  40/41, double-s tranded DNA (a) and norovi rus , nonsegmented s ingle-s tranded plus -sense RNA (d).
Segmented s ingle-s tranded minus-sense RNA vi ruses  (c) and s ingle-s tranded DNA vi ruses  (b) do not cause gastroenteri ti s . See the table in
answer to question 114 for addi tional  information.

148. The answer is b. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Young athletes  with splenomegaly from infectious  mononucleos is  are at ri sk of
splenic rupture (b). They should be advised to refra in from contact sports  unti l  thei r symptoms have resolved. Heat exhaustion (a) could occur in
any athlete and i s  not a  consequence of EBV infection; malnutri tion (c) i s  unl ikely to occur in an IM patient in the United States . Aplastic cri s i s  (d)
i s  not a  resul t of EBV infection but a  compl ication of parvovi rus  B19 infection in persons  with anemia  or hemoglobinopathy such as  s ickle disease.

149. The answer is e. (Levinson, Ch 42, 43. Murray, Ch 60. Ryan, Ch 16.) The vignette describes  class ic yel low fever (e), which i s  endemic in the tropica l
regions  of Africa , South America , and Centra l  America . There i s  a  vaccine aga inst yel low fever, and travelers  to endemic regions  are advised to
obta in immunization 9 months  in advance. In 2012, there was  an outbreak of yel low fever in Darfur that resul ted in 849 cases  with 171 deaths .
Dengue hemorrhagic fever (a) i s  a  poss ibi l i ty, but this  i s  preceded by typica l  dengue and i s  not accompanied by jaundice, nor does  i t proceed as
quickly. Hantavi rus  cardiopulmonary syndrome (b) i s  caused by New World hanta-vi ruses  and i s  seen in North and South America . Hemorrhagic
fever with renal  syndrome (c) i s  caused by Old World hantavi ruses  and i s  seen mainly in Eastern As ia , Eastern and Northern Europe, and Japan.
SARS (d), caused by the novel  SARS coronavirus , appeared in China  in 2002, became pandemic, and then disappeared; a  new outbreak occurred in
2004, but did not spread. In 2012, another novel  coronavirus  that causes  a  SARS-l ike i l lness  appeared in Saudi  Arabia ; cases  have occurred in Saudi
Arabia , Qatar, and Bri ta in.

150. The answer is b. (Levinson, Ch 34. Murray, Ch 47. Ryan, Ch 6.) Antibody measurements  aga inst vi ruses  may be a  useful  diagnostic tool  i f two serum
samples  are col lected from the patient. The acute serum is  col lected as  early in the i l lness  as  poss ible, and the convalescent serum is  col lected 7
days  to 2 weeks  later. Both are included in the same test run aga inst the vi ra l  antigen. The sera  are di luted in a  twofold manner beginning with a
1:2 or 1:10 di lution, depending on the vi rus . A fourfold or greater ri se in ti ter between the acute and convalescent sera  indicates  recent primary
infection (b). Ti ters  that are equal  or only twofold di fferent (up or down) indicate past infection (d). In an anamnestic response (c), the ti ters  are
usual ly the same, but are much higher than the peak ti ter observed during primary infection; for example, 2560, 5120, or 10,240. However, such a
response i s  usual ly detected only during epidemiologic s tudies  as  the patient i s  unl ikely to symptomatic during a  second infection with the same
virus . See the figure for comparison of antibody response to primary infection and re-exposure.



Graphs  comparing the antibody responses  to primary infection to influenza  A vi rus  (top) and re-exposure to the same vi rus  (bottom).

151. The answer is d. (Levinson, Ch 37, 43. Murray, Ch 51. Ryan, Ch 10, 14.) Epstein–Barr vi rus  (d), more commonly known for caus ing infectious
mononucleos is , has  been associated with severa l  lymphomas, the fi rs t of which was  Africa  Burki tt lymphoma, described in the vignette. More
recently, Burki tt lymphoma (outs ide of Africa) and Hodgkin lymphoma were added to the l i s t. In males  with congenita l  T-cel l  defects ,
overwhelming B-cel l  leukemia/lymphoma can occur. Cytomegalovi rus  (c) and HSV (e) are not associated with lymphoprol i ferative disorders ; nor



are Borrelia burgdorferi (a ) or Chlamydia trachomatis (b). Antibodies  to EBV-speci fic antigens  are used as  an a id to diagnos is  of EBV-related
conditions  other than infectious  mononucleos is . Antibodies  to VCA and EBNA are more commonly ordered when the heterophi le i s  negative and
EBV infection i s  suspected.

152. The answer is a. (Levinson, Ch 37, 43. Murray, Ch 51. Ryan, Ch 10, 14.) Epstein–Barr vi rus  (a) causes  a  variety of syndromes  other than infectious
mononucleos is , including an association with NPC, a  disease commonly seen in adults  in As ia , a l though the development of NPC after EBV
infection i s  not l imited to persons  of As ian descent. EBV components  have been detected in cel l s  from patients  with NPC by PCR. No such evidence
of the presence of mumps  vi rus , parvovi rus  B19, rubeola  vi rus , or rubel la  vi rus  within NPC has  been observed. See the above table.

153. The answer is c. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) CMV, which i s  usual ly asymptomatic or causes  mi ld symptoms in immuno-
competent persons , can cause a  variety of devastating diseases  in patients  with AIDS, including retini ti s  (c), esophagi ti s , col i ti s , and encephal i ti s .
Aplastic cri s i s  (a ) i s  associated with parvovi rus  B19 infection in persons  with s ickle cel l  anemia  and other hemoglobinopathies ; kidney fa i lure (b)
can resul t from CMV infection of a  transplanted kidney; Reye syndrome (d) occurs  mainly in chi ldren associated with VZV and other vi ra l  infections
i f aspi rin i s  used to reduce fever; SSPE (e) i s  an uncommon, letha l , late compl ication of meas les  vi rus  infection.

154. The answer is c. (Levinson, Ch 38, 43. Murray, Ch 49. Ryan, Ch 19.) The diagnos is  of a  vi ra l  infection i s  made eas ier by the creation of a  greater
number of diagnostic vi rology laboratories  during the las t few decades . In order for vi ra l  diagnos is  to be success ful , the most appropriate
specimen must be col lected for the disease in question. The best screening test for cervica l  HPV infection i s  a  Pap smear on cel l s  from the cervix



for the presence of koi locytes  (c), which are pathognomonic for HPV infection in any s i te. DNA molecular probe for HPV genomes  (in s i tu
hybridization) (a ) and PCR for HPV DNA (d) are used to determine the type of HPV infection. HPV does  not grow in vi ra l  cul ture (e) and HPV-speci fic
antibodies  (b) are not helpful  for determining cervica l  infection.

155. The answer is b. (Levinson, Ch 42, 43. Murray, Ch 60. Ryan, Ch 16.) The enti re fami ly experienced dengue (breakbone fever). The man, who had
previous ly been infected with one dengue vi rus , and the 6-year-old suffered dengue hemorrhagic fever (b). This  compl ication i s  seen primari ly in
chi ldren younger than 15 years  of age and in some who have been infected with one serotype of dengue vi rus  and are subsequently infected with
another. Nothing in the vignette suggests  acute respiratory dis tress  syndrome (a), encephal i ti s  (b), Gui l la in–Barré syndrome (d), or a  secondary
bacteria l  infection (e).

156. The answer is b. (Levinson, Ch 40. Murray, Ch 54. Ryan, Ch 9, 12.) Coxsackievi rus  B (b) i s  the major cause of vi ra l  myocardi ti s ; this  group a lso causes
pleurodynia , pancreati ti s , orchi ti s , CNS disease, and respiratory infections . Stra ins  of Coxsackievi rus  A (a) cause CNS disease, herpangina, hand-
foot-and-mouth disease, acute hemorrhagic conjunctivi ti s , and respiratory tract infections . Echovirus  11 (c) i s  primari ly associated with CNS
disease, rashes , and respiratory tract infections . Enterovi rus  70 (d) causes  acute hemorrhagic conjunctivi ti s . Pol iovi rus  3 (e) causes  aseptic
meningi ti s  and para lytic pol iomyel i ti s . Enterovi ruses  are shed during the fi rs t days  of infection and may be i solated from the respiratory tract
during acute infection; they are shed from the intestina l  tract for up to 30 days  after symptoms appear. The best specimen for diagnos is  i s
ti ssue/fluid from the target, in this  case the heart, but that i s  not a lways  poss ible. Characterization of an enterovi rus  i solated from the s tool  as
the etiologic agent can be corroborated by serology in the case of vi ra l  myocardi ti s  because the number of serotypes  i s  l imited.

157. The answer is a. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) The vignette describes  an adult with chickenpox. Adults  who contract VZV have an
increased ri sk for varicel la  pneumonia  (the majori ty of VZV pneumonia  occur in adults ) and other compl ications , including VZV encephal i ti s . H&E
sta ining of cel l s  obta ined by bronchoalveolar biopsy would show cel l s  with eos inophi l i c intranuclear Cowdry A inclus ion bodies  (a) and
multinucleated giant cel l s , both typica l  of HSV and VZV infections . Guarnieri  bodies  (b) indicate poxvi rus  infection; koi locytes  (c) are seen in HPV
infected cel l s ; Negri  bodies  (d) are produced by rabies  vi rus ; and owl ’s  eye cel l s  (e) with basophi l i c intranuclear inclus ions  are typica l  of
cytomegalo-vi rus  infection. See the diagram in answer to question 92.

158. The answer is c. (Katzung, Ch 49. Levinson, Ch 39. Murray, Ch 57. Ryan, Ch 9.) Osel tamivi r (c) and zanamivi r are the current drugs  of choice to treat
influenza. Both drugs  inhibi t the neuraminidase of Influenzavirus A and Influenzavirus B. Amantadine (a) and i ts  ana log rimantadine, drugs  that
block the M2 channel  of Influenzavirus A only, are no longer recommended due to widespread res is tance among ci rculating influenzavi ruses .
Foscarnet (b) i s  used to treat cytomegalovi rus  infection, ribavi rin (d) i s  used to treat respi ratory syncytia l  vi rus  infection, and zidovudine (e) i s  an
anti retrovi ra l  drug used to treat HIV infection.

159. The answer is a. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) The most l ikely hepati ti s  vi rus  involved in a  particular i l lness  or outbreak can be
postulated by the route of transmiss ion, the incubation period, and the type of onset.

160. The answer is c. (Levinson, Ch 38. Murray, Ch 50. Ryan, Ch 9, 15.) The lack of vomiting, duration of her symptoms, and timing of onset of her brothers ’
symptoms described in the cl inica l  vignette, and her up-to-date immunization aga inst rotavi rus  s trongly suggest that adenovirus  i s  the etio-logic
agent. Therefore, an EIA for adenovirus  types  40/41 (c) i s  the best test. Rotavirus and Norovirus infections  can a lso be diagnosed by EIA; however,
cul ture for Norovirus (a ) i s  not ava i lable and serology for Rotavirus (e) would be expected to be pos i tive due to her immunizations . An EM
examination of s tool  for as trovi rus  (d) would not l ikely be ava i lable in most cl inica l  settings , a l though EM can a lso reveal  Rotavirus, Norovirus and
other ca l icivi ruses , and adenovirus . Enterovi ruses , a l though they infect cel l s  of the intestina l  tract, do not usual ly cause acute gastroenteri ti s . A
DFA for enterovi rus  on intestina l  biopsy (b) would not l ikely be helpful  in establ i shing the etiologic agent. See the table in the answer to
question 114 for addi tional  information.

161. The answer is b. (Levinson, Ch 40. Murray, Ch 59. Ryan, Ch 9, 15.) EIA (b) i s  the best test for cl inica l  diagnos is  of rotavi rus  infection. Cul ture (a) i s
now poss ible, but i s  not routinely done. Electron microscopy (c) detects  rotavi rus  infection as  wel l  as  other vi ruses  that cause gastroenteri ti s , but
EM is  not routinely ava i lable for cl inica l  diagnos is . His tologic examination of biopsy (d) would show characteris tic changes  in the smal l  intestine



caused by rotavi rus  but the changes  are s imi lar to those caused by norovi ruses ; such an invas ive test i s  unnecessary. Serology (e) i s  used for
epidemiologic purposes  only. See the table in the answer to question 114 for addi tional  information.

162. The answer is d. (Levinson, Ch 40. Murray, Ch 55. Ryan, Ch 15.) A number of vi ruses  that cause gastroenteri ti s  have been recognized. The table in the
answer to question 160 summarizes  the characteris tics  of these vi ruses . Norovirus (d) has  been associated with outbreaks  in heal thcare settings
(hospi ta ls , nurs ing homes), lei sure settings  (resorts , cruise chips ), schools , and restaurants . Often the source i s  an infected food handler who
fa i l s  to use good hand washing protocol . Rotavirus (e) and adenovirus  40/41 (a) cause infections  primari ly in infants , a l though a l l  ages  can be
affected; both can be diagnosed by EIA. Astrovirus (b) has  been demonstrated by EM in s tools  of young chi ldren and elderly nurs ing home res idents
during outbreaks  of diarrhea. HAV (c) does  not cause gastroenteri ti s . See the table in the answer to question 114 for addi tional  information.

163. The answer is b. (Levinson, Ch 40. Murray, Ch 55. Ryan, Ch 15.) A number of vi ruses  that cause gastroenteri ti s  have been recognized. The table in the
answer to question 160 summarizes  the characteris tics  of these vi ruses . Astrovirus (b) has  been demonstrated by EM in s tools  of young chi ldren
and elderly nurs ing home res idents  during outbreaks  of diarrhea. EIA tests  are ava i lable to detect adenovirus  40/41 (a), Norovirus (d), and Rotavirus
(e), so these cannot be the causative agents . HAV (c) does  not cause gastroenteri ti s . See the table in the answer to question 114 for addi tional
information.

164. The answer is e. (Levinson, Ch 39, 42, 46. Murray, Ch 60. Ryan, Ch 10, 16.) Rubel la  (e), a l so ca l led German meas les  or 3-day meas les , i s  an acute
febri le i l lness  characterized by a  maculopapular rash and lymphadenopathy that affects  chi ldren and young adults . It i s  the mi ldest of the vi ra l
exanthems. Chickenpox (a) i s  characterized by ves icular les ions  appearing in crops  beginning on the trunk and spreading to the extremities .
Les ions  of hand-foot-and-mouth disease (d) are a lso ves icular in nature with the majori ty of the les ions  seen in the s i tes  named. In erythema
infectiosum (b), the rash on the face i s  red and dis tributed on the cheeks , whi le the rash on the body i s  lacy or reticular; the rash blanches  and
returns . Meas les  (c), a l so ca l led rubeola  or hard meas les , i s  a  much more severe i l lness  characterized by prodrome of cough, coryza , and
conjunctivi ti s . The prodrome is  fol lowed by the appearance of Kopl ik spots  on the bucca l  mucosa. The maculopapular rash then appears
beginning on the neck and spreading downward. Meas les  las ts  much longer than rubel la .

165. The answer is c. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) HCV i s  treatable with combinations  of drugs , a l though whether treatment should be
offered and the type of treatment given must be determined on an individual  case bas is . In genera l , those cons idered for treatment should have
elevated serum a lanine aminotransferase (ALT) levels , pos i tive HCV antibody, and pos i tive HCV RNA by PCR. Additional  cri teria , such as  geno-
typing of the vi rus , or presence of coinfection with HIV or HBV, may be needed. The types  of antivi ra ls  ava i lable for HCV infection include IFN-α,
pegylated-IFN-α, ribavi rin, and PIs . The goals  of antivi ra l  therapy are to atta in susta ined eradication of the vi rus  and to prevent progress ion to
ci rrhos is , severe l iver disease requiring l iver transplantation, or hepatocel lular carcinoma. Treatment spans  from 24 weeks  to 1 year depending on
the drug(s ) used and the genotype of the vi rus . The test used to monitor therapy for early vi rologic response, and for susta ined vi rologic response,
i s  the HCV RNA level  (c). The patient a l ready has  antibodies  to HCV, so testing for antibodies , whether IgG (a) or IgM (b), would not determine
effectiveness  of therapy. Serum ALT levels  (e) may be monitored, but are l iable to fluctuate and normal ization of ALT i s  not proof of cure. Liver
biopsy (d) i s  used in some cases  to determine whether antivi ra l  treatment should be ini tiated, but i s  not used to fol low therapy.

166. The answer is d. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) Antivi ra l  treatment for HBV infection was  greatly enhanced by the recognition that the
vi ra l  polymerase has  reverse transcriptase functions . Since 1998, numerous  anti retrovi ra l  reverse transcriptase inhibi tors  have been tried and two
were found to be effective aga inst HBV as  wel l—lamivudine and tenofovi r (d). Additional  antivi ra ls  speci fic for the HBV DNA polymerase have
been developed: adefovi r in 2002, entecavi r in 2005, and telbivudine in 2006. The anti retrovi ra l  zidovudine (e) has  not been effective aga inst HBV.
Acyclovi r (a ) i s  speci fic for HSVs  1 and 2; foscarnet (b) for cytomegalovi rus ; and ribavi rin (c) for severe respi ratory syncytia l  vi rus  infection, HCV
infection, and vi ra l  hemorrhagic fever caused by Lassa  fever vi rus .

167. The answer is a. (Levinson, Ch 39, 42, 46. Murray, Ch 61. Ryan, Ch 16.) La  Crosse vi rus  (a), an arthropod-borne Bunyavirus that causes  vi ra l
encephal i ti s , i s  the most l ikely etiologic agent. This  vi rus  i s  found throughout the eastern ha l f of the United States  from Minnesota  south to
Louis iana  and a l l  s tates  to the east. The majori ty of cases  have been documented from rura l  areas  of Minnesota , Wiscons in, I l l inois , Indiana, and
Ohio; and most occur in chi ldren younger than 16 years  of age. In contrast, St. Louis  encephal i ti s  vi rus  (d) i s  dis tributed through the enti re United
States , with the majori ty of cases  occurring in persons  older than 70 years  of age, and in urban areas . Symptoms of vi ra l  encephal i ti s  are not
sufficient to determine the etiologic agent, but geographic dis tribution and age are good guides  to the presumptive agent. Serologic s tudies , PCR,
or vi ra l  i solation are needed to confi rm the diagnos is . Venezuelan equine encephal i ti s  vi rus  (e) i s  rarely encountered in the United States , and i s
restricted to south Florida  and south Texas . Rabies  vi rus  (c) does  not cause the symptoms described and would be associated with animal  bi te or
exposure to bats . Pol iovi rus  (b), which i s  an enterovi rus , was  ruled out by the negative PCR. See the table accompanying answer to question 72 for
additional  information.

168. The answer is d. (Levinson, Ch 37, 39, 42, 46. Murray, Ch 51, 60. Ryan, Ch 10, 14, 16.) CRS includes  severa l  s igns  and symptoms that overlap with
cytomegal ic inclus ion disease. These are intrauterine growth retardation (a), hepatosplenomegaly (b), microcephaly (c), menta l  retardation and
developmenta l  delays , sensorineura l  hearing loss  (e), and skin les ions  known as  “blueberry muffin spots ,” a l though the etiology of the les ions  i s
di fferent in the two infections . CRS i s  di fferent in that congenita l  heart defects  such as  patent ductus  arteriosus  (d) and pulmonary artery s tenos is ,
and eye defects  such as  cataracts  and infanti le glaucoma a lso occur. Blueberry muffin spots  in CRS are due to dermal  erythropoies is . Cytomegal ic
inclus ion disease i s  characterized by the presence of intercerebra l  ca lci fi cations , cerebra l  atrophy, ventriculomegaly, hematologic abnormal i ties
including thrombocytopenia , and chorioretini ti s ; the blueberry muffin spots  are usual ly smal ler than those seen in CRS and represent petechiae
and purpura  due to low platelets . Previous ly very common, CRS has  been vi rtua l ly el iminated in the United States  with the use of rubel la  vaccine.

169. The answer is b. (Levinson, Ch 32. Murray, Ch 45, 46. Ryan, Ch 7.) Echovirus , an enterovi rus , i s  spread via  the feca l–ora l  route and causes  aseptic
meningi ti s  (b). Coronaviruses  (a) are more commonly spread via  respi ratory droplets  and cause the common cold. HIV (c), the causative agent of
AIDS, i s  spread via  blood and sexual  contact. Influenzavi rus  (d) i s  spread by respi ratory droplets  and causes  influenza  and sometimes  primary
vi ra l  pneumonia . Rabies  vi rus  (e) i s  spread by bi tes  of mammals  and causes  the CNS disease rabies .

170. The answer is a. (Levinson, Ch 42, 43. Murray, Ch 60. Ryan, Ch 16.) The vignette describes  WNV (a) encephal i ti s  presentation in a  person over 60.
Al though preva lent in Europe, Africa , and the Middle East, i t was  not seen in the United States  unti l  the summer of 1999. Since then, the vi rus  has
spread across  the United States  and i s  now endemic in a l l  48 continenta l  s tates . It i s  transmitted by mosquitoes  and bi rds , especia l ly crows, are
the reservoir. WNV infection ranges  from asymptomatic, to a  febri le i l lness  with headache, to neuroinvas ive disease, which ranges  from
meningi ti s  in chi ldren to encephal i ti s  in adul ts ; i t i s  especia l ly severe in persons  over 60 year of age and in the immunocompromised. Up to 10%
of the encephal i ti s  patients  suffer acute flaccid para lys is . The morta l i ty rate can be as  high as  12%, a lmost a l l  in the elderly. Since 2007, a  number
of neuroinvas ive cases  reported to CDC have varied from a  low of 386 in 2009 to 2779 in 2012. St. Louis  encephal i ti s  vi rus  i s  a l so more l ikely to



cause encephal i ti s  in the elderly (most in persons  over 70), but this  infection i s  less  l ikely to occur than WNV; and acute flaccid para lys is  i s  not
part of the presentation. Pol iovi rus  (c), the class ic cause of acute flaccid para lys is , or pol iomyel i ti s  i s  not present in the United States . HSV (d)
encephal i ti s  i s  not associated with acute flaccid para lys is  and i s  characterized by foca l  les ions  in the tempora l  or occipi ta l  lobes  on one s ide of
the bra in. Coltivirus (e) i s  confined to the Rocky Mounta in region and rarely causes  encephal i ti s . See the table accompanying the answer to
question 72 for addi tional  information.

171. The answer is b. (Levinson, Ch 38, 44. Murray, Ch 49. Ryan, Ch 19.) JC vi rus , a  polyomavirus , was  fi rs t i solated from the diseased bra in of a  patient
with Hodgkin lymphoma who was  dying of progress ive multi foca l  leukoencephalopathy (PML), which i s  described in the vignette. This
demyel inating disease occurs  a lmost exclus ively in immunosuppressed persons  (AIDS, leukemia, tumors , and organ transplants ). Recently, PML
has  occurred in patients  receiving nata l i zumab and ri tuximab immune therapy. PML i s  the resul t of abortive infection of as trocytes  and productive
infection of ol igodendrocytes  by JC vi rus  (b). HPVs  cause cutaneous  and mucosa l  infections . Prion variant CJD (c) mani fests  s imi larly to PML, but
bra in biopsy or section at autopsy shows  amyloid plaques  and spongi form vacuoles . SSPE caused by rubeola  (meas les ) vi rus  (d) and occurs  about
10 to 11 years  after cl inica l  meas les ; symptoms include changes  in behavior and intel lect and seizures . WNV (e) causes  acute encephal i ti s  with
symptoms that include headache, fever, and decreased consciousness .

172. The answer is a. (Levinson, Ch 37. Murray, Ch 51. Ryan, Ch 10, 14.) Whi le primary HSV-1 infections  are usual ly asymptomatic, symptomatic disease
occurs  most frequently in smal l  chi ldren (1-5 years  old). Bucca l  and gingiva l  mucosa  are most often involved, and les ions , i f untreated, may las t 2
to 3 weeks . Reactivation resul ts  in sporadic ves icular les ions  that hea l  more quickly than the primary les ions . Fol lowing primary ora l  infection,
whether symptomatic or asymptomatic, the vi rus  enters  the trigeminal  gangl ia  and remains  latent there throughout l i fe (a ). The vi rus  may
reactivate under conditions  of phys ica l , emotional , or menta l  s tress  and i f the individual  becomes  immunocompromised from other infections  or
medica l  conditions . Each individual  i s  unique regarding reactivation of HSV (type 1 or type 2), wi th some having no symptomatic reactivation, some
one or two, and some multiple instances  throughout thei r l i ves ; therefore, one cannot say that the ves icular les ions  wi l l  not recur (b). Gui l la in–
Barré syndrome (c) i s  more with other human herpes  vi ruses  (VZV, CMV, and EBV) and bacteria l  infections  (Campylobacter jejuni and Mycoplasma
pneumoniae). Hepato-cel lular carcinoma (d) i s  seen in some patients  with chronic hepati ti s  due to HCV or HBV; and SSPE (e) i s  a  rare compl ication
of meas les  vi rus  infection.

173. The answer is d. (Levinson, Ch 37. Murray, Ch 52. Ryan, Ch 11.) The disease described in the vignette i s  mol luscum contagiosum, caused by
Molluscipoxvirus (d), a  member of the Poxviridae. This  sel f-l imiting disease i s  more common in chi ldren than adults  and i s  spread by di rect contact
(including sexual  activi ty) and fomites  such as  towels . Biopsy of the les ions  di fferentiates  them from condyloma accuminatum caused by HPV
types  6 and 11 (c). Mol luscum bodies , s imi lar to Guarnieri  bodies  observed with other poxvi ruses , are present in mol luscum contagiosum and
koi locytes  are seen in HPV infections . Coxsackievi rus  A (b) can cause skin les ions , but these are ves icular; whi le the les ions  caused by orf vi rus  (e)
are pustular in nature. Adenovirus  (a) does  not cause skin les ions .

174. The answer is b. (Levinson, Ch 39, 46. Murray, Ch 56. Ryan, Ch 9, 10.) The recently developed monoclonal  antibody pa l ivi zumab (b) i s  recommended
for prophylaxis  of RSV infection in premature infants  who are less  than 12 months  of age at the onset of RSV season. Pooled immunoglobul in (c)
does  not conta in sufficient anti -RSV antibodies  to be effective. IFN-α (a) i s  used to treat acute hepati ti s  C, chronic hepati ti s  B, condyloma
accuminatum, and some cancers . Ribavi rin (d) i s  adminis tered as  an aerosol  to treat RSV infection but i s  not used for prophylaxis . Ri tuximab i s  a
monoclonal  antibody that reacts  with CD20 on B cel l s  and i s  used to reduce thei r numbers .

175. The answer is a. (Levinson, Ch 39, 44, 46. Murray, Ch 56. Ryan, Ch 9, 10.) High-dose vi tamin A (a) given to malnourished chi ldren and anyone with
vi tamin A deficiency reduces  the ri sk of morta l i ty. The World Heal th Organization recommends  that a l l  chi ldren with meas les  receive vi tamin A
supplementation (not necessari ly high-dose). The remaining vi tamins  l i s ted do not have any effects  on the outcome of meas les .

176. The answer is d. (Levinson, Ch 32, 33. Murray, Ch 10, 45, 46. Ryan, Ch, 33.) Natura l  ki l ler cel l s  function in innate immunity to ki l l  vi rus -infected cel l s
(c); they may be sufficient to eradicate a l l  infected cel l s , but usual ly some infectious  particles  escape from the s i te of primary repl ication to the
reticuloendothel ia l  sys tem to undergo secondary repl ication. Neutra l i zing IgG speci fic for the vi rus  (d) that i s  ci rculating prior to infection (from
immunization or past infection) or that develops  before the onset of dissemination by vi remia  prevents  these vi ruses  from reaching thei r target
organ, in this  case the meninges  and/or bra in. Antibody aga inst these vi ruses  develops  rapidly; thus , many persons  have only nonspeci fic
symptoms or remain asymptomatic. Only in those in whom the vi rus  repl ication outstrips  host defense does  meningi ti s , encephal i ti s , or
meningoencephal i ti s  occur. Cytotoxic T cel l s  (a ) are necessary to destroy a l l  vi rus -infected cel l s  and are respons ible for part of the damage at
target s i tes , but they cannot prevent the vi rus  from reaching the target. Complement (b) and neutrophi l s  (e) play l i ttle to no role in the host
responses  to these vi ruses .

177. The answer is c. (Levinson, Ch 39, 46. Murray, Ch 61. Ryan, Ch 16.) Biphas ic i l lness  culminating in encephal i ti s  i s  characteris tic of infection with the
Arenavirus l ymphocytic choriomeningi ti s  vi rus  (c), which i s  transmitted in rodent excreta; in this  case, the common gray house mouse. Lassa  fever
vi rus  i s  a l so an Arenavirus transmitted by rodents , but i s  found in Africa  and causes  hemorrhagic fever. Sin Nombre hantavi rus  (d) i s  a l so
transmitted by rodents , but causes  hantavi rus  pulmonary syndrome. La  Crosse vi rus  (a) and western equine encephal i ti s  vi rus  (e) cause
encephal i ti s  but are transmitted by mosquitoes .

178. The answer is c. (Levinson, Ch 41. Murray, Ch 63. Ryan, Ch 13.) HCV i s  a  flavivi rus  that i s  transmitted by parentera l ly or sexual ly in the majori ty of
cases ; unl ike the other members  of the Flaviviridae known to infect humans , i t i s  not transmitted by arthropods . Most new HCV infections  are
subcl inica l , and 70% to 90% develop into chronic hepati ti s . Most HCV chronic cases  remain without symptoms but 10% to 20% may develop to
chronic active hepati ti s  and ci rrhos is  or hepatocel lular carcinoma. Mixed cryoglobul inemia  and glomerulonephri ti s  compl ications  are not
uncommon with HCV (c). HAV (a) i s  a  member of the Enterovirus genus ; transmitted feca l -ora l ly, i t produces  only acute disease. HBV (b), a  member
of the Hepadnaviridae, i s  transmitted s imi larly to HCV; i t can produce acute or chronic infections . HDV (d) i s  a  minus-sense RNA vi rus  that can only
cause infection in HBV-infected individuals . HEV i s  a  member of the new fami ly Hepeviridae; transmiss ion and disease caused by HEV i s  s imi lar to
that of HAV, a l though the morta l i ty i s  higher, especia l ly in pregnant women.

179. The answer is c. (Levinson, Ch 39. Murray, Ch 57. Ryan, Ch 9.) During the influenza  season, diagnos is  i s  usual ly based on cl inica l  presentation and
detection of influenza  antigens  in respi ratory secretions  (c), which i s  the most rapid test ava i lable. However, influenza-l ike i l lness  presenting out
of season, infections  s trongly suspected to be influenza  but for which the rapid test i s  negative, and sporadic cases  should be tested for
influenzavi ruses  and other respi ratory vi ruses  by other types  of testing, including cul ture (b), immunofluorescence assays  for multiple vi ruses , or
RT-PCR and PCR. Testing of pa i red sera  (e) i s  more frequently used epidemiologica l ly to determine the extent of the outbreak or epidemic, the
number of asymptomatic cases  (i f any), the effectiveness  of detection methods , and vaccine efficacy. Electron microscopy (d) i s  rarely done. The
cold agglutinin test (a ) i s  used to diagnose Mycoplasma pneumoniae infection.



Bacteriology

Questions

180. A 65-year-old man presents  to an emergency room in the United States . He compla ins  of a  6-month his tory of night sweats , fever, and cough
with the production of sputum. He a lso s tates  that he has  lost about 30 pounds  in the las t year. He denies  i l lega l  drug use, but admits  to having
sex with men. He demonstrated pos i tive immunodeficiency vi rus  serology and a  low CD4+ l ymphocyte count. Gram sta in of his  sputum
demonstrated thin rods  that did not s ta in. When these organisms  were s ta ined with the acid fast s ta in, they took up the s ta in. He i s  most l ikely to
be infected with which of the fol lowing organisms?

a. Mycobacterium avium-complex
b. Mycobacterium scrofulaceum
c. Mycobacterium tuberculosis
d. Mycoplasma hominis
e. Mycoplasma pneumoniae

181. A 40-year-old woman who has  l ived in southwest Louis iana  a l l  her l i fe presents  to the emergency room. She has  s trange-looking, ra ised areas
on her face, arms, and legs . She a lso compla ins  that she i s  los ing feel ing in her fingers  and toes . She says  that when she cuts  or burns  hersel f,
she does  not feel  i t and that makes  the injury even greater because she does  not know to pul l  away from the injuring source. A Gram sta in of
scrapings  from the ra ised areas  on her skin shows  thin bacteria l  rods  that do not take up the s ta in. However, an acid fast s ta in of the same
materia l  shows  numerous  baci l l i . What disease i s  the woman most l ikely to have?

(Courtesy of Dr. Charles C. Shepard, Public Health Image Library, Centers for Disease Control and Prevention.)

a . Borderl ine tuberculoid leprosy
b. Lady Windermere syndrome
c. Lepromatous  leprosy
d. Scrofula
e. Tuberculoid leprosy

182. An 85-year-old homeless  man i s  brought to the emergency room. He says  that he has  been l iving on the s treet for the past 10 years . There i s  a
s trong smel l  of a lcohol  on his  clothing and you suspect he i s  an a lcohol ic. He says  he has  constant headaches , and a  fever that comes  and goes
about every 5 days . He a lso compla ins  of great pa ins  in his  legs . The nurses  say that when they cut off his  clothes , they found l i ce. You suspect
that he has  trench fever caused by which organism?

a. Bacillus anthracis
b. Brucella abortis
c. Bartonella bacilliformis



d. Bartonella henselae
e. Bartonella quintana

183. A 45-year-old man goes  to his  fami ly doctor compla ining of a  constant, non-productive cough. The man a lso has  severe chest pa ins  which he
says  have bothered him for the past week. The man a lso says  that this  i s  unusual  for him because i t i s  summer and he usual ly gets  his  “colds” in
the winter and not in July. When the phys ician examines  the man’s  chest, he hears  an abnormal  or pathologica l  sound upon auscul tation. The
man had pneumonia  with consol idation in both lobes . No organism was  i solated from his  sputum on blood agar, but the phys ician gave him a
shot of penici l l in “just in case”. As  i t turned out, the penici l l in shot did nothing to rel ieve the man’s  dis tress . After 96 hours , a  Gram-negative
bacterium from the man’s  sputum did grow on buffered charcoal  yeast extract. What disease did this  man have?

a. Legionnaires ’ disease
b. Lobar pneumonia  caused by Klebsiella pneumoniae
c. Lobar pneumonia  caused by Streptococcus pneumoniae
d. Ps i ttacos is
e. Tuberculos is

184. At a  s tate dinner, the menu included s teak or fried chicken, baked potato or homemade potato sa lad, green beans , and a  “green” sa lad. The
sa lad dress ing was  ei ther Ita l ian or Russ ian. Dessert included ei ther chocolate cake or apple pie. The beverage was  water, i ced tea, or coffee.
After 3 hours , only the diners  who had eaten the potato sa lad, became violently i l l  wi th vomiting, s tomach cramps, and/or diarrhea. It became
immediately obvious  that the source of the food poisoning was  the potato sa lad. When the potato sa lad was  sent to a  cl inica l  microbiology lab,
which of the fol lowing bacteria  was  i solated in large numbers?

a. Bacillus cereus
b. Clostridium botulinum
c. Escherichia coli
d. Staphylococcus aureus
e. Staphylococcus epidermidis

185. A young boy, 9 years  of age, i s  outs ide playing in the summer in Texas  and s teps  on a  board with a  rusty na i l  in i t. The na i l  goes  right through
his  gym shoe and enters  his  right foot. He does  not tel l  his  parents  about i t because he i s  sure his  mother wi l l  yel l  at him because she i s  a lways
tel l ing him not to do what he just did. He i s  a lso afra id she wi l l  curta i l  his  playing outs ide privi leges . Bes ides , i t did not bleed much and the
bleeding s topped before he went in for supper. Bes ides , the boy’s  fami ly did not bel ieve in going to the doctor for every l i ttle thing. In fact, the boy
cannot remember the las t time he saw a  doctor. About a  week later, the boy developed a  sore throat and then 4 days  later his  parents  did take
him to the hospi ta l  (reluctantly) with di ffi cul ty in swal lowing, ta lking, and breathing. Also, the boy began to experience muscle spasms. The
hospi ta l  doctor recognized the s igns  of tetanus  and immediately adminis tered tetanus  immune globul in. The doctor asked the parents  when the
last time the boy had received a  tetanus  shot and they repl ied that they did not know. After being in the hospi ta l  for a  week, the boy unfortunately
died of respi ratory fa i lure. This  unfortunate incident occurred because which of the fol lowing facts  represents  the best answer?

a. The causative organism, Clostridium tetani, i s  a  s trict anaerobe
b. The causative organism, Clostridium tetani, is a  s trict aerobe
c. The causative organism, Clostridium tetani, produces  a  potent heat-labi le neurotoxin
d. The causative organism, Clostridium tetani, i s  a  spore producer, a  s trict anaerobe, and produces  a  potent heat-labi le neurotoxin
e. The causative organism, Clostridium tetani, i s  a  spore former, a  s trict aerobe, and produces  a  potent heat-labi le neurotoxin

186. A 6-year-old gi rl  in Russ ia  developed a  sore throat and was  taken to the doctor by her parents . The doctor diagnosed a  “s trep throat” and gave
her a  shot of penici l l in. The penici l l in shot did not help, and the chi ld’s  hea l th worsened and she was  brought back to the doctor. Now the chi ld
compla ined of more than a  sore throat. Now she refused to eat and was  very lethargic. She a lso had a  fever of 40°C. When the doctor reexamined
the chi ld, he observed a  normal  chest sound, a  productive pharyngi ti s , and inflamed cervica l  lymph nodes . A throat cul ture did not reveal  any
Group A s treptococci , and the chi ld was  becoming increas ingly lethargic. The doctor then noticed a  s tructure in the back of the chi ld’s  throat that
looked l ike a  leather membrane. The parents  told the doctor when he asked that the gi rl  had received no vaccinations . The doctor then knew what
disease he was  observing. The organism most l ikely to be the causative agent of this  infection was  which of the fol lowing?

a. Bacillus anthracis
b. Clostridium botulinum
c. Clostridium perfringens
d. Clostridium tetani
e. Corynebacterium diphtheriae

187. A patient with a  burning epigastric pa in i s  admitted to the hospi ta l , and a  gastric biopsy i s  performed. The ti ssue i s  cul tured on chocolate
agar incubated in a  microaerophi l i c envi ronment at 98.6°F (37°C) for 5 to 7 days . On fi fth day of incubation, colonies  appear on the plate and
curved, gram-negative, oxidase-pos i tive rods  are observed. Which of the fol lowing i s  the most l ikely identi ty of this  organism?

a. Campylobacter fetus
b. Campylobacter jejuni
c. Haemophilus influenzae
d. Helicobacter pylori
e. Vibrio parahaemolyticus

188. A 2-year-old boy who missed severa l  scheduled immunizations  presents  to the emergency room with a  high fever, i rri tabi l i ty, and a  s ti ff neck.
Fluid from a  spina l  tap reveals  20,000 white blood cel l s  per mi l l i l i ter with 85% polymorphonuclear cel l s . Gram sta in eva luation of the fluid reveals
smal l  pleomorphic gram-negative rods  that grow on chocolate agar. If an inhibi tor i s  des igned to block i ts  major vi rulence, which of the fol lowing
would be the most l ikely major vi rulence factor?

a. Capsule formation
b. Endotoxin assembly
c. Exotoxin l iberator
d. Flagel la  synthes is



e. IgA protease synthes is

189. A loca l  community i s  in dis tress  due to a  natura l  disaster. After consuming contaminated water, many individuals  experience nausea,
vomiting, and diarrhea that produce s tools  resembl ing rice water. An experimenta l  compound i s  discovered that prevents  the activation of
adenylate cyclase and the resul ting increase in cycl ic adenos ine monophosphate (AMP). The toxic effects  of which of the fol lowing bacteria  would
most l ikely be prevented with the use of this  experimenta l  compound?

a. Brucella abortus
b. Corynebacterium diphtheriae
c. Listeria monocytogenes
d. Pseudomonas aeruginosa
e. Vibrio cholerae

190. A s ingle, 30-year-old woman presents  to her phys ician with vagini ti s . She compla ins  of a  s l ightly increased, malodorous  discharge that i s
gray-white in color, thin, and homogenous . Clue cel l s  are discovered when the discharge i s  examined microscopica l ly. Which of the fol lowing
organisms  i s  the most l ikely cause of her infection?

a. Candida albicans
b. Trichomonas vaginalis
c. Escherichia coli
d. Gardnerella vaginalis
e. Staphylococcus aureus

191. A 12-year-old gi rl  begins  to l imp whi le playing soccer. She has  pa in in her right leg and upper right thigh. Her temperature i s  102°F. X-ray of the
femur reveals  that the periosteum is  eroded. Assuming that this  case i s  managed as  an infectious  disease, which of the fol lowing i s  the most
l ikely etiologic agent?

a. Listeria monocytogenes
b. Salmonella enteritidis
c. Staphylococcus saprophyticus
d. Staphylococcus aureus
e. Streptococcus pneumoniae

192. A scraping from a  pa inful , inflamed wound i s  found to conta in numerous  gram-negative bacteria . Upon questioning, the feverish patient
states  that he was  bi tten by a  cat whi le trying to rescue i t from a  s torm dra in earl ier in the day. Given these observations , which of the fol lowing
organisms  i s  the most l ikely cause of infection?

a. Aeromonas species
b. Campylobacter jejuni
c. Pasteurella multocida
d. Pseudomonas aeruginosa
e. Yersinia enterocolitica

193. A 40-year-old male, who was  in good heal th earl ier, begins  experiencing a  chronic cough. Over the fol lowing 6 weeks , the cough gradual ly
worsens  and becomes  productive. He i s  a lso coughing up blood, and notes  weight loss , fever, and night sweats . A sputum sample i s  pos i tive for
acid-fast baci l l i . Which of the fol lowing pathogenic mechanisms  can be primari ly attributed to the etiologic agent involved in this  disease?

a. Cel l -mediated hypersens i tivi ty
b. Clogging of a lveol i  by large numbers  of acid-fast mycobacteria
c. Humoral  immunity
d. Speci fic cel l  adhes ion s i tes
e. Toxin production by the mycobacteria

194. A person l iving on s treets  i s  infected with an invas ive sa lmonel la  organism that i s  res is tant to most of the antibiotics  that could be
cons idered for treatment. It did show sens i tivi ty to quinolones  that are bacteriocida l . Which of the fol lowing i s  the best explanation of thei r mode
of action on growing bacteria?

a. Inactivation of penici l l in-binding protein II
b. Inhibi tion of β-lactamase
c. Inhibi tion of DNA gyrase
d. Inhibi tion of reverse transcriptase
e. Prevention of the cross -l inking of glycine

195. A high school  s tudent with a  natura l  immunodeficiency i s  treated aggress ively with a  variety of potent antibiotics  to overcome severa l
bacteria l  infections . The most recent problem is  caused by S. aureus, which i s  reported to be vancomycin-indeterminate (VISA). Which of the
fol lowing s tatements  concerning VISA i s  correct?

a. Patients  with VISA i solates  need not be i solated
b. Minimum inhibi tory concentration (MIC) for vancomycin i s  at least 1.0 mcg/mL
c. VISAs  have emerged because of the extended use of vancomycin for methici l l in-res is tant Staphylococcus aureus (MRSA)
d. VISA i solates  are infrequent, so survei l lance at the present time i s  not warranted
e. VISA i solates  are usual ly methici l l in susceptible

196. A 3-year-old gi rl , who has  missed severa l  scheduled immunizations , presents  to the emergency room with a  fever and troubled breathing. A
sputum sample i s  brought to the laboratory for analys is . Gram sta in reveals  the fol lowing: rare epi thel ia l  cel l s , 8 to 10 polymorphonuclear
leukocytes  per high-power field, and pleomorphic gram-negative rods . As  a  laboratory consul tant, which of the fol lowing interpretations  i s
correct?



a. The appearance of the sputum is  suggestive of H. influenzae
b. The patient has  pneumococca l  pneumonia
c. The patient has  Vincent disease
d. The sputum specimen i s  too contaminated by sa l iva  to be useful
e. There i s  no evidence of an inflammatory response

197. A 25-year-old medica l  s tudent presents  with a  ruptured appendix. A peri toneal  infection develops , despi te prompt removal  of the organ and
extens ive flushing of the peri toneal  cavi ty. An i solate from a  pus  cul ture reveals  a  gram-negative rod identi fied as  Bacteroides fragilis. Anaerobic
infection with B. fragilis i s  best characterized by which of the fol lowing?

a. A black exudate in the wound
b. A foul -smel l ing discharge
c. A heme-pigmented colony formation
d. An exquis i te susceptibi l i ty to penici l l in
e. Severe neurologic symptoms

198. Severa l  days  after an unprotected sexual  encounter, a  heal thy 21-year-old male develops  pa in and pus  on urination. A Gram sta in reveals
gram-negative diplococci . Which of the fol lowing s tructures  i s  respons ible for adherence of the offending microbe to the urethra l  mucosa?

a. Capsule
b. Fimbriae
c. Flagel la
d. F pi l i
e. Peptidoglycan
f. Lipopolysaccharide (LPS)

199. A 1-week-old newborn develops  meningi ti s . Short, gram-pos i tive rods  are i solated. His tory reveals  that the mother had eaten unpasteurized
cheese from Mexico during pregnancy, and she reca l led having a  flu-l ike i l lness . Which of the fol lowing i s  the most l ikely etiologic
microorganism?

a. Corynebacterium diphtheriae
b. Escherichia coli
c. Group B s treptococci
d. Listeria monocytogenes
e. Streptococcus pneumoniae

Questions 200 to 203

200. A 30-year-old male patient i s  seen by the emergency service and reports  a  2-week his tory of a  peni le ulcer. He notes  that this  ulcer did not
hurt. Which of the fol lowing conclus ions/actions  i s  most va l id?

a. Draw blood for a  herpes  antibody test
b. Even i f treated, the les ion wi l l  remain for months
c. Fa i lure to treat the patient wi l l  have no untoward effect, as  this  i s  a  sel f-l imiting infection
d. Perform a  dark-field examination of the les ion
e. Prescribe acyclovi r for primary geni ta l  herpes

201. The laboratory reports  that the Venereal  Disease Research Laboratory (VDRL) test performed on the above patient i s  reactive at a  di lution of
1:4 (4 di l s ). The patient a lso reports  to you that he has  recently been diagnosed with hepati ti s  A. Which one of the fol lowing i s  most appropriate
next s tep in management?

a. Order a  confi rmatory test such as  the fluorescent treponemal  antibody (FTA) test
b. Order a  rapid plasma reagin (RPR) test
c. Perform a  spina l  tap to rule out centra l  nervous  system (CNS) syphi l i s
d. Repeat the VDRL test
e. Report this  patient to the heal th department, as  he has  syphi l i s

202. In the same patient from the previous  vignette, which of the fol lowing test combinations  for syphi l i s  i s  most appropriate?

a. FTA-Abs  (IgG)/FTA-Abs  (IgM)
b. RPR/cul ture of the les ion
c. RPR/FTA-Abs
d. Treponema pallidum hemagglutination (TPHA)/microhemagglutination—Treponema pallidum (MHTP) tests
e. VDRL/RPR

203. Assume that the same patient from the previous  vignette absolutely denies  any contact, sexual  or otherwise, with a  person who had syphi l i s .
Also assume that both the RPR and the FTA-Abs  are pos i tive on this  patient. Which of the fol lowing tests  could be used to show that this  patient
probably does  not have syphi l i s?

a . Frei  test
b. MHTP test
c. Quanti tative RPR
d. Treponema pallidum immobi l i zation (TPI) test
e. VDRL

204. A patient i s  hospi ta l i zed after an automobi le accident. The wounds  become infected, and the patient i s  treated with tobramycin,
carbenici l l in, and cl indamycin. Five days  after antibiotic therapy was  ini tiated, the patient develops  severe diarrhea and pseudomembranous



enterocol i ti s . Antibiotic-associated diarrhea and the more serious  pseudomembranous  enterocol i ti s  can be caused by which of the fol lowing
organisms?

a. Bacteroides fragilis
b. Clostridium difficile
c. Clostridium perfringens
d. Clostridium sordellii
e. Staphylococcus aureus

205. A 2-year-old chi ld has  a  fever, s ti ff neck, and i s  i rri table. Gram sta in smear of spina l  fluid reveals  gram-negative, smal l  pleomorphic
coccobaci l lary organisms. What i s  the most appropriate procedure to fol low in order to reach an etiologica l  diagnos is?

a. Cul ture the spina l  fluid in chocolate agar, and identi fy the organism by growth factors
b. Cul ture the spina l  fluid in mannitol -sa l t agar
c. Perform a  cata lase test of the i solated organism
d. Perform a  coagulase test with the i solate
e. Perform a  latex agglutination (LA) test to detect the speci fic antibody in the spina l  fluid

206. A patient compla ins  to his  dentis t about a  dra ining les ion in his  mouth. A Gram sta in of the pus  shows  a  few gram-pos i tive cocci , leukocytes ,
and many-branched gram-pos i tive rods . Branched yel low sul fur granules  are observed by a  microscope. Which of the fol lowing i s  the most l ikely
cause of the disease?

a. Actinomyces israelii
b. Actinomyces viscosus
c. Corynebacterium diphtheriae
d. Propionibacterium acnes
e. Staphylococcus aureus

207. A 39-year-old primigravid Caucas ian female lawyer develops  premature rupture of membranes  at 35 weeks  of gestation. She develops  fever up
to 103°F, and the amniotic fluid reveals  a  group B Streptococcus. Which of the fol lowing i s  the best option to reduce Group B s treptococca l  infection
in her fetus?

a. Identi fi cation of poss ible high-ri sk bi rths
b. Intravenous  penici l l in adminis tered at least 4 hours  before del ivery
c. Screening of pregnant female at the fi rs t office vis i t, usual ly during the fi rs t trimester
d. Screening of pregnant female in the las t trimester
e. Use of a  polysaccharide vaccine

208. A 1-week-old neonate presents  to the pediatric emergency room with fever, i rri tabi l i ty, poor feeding, and a  bulging anterior fontanel le.
Lumbar puncture i s  performed, and the cerebrospina l  fluid (CSF) grows  group B Streptococcus. Which of the fol lowing i s  the most l ikely pathogenic
mechanism?

a. Complement C5a, a  potent chemoattractant, activates  polymorphonuclear neutrophi l s  (PMNs)
b. In the absence of a  speci fic antibody, opsonization, phagocyte recognition, and ki l l ing do not proceed normal ly
c. The a l ternative complement pathway i s  activated
d. The s treptococci  are res is tant to penici l l in

209. A man who has  a  peni le chancre appears  in a  hospi ta l ’s  emergency service. The VDRL test i s  negative. Which of the fol lowing i s  the most
appropriate course of action?

a. Perform dark-field microscopy for treponemes
b. Perform a  Gram sta in on the chancre fluid
c. Repeat the VDRL test in 10 days
d. Send the patient home untreated
e. Swab the chancre and cul ture on Thayer-Martin (TM) agar

210. A cl inica l ly depressed farmer compla ins  of extreme weakness , a  da i ly ri se and fa l l  in fever, and night sweats . Smal l  gram-negative rods  are
isolated from blood cul tures  after a  2-week incubation period. Which of the fol lowing organisms  i s  the most l ikely etiologic agent?

a. Brucella melitensis
b. Campylobacter jejuni
c. Francisella tularensis
d. Salmonella enteritidis
e. Serratia marcescens

211. An outbreak occurs  in a  community where the water supply i s  contaminated. Multiple patients  experience nausea and vomiting as  wel l  as
profuse diarrhea with abdominal  cramps; s tools  are described as  “rice water.” Curved, gram-negative rods  are i solated on a  sul fate-ci trate-bi le-
sucrose agar. In the treatment of patients  who have cholera , the use of a  drug that inhibi ts  adenyl  cyclase would be expected to have which of the
fol lowing characteris tics?

a. Block the action of cholera  toxin
b. Eradicate the organism
c. Increase fluid secretion
d. Ki l l  the patient immediately
e. Reduce intestina l  moti l i ty

212. A box of ham sandwiches  with mayonnaise, prepared by a  person with a  boi l  on his  neck, i s  left out of the refrigerator for the on-ca l l  interns .
Three doctors  become violently i l l  approximately 2 hours  after eating the sandwiches . Which of the fol lowing i s  the most l ikely cause?



a. Clostridium perfringens toxin
b. Coagulase from S. aureus in the ham
c. Penici l l inase given to inactivate penici l l in in the pork
d. Staphylococcus aureus enterotoxin
e. Staphylococcus aureus leukocidin

213. A 34-year-old diabetic truck driver notices  maceration of the web space of his  toes  on the right foot. Two days  later he has  a  temperature of up
to 100°F, exquis i te tenderness , erythema, and swel l ing of the right leg. Cul ture exudate from the foot yields  S. aureus. Which of the fol lowing often
compl icates  treatment of S. aureus infection with penici l l in?

a. Al lergic reaction caused by s taphylococca l  protein
b. Inabi l i ty of penici l l in to penetrate the membrane of S. aureus
c. Lack of penici l l in-binding s i tes  on S. aureus
d. Production of penici l l in acetylase by S. aureus
e. Production of penici l l inase by S. aureus

214. Two of 3 fami ly members  have dinner at a  loca l  restaurant and, within 48 hours , s tart experiencing double vis ion, di ffi cul ty in swal lowing and
speaking, and breathing problems. These symptoms are cons is tent with which of the fol lowing?

a. Activation of cycl ic AMP
b. Endotoxin shock
c. Ingestion of a  neurotoxin
d. Invas ion of the gut epi thel ium by an organism
e. Secretion of an enterotoxin

215. A cl inica l  research group attempting to develop an improved Neisseria meningitidis vaccine i s  granted approval  to gather volunteers  for a
cl inica l  tria l . Part of the volunteer eva luation i s  to sample bacteriologica l ly for normal  ora l  flora  Neisseria. They find that a lmost a l l  of the
participants  have severa l  commensal  species  as  part of thei r upper respiratory tract (URT) flora . Which of the fol lowing s tatements  accurately
describes  the s igni ficance of these bacteria?

a. As  a  part of the normal  flora , Neisseria provide a  natura l  immunity in loca l  host defense
b. As  a  part of the respiratory flora , they are the most common cause of acute bronchi ti s  and pneumonia
c. Commensal  bacteria  s timulate a  cel l -mediated immunity (CMI)
d. Commensal  Neisseria in the upper respiratory tract impede phagocytos is  by means  of l ipoteichoic acid
e. Normal  flora , such as  nonpathogenic Neisseria, provides  effective nonspeci fic B-cel l -mediated humoral  immunity

216. A fami ly routinely consumes  unpasteurized mi lk, cla iming “better taste.” Severa l  members  experience a  sudden onset of crampy abdominal
pa in, fever, and profuse bloody diarrhea. Campylobacter jejuni i s  i solated and identi fied from a l l  patients . Which of the fol lowing i s  the treatment
of choice for this  type of enterocol i ti s?

a . Ampici l l in
b. Campylobacter anti toxin
c. Ciprofloxacin
d. Erythromycin
e. Pepto-Bismol

217. An unimmunized, 2-year-old boy presents  with drool ing from the mouth, elevated temperature, and enlarged tons i l s . During attempts  at
intubation, no gray-white membrane i s  observed but the epiglotti s  appears  “beefy” red and edematous . Which of the fol lowing i s  the most l ikely
organism?

a. Haemophilus haemolyticus
b. Haemophilus influenzae
c. Klebsiella pneumoniae
d. Mycoplasma pneumoniae
e. Neisseria meningitidis

Questions 218 to 220

218. A 70-year-old female patient i s  readmitted to a  loca l  hospi ta l  with fever and chi l l s  fol lowing cardiac surgery at a  major teaching insti tution. A
gram-pos i tive coccus  grows  within 24 hours  from blood taken from the patient. Ini tia l  tests  indicate that this  i solate i s  res is tant to penici l l in.
Which of the fol lowing i s  the most l ikely identi fi cation?

a. Enterococcus species
b. Group A Streptococcus
c. Group B Streptococcus
d. Neisseria species
e. Streptococcus pneumoniae

219. Further testing of the patient in the previous  question reveals  that the i solate possesses  the group D antigen, and i s  not β-lactamase-
pos i tive, but i s  res is tant to vancomycin. Which of the fol lowing i s  the most l ikely identi fi cation of this  i solate?

a. Enterococcus casseliflavus
b. Enterococcus durans
c. Enterococcus faecalis
d. Enterococcus faecium
e. Streptococcus pneumoniae



220. Which of the fol lowing i s  the treatment of choice for the i solate in Question 219?

a. Ciprofloxacin
b. Gentamicin
c. Gentamicin and ampici l l in
d. Ri fampin
e. No ava i lable treatment

221. A young man crashes  his  bicycle, injuring one leg. Bacteria  from the wound and a  subsequent blood cul ture are i solated and identi fied, and
an acute hematogenous  osteomyel i ti s  i s  diagnosed. Which organism l i s ted below most often causes  this  type of infection?

a. Escherichia coli
b. Proteus mirabilis
c. Staphylococcus aureus
d. Staphylococcus epidermidis
e. Streptococcus faecalis

222. A 3-year-old gi rl , wi th no his tory of vaccination, i s  brought to the hospi ta l  with a  sore throat, fever, mala ise, and di ffi cul ty in breathing.
Phys ica l  examination reveals  a  gray membrane covering the pharynx. Growth of the etiologic agent on cysteine-tel luri te agar forms  gray-to-black
colonies  with a  brown halo. The major vi rulence factor of this  organism is  only produced by those s tra ins  that wi l l  most l ikely have which of the
fol lowing characteris tics?

a. Encapsulated
b. Endotoxin
c. Glucose fermenters
d. Lysogenic for β-prophage
e. Sucrose fermenters

Questions 223 to 225

A 28-year-old menstruating woman appears  in the emergency room with the fol lowing s igns  and symptoms: fever, 104°F (40°C); WBC, 16,000/μL;
blood pressure, 90/65 mm Hg; a  scarlatini form rash on her trunk, pa lms, and soles ; extreme fatigue; vomiting; and diarrhea.

223. Which of the fol lowing i s  the most l ikely diagnos is?

a. Chicken pox
b. Gui l la in–Barré syndrome
c. Sca lded skin syndrome
d. Staphylococca l  food poisoning
e. Toxic shock syndrome (TSS)

224. Cul ture of the menstrua l  fluid in this  case ci ted would most l ikely reveal  a  predominance of which of the fol lowing?

a. Clostridium difficile
b. Clostridium perfringens
c. Gardnerella vaginalis
d. Staphylococcus aureus
e. No organisms  i solated

225. Which of the fol lowing i s  the most l ikely source and characteris tic finding not yet revealed in the case just presented?

a. A meal  of chicken in a  fast-food restaurant
b. A reta ined tampon
c. Heavy menstrua l  flow
d. Recent exposure to rubel la
e. Travel  to Vermont

Questions 226 and 227

A severe URT outbreak occurs  in the res idence of s tudents  of a  private school , resul ting in severa l  cases  of oti ti s  media  and acute s inus i ti s . Some
students  do not have any cl inica l  evidence of infection. The s tate publ ic hea l th laboratory receives  and eva luates  a  new LA reagent for H. influenzae
polysaccharide capsular antigen in urine (intact antigen el imination). The resul ts , shown below, are compared with the i solation of H. influenzae
from pharyngeal  swabs .
LA POS, CULT POS: 25
LA POS, CULT NEG: 5
LA NEG, CULT POS: 5
LA NEG, CULT NEG: 95

226. Which of the fol lowing best indicates  the sens i tivi ty of LA?

a. 0%
b. 30%
c. 85%
d. 95%
e. 100%

227. Which of the fol lowing best indicates  the speci fici ty of LA?

a. 0%



b. 30%
c. 80%
d. 95%
e. 100%

228. A severely burned fi refighter develops  a  rapidly disseminating bacteria l  infection whi le hospi ta l i zed. “Green pus” i s  noted in the burned
tissue, and cul tures  of both the ti ssue and blood yield smal l , oxidase-pos i tive, gram-negative rods . Which of the fol lowing s tatements  best
describes  this  organism?

a. Endotoxin i s  the only vi rulence factor known to be produced by these bacteria
b. Humans  are the only known reservoir hosts  for these bacteria
c. The bacteria  are di ffi cul t to cul ture because they have numerous  growth requirements
d. These are among the most antibiotic res is tant of a l l  cl inica l ly relevant bacteria
e. These highly moti le bacteria  can “swarm” over the surface of cul ture media

229. Severa l  hours  after dining on sweet and sour chicken and pork fried rice at the home of an As ian friend, a  34-year-old car sa lesman exhibi ts
abdominal  discomfort, nausea, and vomiting. In the middle of the night he awakens  with watery diarrhea. Which of the fol lowing pa i rs  of
organisms  i s  routinely respons ible for food poisoning?

a. Clostridium botulinum and Bacillus anthracis
b. Clostridium difficile and C. botulinum
c. Clostridium perfringens and B. cereus
d. Clostridium tetani and B. anthracis
e. Clostridium tetani and B. cereus

230. MRSA is  i solated from seven patients  in a  14-bed intens ive care uni t. Al l  patients  are i solated and the uni t closed to any more admiss ions .
Which of the fol lowing best expla ins  these rigorous  methods  to control  MRSA?

a. MRSA causes  TSS
b. MRSA is  inherently more vi rulent than other s taphylococci
c. MRSA is  res is tant to penici l l in
d. MRSA spreads  more rapidly from patient to patient than antibiotic-susceptible s taphylococci  do
e. The a l ternative for treatment of MRSA is  vancomycin, an expens ive and potentia l ly toxic antibiotic

231. A 2-year-old infant i s  brought to the emergency room with hematuria , fever, and thrombocytopenia . Which one of the fol lowing bacteria  would
most l ikely be i solated from a  s tool  specimen?

a. Aeromonas species
b. Enterobacter aerogenes
c. Escherichia coli 0157/H7
d. Salmonella enteritidis
e. Shigella flexneri

232. A 65-year-old heal thy, reti red female executive goes  to Mexico on her yearly vacation. Unl ike her previous  trips , she decides  to use the loca l
water to make her favori te punch. Thi rty-s ix hours  later, she develops  profuse watery diarrhea, severe cramping, and abdominal  pa in. She i s
diagnosed with Escherichia coli-related diarrhea. Which of the fol lowing E. coli types  i s  characterized by the presence of heat-labi le (LT) and heat-
s table (ST) toxin proteins?

a. Enteroinvas ive (EIEC)
b. Enterotoxigenic (ETEC)
c. Enterohemorrhagic (EHEC)
d. Enteropathogenic (EPEC)

233. A 48-year-old farmer in New Mexico i s  bi tten by a  flea  and, 5 days  later, develops  a  sudden onset of fever, chi l l s , weakness , and headache. A
few hours  later he develops  swol len, necrotic lymph nodes  (buboes) in the right axi l la  and groin, which are intensely pa inful . This  patient i s
subsequently diagnosed with bubonic plague and does  not develop any pneumonic features  of the disease. Human plague can be bubonic or
pneumonic. Which of the fol lowing i s  the primary epidemiologic di fference between the two cl inica l  forms  of plague?

a. Age of the patient
b. Geographic location of the animal  vector
c. Heal th of the animal  vector
d. Route of infection
e. Season of the year

234. A 9-year-old chi ld i s  brought to the emergency room with the chief compla int of enlarged, pa inful  axi l lary lymph nodes . The res ident phys ician
also notes  a  smal l , inflamed, dime-s ized les ion surrounding what appears  to be a  smal l  scratch on the forearm. The lymph node i s  aspi rated and
some pus  i s  sent to the laboratory for examination. A Warthin-Starry s i lver impregnation s ta in reveals  many highly pleomorphic, rod-shaped
bacteria . Which of the fol lowing i s  the most l ikely cause of this  infection?

a. Bartonella henselae
b. Brucella canis
c. Mycobacterium scrofulaceum
d. Yersinia enterocolitica
e. Yersinia pestis

235. A s ixth-grade boy returns  from a  summer camp with severa l  minor cuts  and abras ions . Within a  week, extens ive cel lul i ti s  develops , and i t i s
apparent that subcutaneous  ti ssue i s  involved, requiring surgica l  removal  of nonviable ti s sue. Antibiotics  are used aggress ively. Cel lul i ti s  i s



usual ly caused by which of the fol lowing?

a. Bacillus cereus
b. Clostridium tetani
c. Group A s treptococci
d. Micrococcus species
e. Staphylococcus aureus

236. A 40-year-old female reports  chronic gastri ti s . She tests  pos i tive for H. pylori. After a  course of the appropriate antibiotic therapy, her symptoms
subs ide. Which of the fol lowing i s  the most effective noninvas ive test for the diagnos is  of Helicobacter-associated gastric ulcers?

a. Cul ture of s tomach contents  for H. pylori
b. Detection of H. pylori antigen in s tool
c. Growth of H. pylori from a  s tomach biopsy
d. Growth of H. pylori in the s tool
e. IgM antibodies  to H. pylori

237. The fol lowing examination and test resul ts  are observed in a  woman tested in November who reports  being in the woods  in Pennsylvania
during the las t summer. Whi le there, she was  bi tten by a  tick, and now has  a  flattened red area  near the bi te with centra l  clearing. She a lso has
flu-l ike i l lness  with fever, myalgia , and headache. Which of the fol lowing i s  the most appropriate course of action?

a. Ask the patient i f she has  a  severe headache
b. Do a  spina l  tap for CSF
c. Observe the les ion
d. Order a  Lyme disease antibody ti ter
e. Start treatment with tetracycl ine

238. Severa l  white male patients , over 50 years  of age and suffering from cavi tary pulmonary disease, being fol lowed and treated at a  univers i ty
AIDS cl inic are found to be infected by Mycobacterium avium, a  major opportunis t pathogen. M. avium from these patients  i s  best characterized by
which one of the fol lowing s tatements?

a. Few isolates  from AIDS patients  are acid-fast.
b. Most i solates  from AIDS patients  are sens i tive to i soniazid and s treptomycin
c. M. avium can be i solated from the blood of many AIDS patients
d. M. avium i solates  from AIDS patients  are of multiple serovars
e. The majori ty of M. avium i solates  from AIDS patients  are nonpigmented

239. A 12-year-old gi rl  experiences  a  group A s treptococcus  pharyngi ti s  and, within 3 weeks , has  chest pa in and develops  new murmurs  of mitra l
regurgi tation. Which of the fol lowing s tatements  best typi fies  the disease she i s  suffering from?

a. It i s  a  compl ication of group A s treptococca l  skin disease but usual ly not of pharyngi ti s
b. It i s  characterized by inflammatory les ions  that may involve the heart, joints , subcutaneous  ti ssues , and CNS
c. It i s  very common in developing countries  but extremely rare and decreas ing in incidence in the United States
d. Prophylaxis  with benzathine penici l l in i s  of l i ttle va lue
e. The pathogenes is  i s  related to the s imi lari ty between a  s taphylococca l  antigen and a  human cardiac antigen

240. After extraction of a  wisdom tooth, an 18-year-old male s tudent i s  diagnosed with subacute bacteria l  endocardi ti s  (SBE). He has  a  congenita l
heart disease that has  been under control . Which of the fol lowing i s  the most l ikely organism caus ing the infection?

a. Staphylococcus aureus
b. Staphylococcus epidermidis
c. Streptococcus pneumoniae
d. Streptococcus viridans
e. Enterococcus faecalis

241. A 70-year-old male i s  taken to the emergency room with a  his tory of “cold-l ike” symptoms for at least 3 days . At the time of the vis i t, his
temperature i s  102°F and he experienced shaking, chi l l s , chest pa in, and a  productive cough with bloody sputum. Blood agar cul ture reveals  gram-
pos i tive α-hemolytic colonies . If a  quel lung test was  done on the colonies , which of the fol lowing bacteria  would most l ikely be pos i tive?

a. Corynebacterium diphtheriae
b. Enterobacter species
c. Haemophilus parainfluenzae
d. Neisseria gonorrhoeae
e. Streptococcus pneumoniae

242. A 6-month-old infant i s  admitted to the hospi ta l  with acute meningi ti s . The Gram sta in reveals  gram-pos i tive, short rods , and the mother
indicates  that the chi ld has  received “a l l” of the meningi ti s  vaccinations . Which of the fol lowing i s  the most l ikely cause of the disease?

a. Haemophilus influenzae
b. Listeria monocytogenes
c. Neisseria meningitidis, group A
d. Neisseria meningitidis, group C
e. Streptococcus pneumoniae

243. A 40-year-old man presents  to the emergency medicine department 1 week fol lowing a  foot injury. He i s  experiencing intense pa in in the area
of injury and the muscles  of the jaw. Which of the fol lowing i s  the most common porta l  of entry for the etiologic organism?

a. Gastrointestina l  (GI) tract



b. Genita l  tract
c. Nasa l  tract
d. Respiratory tract
e. Skin

244. A 22-year-old homeless  person with a  known drug abuse problem and multiple opportunis tic infections  has  a  pos i tive PPD (puri fied protein)
test. Which of the fol lowing i s  the most common way this  infection i s  acquired?

a. GI tract
b. Genita l  tract
c. Nasa l  tract
d. Respiratory tract
e. Skin

245. A 31-year-old school  teacher returns  from foreign travel  and experiences  a  sudden (1-2 days ) onset of abdominal  pa in, fever, and watery
diarrhea, caused by a  heat-labi le exotoxin that affects  both the gut and the CNS. This  infection i s  caused by an etiologic agent commonly acquired
through which of the fol lowing routes?

a. GI tract
b. Genita l  tract
c. Nasa l  tract
d. Respiratory tract
e. Skin

246. A col lege s tudent i s  surprised one morning by pa inful  urination and a  cream-colored exudate. Any person who acquires  the gram-negative
microbe that causes  this  infection i s  most l ikely to have acquired i t via  which of the fol lowing?

a. GI tract
b. Genitourinary tract
c. Nasa l  tract
d. Respiratory tract
e. Skin

247. A 25-year-old col lege s tudent with no his tory of a l lergic rhini ti s  has  a  12-day his tory of facia l  pa in, clear rhinorrhea, fever, headache, and back
pain. Her symptoms do not respond to over-the-counter medication. Cul ture of the fluid from the s inus  reveals  Moraxella (Branhamella) catarrhalis.
Which of the fol lowing best characterizes  M. catarrhalis?

a. A gram-negative, pleomorphic rod that can cause endocardi ti s
b. A gram-negative rod, fus i form-shaped, that i s  associated with periodonta l  disease but may cause seps is
c. The causative agent of rat-bi te fever
d. The gram-negative diplococcus , which i s  the causative agent of s inus i ti s , bronchi ti s , and pneumonia
e. The causative agent of trench fever

248. A 16-year-old Hispanic female with poor ora l  hygiene and severe gingivi ti s  presents  with a  temperature of 103.5°F and hypotens ion. Blood
culture i s  pos i tive for Capnocytophaga. Which of the fol lowing best characterizes  Capnocytophaga?

a. A gram-negative, pleomorphic rod that can cause endocardi ti s
b. A gram-negative rod, fus i form-shaped, that i s  associated with periodonta l  disease but may cause seps is
c. The causative agent of rat-bi te fever
d. The causative agent of s inus i ti s , bronchi ti s , and pneumonia
e. The causative agent of trench fever

249. Severa l  employees  in a  veterinary faci l i ty experience a  mi ld influenza-l ike infection after working on s ix sheep with an undiagnosed i l lness .
The etiologic agent caus ing the human disease i s  most often transmitted to humans  by which of the fol lowing methods?

a. Feca l  contamination from flea  depos i ts  on the skin
b. Inhalation of infected particles  or aerosols  from the suspected animal  urine and feces
c. Lice feces  scratched into the broken skin during the louse’s  blood feeding
d. Tick sa l iva  during feeding on human blood
e. Urethra l  discharge from infected humans

250. An endocardi ti s  patient under a  phys ician’s  care develops  a  urinary tract infection (UTI). A group D enterococcus  (Enterococcus faecium) i s
i solated but the UTI does  not respond to ampici l l in and gentamicin treatments . Which of the fol lowing options  would be cons idered the most
cl inica l ly appropriate action?

a. Cons ider vancomycin as  an a l ternative drug
b. Determine i f fluorescent microscopy i s  ava i lable for the diagnos is  of actinomycos is
c. Do no further cl inica l  workup
d. Suggest to the laboratory that low colony counts  may reflect infection
e. Suggest a  repeat antibiotic susceptibi l i ty test

251. A patient with symptoms of a  UTI has  a  cul ture taken, which grows  5 × 103 E. coli. The laboratory reports  i t as  “ins igni ficant.” Which of the
fol lowing i s  the most appropriate next s tep in management?

a. Cons ider vancomycin as  an a l ternative drug
b. Determine i f fluorescent microscopy i s  ava i lable for the diagnos is  of actinomycos is
c. Do no further cl inica l  workup



d. Suggest to the laboratory that low colony counts  may reflect infection; fol low up with cul ture
e. Suggest a  repeat antibiotic susceptibi l i ty test

252. A patient appears  in the emergency room with a  submandibular mass . A smear i s  made of the dra inage and a  bewi ldering variety of bacteria
are seen, including branched, gram-pos i tive rods . Which of the fol lowing i s  the most cl inica l ly appropriate action?

a. Cons ider vancomycin as  an a l ternative drug
b. Determine i f fluorescent microscopy i s  ava i lable for the diagnos is  of actinomycos is
c. Do no further cl inica l  workup
d. Suggest to the laboratory that low colony counts  may reflect infection
e. Suggest a  repeat antibiotic susceptibi l i ty test

253. A 55-year-old male develops  mala ise, fever up to 103.5°F, nonproductive cough, headache, and shortness  of breath a  few days  after he
repaired the cool ing system of an old hotel . A chest x-ray reveals  fluid in his  lungs . From a  sputum sample, a  gram-negative rod grew s lowly on a
buffered cysteine conta ining charcoal -yeast agar. Which of the fol lowing antibiotic therapies  i s  most appropriate for treating this  patient?

a. Ampici l l in
b. Ceftriaxone
c. Erythromycin
d. Penici l l in
e. Vancomycin

254. A 60-year-old male res ident from a  nurs ing home presents  to the emergency room with a  fever of 105.8°F (41°C), shaking chi l l s , severe pa in to
the right s ide of his  chest that worsens  with breathing, and a  productive cough with blood-tinged sputum. During the previous  3 days , he noted
cold-l ike symptoms. Gram sta in eva luation of the sputum reveals  gram-pos i tive diplococci  that grow into α-hemolytic colonies  on blood agar.
Which of the fol lowing antibiotic therapies  i s  the most appropriate treatment for this  patient?

a. Ampici l l in
b. Ceftriaxone
c. Erythromycin
d. Penici l l in
e. Vancomycin

255. A 12-year-old boy, a fter a  camping trip near a  wooded area  in Northern Ca l i fornia , i s  taken to the emergency room after compla ining of a
headache. He has  an erythema migrans  rash around what appears  to be a  tick bi te. Which of the fol lowing i s  the antibiotic of choice for treating
this  patient?

a. Ampici l l in
b. Ceftriaxone
c. Erythromycin
d. Penici l l in
e. Vancomycin

256. A 6-year-old gi rl  presents  to her pediatrician with fever, headache, and a  sore throat. She has  swol len, tender cervica l  lymph nodes , and her
oropharynx i s  red with a  gray-white exudate covering both her tons i l s . A rapid s trep test of her throat swab i s  pos i tive, and the cul ture
subsequently grows  β-hemolytic Streptococcus. Which of the fol lowing antibiotic therapies  i s  most appropriate for treating this  patient?

a. Ampici l l in
b. Ceftriaxone
c. Erythromycin
d. Penici l l in
e. Vancomycin

257. A young woman being treated with a  broad-spectrum antimicrobia l  develops  endoscopica l ly observed microabscesses  and diarrhea. Which of
the fol lowing i s  the therapy of choice for this  form of enterocol i ti s?

a . Ampici l l in
b. Ceftriaxone
c. Erythromycin
d. Penici l l in
e. Vancomycin

258. Al though cholera , a  Vibrio infection, has  rarely been seen in the United States , there have been recent outbreaks  of class ic cholera  associated
with shel l fi sh harvested from the Gul f of Mexico. Vibrios  are shaped l ike curved rods , and infections  more common than cholera  may be caused by
a  variety of curved-rod bacteria . Which of the fol lowing best describes  C. jejuni?

a. Cause of gastroenteri ti s ; reservoir in bi rds  and mammals , optimal  growth at 107.6°F (42°C)
b. Human pathogen, ha lophi l i c, lactose-negative, sucrose-negative; causes  GI diseases  primari ly from ingestion of under-cooked seafood
c. Human pathogen, ha lophi l i c, lactose-pos i tive; produces  heat-labi le, extracel lular toxin wound infections
d. Organisms  are susceptible to acid; not an invas ive organism
e. Urease-pos i tive; cause of feta l  dis tress  in cattle

259. Vibrio cholerae i s  worldwide in dis tribution and continues  to expand as  water sources  become pol luted. Which of the fol lowing best describes
this  organism?

a. Cause of gastroenteri ti s ; reservoir in bi rds  and mammals , optimal  growth at 107.6°F (42°C)
b. Human pathogen, ha lophi l i c, lactose-negative, sucrose-negative; causes  GI diseases  primari ly from ingestion of under-cooked seafood
c. Human pathogen, ha lophi l i c, lactose-pos i tive; produces  heat-labi le, extracel lular toxin, wound infections



d. Organisms  susceptible to acid; not an invas ive organism
e. Urease-pos i tive; cause of feta l  dis tress  in cattle

260. A 20-year-old female in post-Katrina  New Orleans  eats  poorly cooked seafood (oysters , clams, and mol lusks ) for her bi rthday dinner. Twenty-
four hours  later, she develops  explos ive watery diarrhea and abdominal  cramps. She i s  pos i tive for V. parahaemolyticus. Which of the fol lowing
best describes  this  organism?

a. Cause of gastroenteri ti s ; reservoir in bi rds  and mammals , optimal  growth at 107.6°F (42°C)
b. Human pathogen, ha lophi l i c, lactose-negative, sucrose-negative; causes  GI diseases  primari ly from ingestion of under-cooked seafood
c. Human pathogen, ha lophi l i c, lactose-pos i tive; produces  heat-labi le, extracel lular toxin, wound infections
d. Organisms  susceptible to acid; not an invas ive organism
e. Urease-pos i tive; cause of feta l  dis tress  in cattle

261. A 25-year-old male, with a  his tory of hepati ti s  C, has  to wade through brackish water in post-Katrina  New Orleans . He develops  worsening
abdominal  pa in and jaundice. Regarding Vibrio vulnificus, which of the fol lowing best describes  this  organism?

a. Cause of gastroenteri ti s ; reservoir in bi rds  and mammals , optimal  growth at 107.6°F (42°C)
b. Human pathogen, ha lophi l i c, lactose-negative, sucrose-negative; causes  GI diseases  primari ly from ingestion of under-cooked seafood
c. Human pathogen, ha lophi l i c, lactose-pos i tive; produces  heat-labi le, extracel lular toxin, wound infections
d. Organisms  susceptible to acids ; not an invas ive organism
e. Urease-pos i tive; cause of feta l  dis tress  in cattle

262. Yersinia enterocolitica, formerly a  Pasteurella, has  more than 50 sero-types  that can be i solated from rodents , sheep, cattle, swine, dogs , and cats
and water contaminated by them, and i s  best described by which of the fol lowing?

a. Commonly inhabits  the canine respiratory tract and i s  an occas ional  pathogen for humans; s trongly urease-pos i tive
b. Gram-negative bipolar s ta ined baci l l i  that cause diarrhea by means  of a  heat-s table enterotoxin, with abdominal  pa in that may be mistaken

for appendici ti s
c. Pi ts  agar, grows  both in carbon dioxide and under anaerobic conditions , and i s  part of the normal  ora l  cavi ty flora
d. Typica l ly infects  cattle, requires  5% to 10% carbon dioxide for growth, and i s  inhibi ted by the dye thionine
e. Typica l ly i s  found in infected animal  bi tes  in humans  and can cause hemorrhagic septicemia  in animals

263. Four weeks  after ass is ting in severa l  ca l f del iveries , a  farmer develops  fever, weakness , muscle aches , and sweats . The fever ri ses  in the
afternoon and fa l l s  during the night. Brucella abortus i s  i solated. Which one of the three Brucella species  i s  a  poss ible bioterrorism agent and i s
best described by one of the fol lowing?

a. Commonly inhabits  the canine respiratory tract and i s  an occas ional  pathogen for humans; s trongly urease-pos i tive
b. Gram-negative bipolar s ta ined baci l l i  that cause diarrhea by means  of a  heat-s table enterotoxin, with abdominal  pa in that may be mistaken

for appendici ti s
c. Pi ts  agar grows  both in carbon dioxide and under anaerobic conditions , and i s  part of the normal  ora l  cavi ty flora
d. Typica l ly infects  cattle, requires  5% to 10% carbon dioxide for growth, and i s  inhibi ted by the dye thionine
e. Typica l ly i s  found in infected animal  bi tes  in humans  and can cause hemorrhagic septicemia  in animals

264. Bordetella bronchiseptica could be confused with the agent of whooping cough s ince i t occas ional ly causes  chronic respi ratory tract infections  in
humans , but has  less  intens ive symptoms (rhini ti s  and cough). It i s  best described by which of the fol lowing?

a. Commonly inhabits  the canine respiratory tract and i s  an occas ional  pathogen for humans; s trongly urease-pos i tive
b. Gram-negative bipolar s ta ined baci l l i  that cause diarrhea by means  of a  heat-s table enterotoxin, with abdominal  pa in that may be mistaken

for appendici ti s
c. Pi ts  agar grows  both in carbon dioxide and under anaerobic conditions , and i s  part of the normal  ora l  cavi ty flora
d. Typica l ly infects  cattle, requires  5% to 10% carbon dioxide for growth, and i s  inhibi ted by the dye thionine
e. Typica l ly i s  found in infected animal  bi tes  in humans  and can cause hemorrhagic septicemia  in animals

265. Pasteurella species  can produce a  range of human diseases  and formerly included a l l  yersiniae and francisellae organisms. Pasteurella multocida
occurs  worldwide in the URT and GI tracts  of domestic and wi ld animals . It i s  best described by which of the fol lowing?

a. Commonly inhabits  the canine respiratory tract and i s  an occas ional  pathogen for humans; s trongly urease-pos i tive
b. Gram-negative bipolar s ta ined baci l l i  that cause diarrhea by means  of a  heat-s table enterotoxin, with abdominal  pa in that may be mistaken

for appendici ti s
c. Pi ts  agar grows  both in carbon dioxide and under anaerobic conditions , and i s  part of the normal  ora l  cavi ty flora
d. Typica l ly infects  cattle, requires  5% to 10% carbon dioxide for growth, and i s  inhibi ted by the dye thionine
e. Typica l ly i s  found in infected animal  bi tes  in humans  and can cause hemorrhagic septicemia  in animals

266. A 26-year-old male presents  to his  fami ly phys ician with compla ints  of pa inful  burning during urination and a  mi lky discharge. The purulent
discharge reveals  many neutrophi l s  with intracel lular gram-negative diplococci . Which of the fol lowing mediums would most l ikely be used for
isolating Neisseria gonorrhoeae, the suspected organism?

a. Löffler medium
b. Löwenstein–Jensen medium
c. Sheep blood agar
d. TM agar
e. Thiosul fate ci trate bi le sa l ts  sucrose medium

267. Twenty-four hours  after returning from a  short trip to As ia , a  35-year-old female has  a  sudden onset of vomiting and mass ive watery diarrhea
that i s  colorless , odorless , and conta ins  flecks  of mucus . Which of the fol lowing mediums would most l ikely be used for i solating V. cholerae, the
suspected organism?

a. Löffler medium



b. Löwenstein–Jensen medium
c. Sheep blood agar
d. TM agar
e. Thiosul fate ci trate bi le sa l ts  sucrose medium

268. A 32-year-old female prosti tute i s  seen at the publ ic hea l th cl inic with fever, night sweats , and reports  coughing up blood. Her medica l  his tory
reveals  that she i s  HIV pos i tive and has  lost 20 lbs  over the past month. Acid-fast baci l l i  are observed in the sputum. After digestion of the
sputum, i solation of the suspected organism is  best accompl ished by us ing which one of the fol lowing media?

a. Löffler medium
b. Löwenstein–Jensen medium
c. Sheep blood agar
d. TM agar
e. Thiosul fate ci trate bi le sa l ts  sucrose medium

269. Bacillus and Clostridium species  are spore-forming baci l l i  and can survive in the envi ronment for years . Severa l  species  cause important
disease in humans , a l though most wi l l  respond quickly to appropriate antibiotic therapy. However, which organism l i s ted below would not
benefi t from such prompt antibiotic treatment?

a. Bacillus anthracis
b. Clostridium botulinum
c. Clostridium difficile
d. Clostridium perfringens
e. Clostridium tetani

270. A 12-year-old boy has  sudden onset of fever, headache, and s ti ff neck. Two days  earl ier, he swam in a  lake that i s  bel ieved to have been
contaminated with dog excreta . Leptospiros is  i s  suspected. Which of the fol lowing laboratory tests  i s  most appropriate to determine whether he
has  been infected with leptospira?

a. Agglutination test for leptospira l  antigen
b. Counterimmunoelectrophores is  of urine sample
c. Gram sta in of urine specimen
d. Spina l  fluid for dark-field microscopy and cul ture in Fletcher serum medium
e. Urine cul ture on EMB and TM agar

271. A 60-year-old female compla ins  of tenderness  and pa in around a  peri toneal  catheter. Blood cul tures  reveal  gram-pos i tive, cata lase-pos i tive
cocci . Which of the fol lowing i s  the most l ikely organism that i s  a l so cons idered a  predominant organism on skin?

a. α-Hemolytic s treptococci
b. Bacteroides fragilis
c. Escherichia coli
d. Lactobacillus species
e. Staphylococcus epidermidis

272. A heal thy 45-year-old female had root canal  treatment about 3 weeks  ago. She now presents  with a  new heart murmur, fever, pa inful  skin
nodules , abdominal  pa in, and an abnormal  l iver function test. Which of the fol lowing organisms  would mostly l ikely cause endocardi ti s  and i s
impl icated in denta l  caries  or root canal  infections?

a. α-Hemolytic s treptococci
b. Bacteroides fragilis
c. Escherichia coli
d. Lactobacillus species
e. Staphylococcus epidermidis

273. A 17-year-old man i s  hospi ta l i zed with trauma to the abdomen fol lowing a  gang-related fight. He develops  an intraabdominal  abscess , which
is  dra ined and sent to the laboratory. A mixture of gram-negative anaerobes  i s  detected. Which of the fol lowing microorganisms  i s  the most l ikely
and i s  a lso the most preva lent bacterium in the gut?

a. α-Hemolytic s treptococci
b. Bacteroides fragilis
c. Escherichia coli
d. Lactobacillus species
e. Staphylococcus epidermidis

274. A 25-year-old female i s  treated with a  course of broad-spectrum antibiotics  for severe pelvic inflammatory disease. She now reports  a  thick
mi lky white pruri tic vagina l  discharge. Which of the fol lowing i s  the most preva lent microorganism in the vagina  and may a lso be protective?

a. α-Hemolytic s treptococci
b. Bacteroides fragilis
c. Escherichia coli
d. Lactobacillus species
e. Staphylococcus epidermidis

275. Vi ridans  s treptococci  (S. mutans, S. mitis) usual ly have α-hemolys is  and are optochin-res is tant. They are becoming increas ingly important as
causes  of endocardi ti s  and abscesses  (mixed infections). Which of the fol lowing best describes  S. mutans?

a. An anaerobic, fi lamentous  bacterium that often causes  cervicofacia l  osteomyel i ti s
b. A β-hemolytic organism that causes  a  di ffuse, rapidly spreading cel lul i ti s



c. A facul tative anaerobe that i s  highly cariogenic and s ticks  to teeth by synthes is  of a  dextran
d. A facul tative anaerobe that often inhabits  the bucca l  mucosa  early in a  neonate’s  l i fe and can cause bacteria l  rheumatic fever (RF)
e. A facul tatively anaerobic, rod-shaped bacterium that s ticks  to teeth and i s  cariogenic, commonly involved in problems involving denta l

procedures , trauma, surgery, or aspi ration

276. Streptococcus salivarius, a  common isolate, which i s  cons idered as  normal , nonpathogenic flora  in the cl inica l  laboratory, i s  best described by
which of the fol lowing?

a. An anaerobic, fi lamentous  bacterium that often causes  cervicofacia l  osteomyel i ti s
b. A β-hemolytic organism that causes  a  di ffuse, rapidly spreading cel lul i ti s
c. A facul tative anaerobe that i s  highly cariogenic and s ticks  to teeth by synthes is  of a  dextran
d. A facul tative anaerobe that often inhabits  the bucca l  mucosa  early in a  neonate’s  l i fe and can cause bacteria l  RF
e. A facul tatively anaerobic, rod-shaped bacterium that s ticks  to teeth and i s  cariogenic, commonly involved in problems involving denta l

procedures , trauma, surgery, or aspi ration

277. Actinomyces species  are a  large, diverse group of gram-pos i tive baci l l i . Actinomyces israelii i s  an organism that causes  pyogenic les ions  with
interconnecting s inus  tracts  that conta in granules  of microcolonies  embedded in the ti ssues . It i s  best described by which of the fol lowing?

a. An anaerobic, fi lamentous  bacterium that often causes  cervicofacia l  osteomyel i ti s
b. A β-hemolytic organism that causes  a  di ffuse, rapidly spreading cel lul i ti s
c. A facul tative anaerobe that i s  highly cariogenic and s ticks  to teeth by synthes is  of a  dextran
d. A facul tative anaerobe that often inhabits  the bucca l  mucosa  early in a  neonate’s  l i fe and can cause bacteria l  RF
e. A facul tatively anaerobic, rod-shaped bacterium that s ticks  to teeth and i s  cariogenic, commonly involved in problems involving denta l

procedures , trauma, surgery, or aspi ration

278. Actinomyces viscosus, a  ubiqui tous  actinomycete, grows  under micro-aerophi l i c or s trict anaerobic conditions  and produces  a  yel low-orange
granule in the typica l  ti s sue exudates . It i s  best described by which of the fol lowing?

a. An anaerobic, fi lamentous  bacterium that often causes  cervicofacia l  osteomyel i ti s
b. A β-hemolytic organism that causes  a  di ffuse, rapidly spreading cel lul i ti s
c. A facul tative anaerobe that i s  highly cariogenic and s ticks  to teeth by synthes is  of a  dextran
d. A facul tative anaerobe that often inhabits  the bucca l  mucosa  early in a  neonate’s  l i fe and can cause bacteria l  RF
e. A facul tatively anaerobic, rod-shaped bacterium that s ticks  to teeth and i s  cariogenic, commonly involved in problems involving denta l

procedures , trauma to or surgery of the ora l  cavi ty, or aspi ration

279. A 3-year-old gi rl  from a  fami ly that does  not bel ieve in immunization presents  to the emergency room with a  sore throat, fever, mala ise, and
di fficul ty breathing. A gray membrane covering the pharynx i s  observed on phys ica l  examination. Which of the fol lowing best describes  C.
diphtheriae, the etiologic agent?

a. It produces  at least one protein toxin cons is ting of two subunits , A and B, that cause severe spasmodic cough, usual ly in chi ldren
b. It produces  a  toxin that blocks  protein synthes is  in an infected cel l  and carries  a  lytic bacteriophage that produces  the genetic information for

toxin production
c. It secretes  an erythrogenic toxin that causes  the characteris tic s igns  of scarlet fever
d. It secretes  an exotoxin that has  been ca l led “verotoxin” and “Shiga-l ike toxin”; infection i s  mediated by speci fic attachment to mucosa l

membranes
e. It requires  cysteine for growth

280. A 4-year-old boy i s  taken to see his  pediatrician because of a  pers is tent cough that gradual ly worsened over a  12-day period. On the day of the
examination, the cough i s  so severe that i t i s  frequently fol lowed by vomiting. A blood cel l  count shows  marked leukocytos is  with a  predominance
of lymphocytes . Which of the fol lowing best characterizes  this  microorganism?

a. It produces  a  toxin that increases  cAMP levels , resul ting in increased mucus  production
b. It produces  a  toxin that blocks  protein synthes is  in an infected cel l  and carries  a  lytic bacteriophage that produces  the genetic information for

toxin production
c. It secretes  an erythrogenic toxin that causes  the characteris tic s igns  of scarlet fever
d. It secretes  an exotoxin that has  been ca l led “verotoxin” and “Shiga-l ike toxin”; infection i s  mediated by speci fic attachment to mucosa l

membranes
e. It requires  cysteine for growth

281. A 48-year-old deer hunter presents  to the emergency room with lymphadenopathy and a  skin les ion, which s tarted as  a  pa inful  papule at the
s i te of a  tick bi te. The papule then ulcerates  with a  necrotic center and ra ised border. Aspirate of the ulcer i s  pos i tive for F. tularensis. Which one of
the fol lowing best characterizes  this  bacterium?

a. It produces  at least one protein toxin cons is ting of two subunits , A and B, that cause severe spasmodic cough, usual ly in chi ldren
b. It produces  a  toxin that blocks  protein synthes is  in an infected cel l  and carries  a  lytic bacteriophage that produces  the genetic information for

toxin production
c. It secretes  an erythrogenic toxin that causes  the characteris tic s igns  of scarlet fever
d. It secretes  an exotoxin that has  been ca l led “verotoxin” and “Shiga-l ike toxin”; infection i s  mediated by speci fic attachment to mucosa l

membranes
e. It requires  cysteine for growth

282. Ten boy scouts  are hospi ta l i zed with bloody diarrhea and severe hematologica l  abnormal i ties . An investigation establ i shes  that a l l  of the
boys  developed symptoms fol lowing consumption of hamburgers  from the same fast-food restaurant cha in. Which of the fol lowing best describes
E. coli 0157/H7, the etiologic bacterium respons ible for the outbreak?

a. It produces  at least one protein toxin cons is ting of two subunits , A and B, that cause severe spasmodic cough, usual ly in chi ldren
b. It produces  a  toxin that blocks  protein synthes is  in an infected cel l  and carries  a  lytic bacteriophage that produces  the genetic information for



toxin production
c. It secretes  an erythrogenic toxin that causes  the characteris tic s igns  of scarlet fever
d. It secretes  an exotoxin that has  been ca l led “verotoxin” and “Shiga-l ike toxin”; infection i s  mediated by speci fic attachment to mucosa l

membranes
e. It requires  cysteine for growth

283. A 4-year-old gi rl  awakens  at midnight compla ining of a  sore throat and headache, and she has  a  fever of 101°F. Phys ica l  examination reveals
an erythematous  throat. A rapid s trep test i s  pos i tive. A throat swab i s  sent to the laboratory for further testing. Which of the fol lowing best
characterizes  S. pyogenes as  the presumed etiologic agent?

a. It produces  at least one protein toxin cons is ting of two subunits , A and B, that cause severe spasmodic cough, usual ly in chi ldren
b. It produces  a  toxin that blocks  protein synthes is  in an infected cel l  and carries  a  lytic bacteriophage that produces  the genetic information for

toxin production
c. It secretes  an erythrogenic toxin that causes  the characteris tic s igns  of scarlet fever
d. It secretes  an exotoxin that has  been ca l led “verotoxin” and “Shiga-l ike toxin”; infection i s  mediated by speci fic attachment to mucosa l

membranes
e. It has  capsules  of polyglutamic acid, which i s  toxic when injected into rabbits

284. A 19-year-old mi l i tary recrui t who l ives  in the barracks  develops  a  macular papular skin rash, severe headache, photophobia , fever, s ti ff neck,
and blurred vis ion. He i s  presumed to have N. meningitidis. Which of the fol lowing i s  a  characteris tic phys iologica l  tra i t of this  organism?

a. It causes  spontaneous  abortion and has  tropism for placenta l  ti s sue due to the presence of erythri tol  in a l lantoic and amniotic fluid
b. It has  a  capsule of polyglutamic acid, which i s  toxic when injected into rabbits
c. It possesses  N-acetylneuraminic acid capsule and adheres  to speci fic ti s sues  by pi l i  found on the bacteria l  cel l  surface
d. It secretes  two toxins , A and B, in the large bowel  during antibiotic therapy
e. It synthes izes  protein toxin as  a  resul t of colonization of vagina l  tampons

285. A 45-year-old cattle-farm worker goes  to the publ ic hea l th cl inic a fter experiencing 6 weeks  of undulating fever, chi l l s , sweating, headache,
fatigue, muscle pa in, and weight loss . His tory reveals  that he enjoys  drinking fresh unpasteurized mi lk with his  other coworkers  during the mid-
morning breaks . A blood sample i s  sent to the s tate laboratory for serologic testing because the phys ician ass is tant suspects  Brucella infection.
Which of the fol lowing best characterizes  this  organism?

a. It causes  spontaneous  abortion and has  tropism for placenta l  ti s sue due to the presence of erythri tol  in a l lantoic and amniotic fluid
b. It has  a  capsule of polyglutamic acid, which i s  toxic when injected into rabbits
c. It has  82 polysaccharide capsular types ; capsule i s  antiphagocytic; type 3 capsule (β-D-glucuronic acid polymer) most commonly seen in infected

adults
d. It secretes  two toxins , A and B, in the large bowel  during antibiotic therapy
e. It synthes izes  protein toxin as  a  resul t of colonization of vagina l  tampons

286. An 18-year-old male patient presents  to the emergency room with a  3-day his tory of fever, dry cough, di ffi cul ty in breathing, and muscle aches
and pa ins . His  chest x-ray shows  a  di ffuse left upper lobe infi l trate. Mycoplasma pneumoniae pneumonia  (walking pneumonia) may be rapidly
identi fied by which of the fol lowing procedures?

a. Cold agglutinin test
b. Cul ture of respi ratory secretions  in HeLa  cel l s  a fter centri fugation of the inoculated tubes
c. Cul ture of respi ratory secretions  on monkey kidney cel l s
d. Detection of speci fic antigen in urine
e. Electron microscopy of sputum

287. A 50-year-old male presents  with severe bi latera l  pulmonary infi l trate, elevated temperature leucocytos is , elevated enzymes , and elevated
creatine kinase. He recently vi s i ted his  favori te restaurant that had a  large water founta in, which was  misty on the day of his  vi s i t. Which of the
fol lowing procedures  would most rapidly diagnose the suspected organism that i s  the etiologic agent of Legionnaires  disease in this  patient?

a. Cold agglutinin test
b. Cul ture of respi ratory secretions  on a  charcoal -based nutrient agar
c. Detection of antigen in respi ratory secretions
d. Detection of speci fic antigen in urine
e. Electron microscopy of sputum

288. A group of elementary school -age chi ldren meet for a  bi rthday party, and in the next few days , about ha l f of them experience a  mi ld upper
respiratory i l lness , with sore throat and runny nose. One fami ly gets  laboratory work done and finds  that Chlamydia pneumoniae (TWAR) i s  involved.
Which of the fol lowing procedures  would be best i f the laboratory wanted to i solate this  bacterium?

a. Cold agglutinin test
b. Cul ture of respi ratory secretions  in HeLa  cel l s  a fter centri fugation of the inoculated tubes
c. Cul ture of respi ratory secretions  on monkey kidney cel l s
d. Detection of speci fic antigen in urine
e. Electron microscopy of sputum

289. A 70-year-old man with a  his tory of diabetes  presents  with severe pa in in his  right ear. The patient was  diagnosed with external  oti ti s . Further
tests  suggested that the patient suffered bone and nerve damage. Cl inica l  laboratory analys is  showed that the i solated microorganism produced
a dis tinct blue pigment as  wel l  as  an ADP-ribosylating toxin. What i s  the most l ikely causative agent?

a. Staphylococcus epidermidis
b. Staphylococcus aureus
c. Pseudomonas aeruginosa
d. Enterococcus faecalis



e. Candida albicans

290. A 40-year-old woman has  a  his tory of severa l  months  of gastric pa in that was  temporari ly rel ieved with antacid. Stomach biops ies  revealed
the presence of comma-shaped organisms. The patient responded very wel l  to a  combined treatment of proton pump inhibi tors  and amoxici l l in.
Which of the fol lowing factors  produced by the etiologic agent i s  associated with the development of gastric cancer in persons  with chronic
infections?

a. CagA protein
b. Flagel la
c. Mucinase
d. Urease
e. Vacuolating toxin

291. A 60-year-old man suffered from fever, watery diarrhea, abdominal  pa in, and nausea. Three weeks  later, he was  admitted to the hospi ta l
unable to speak but coherent and oriented. Neurologica l  examination revealed bi latera l  muscle weakness  in his  legs . Within hours , the muscle
weakness  extended to his  arms  and chest. He was  diagnosed with Gui l la in–Barré syndrome. With which organism was  he most l ikely infected?

a. Campylobacter jejuni
b. Clostridium tetani
c. Cytolmegalovirus
d. Salmonella enterica
e. Shigella sonnei

292. An outbreak of gastroenteri ti s  occurred in a  youth group camp. Water at the camp, which was  not chlorinated or fi l tered, was  obta ined from a
spring on the premises . The farmland near the camp was  grazed by cattle and sheep. Run-off from the pasture entered the camp spring. The
isolated microorganism required an atmosphere conta ining reduced oxygen and increased carbon dioxide for i ts  growth. In most cases , the
gastroenteri ti s  was  sel f-l imiting. Those requiring antibiotic treatment responded to erythromycin. Which i s  the most l ikely causative agent?

a. Campylobacter jejuni
b. Enteroinvas ive Escherichia coli (EIEC)
c. Enteropathogenic Escherichia coli (EPEC)
d. Vibrio cholerae
e. Vibrio parahaemolyticus

293. A man who had been wading whi le fi shing in the Gul f of Mexico developed pa inful  swel l ings  that evolved into ves icles  and bul lae (image).
These les ions  became necrotic and the man developed septicemia, severe seps is , and multiorgan dys function syndrome. Which of the fol lowing
is  the most l ikely cause of this  man’s  infection?

(Reproduced, with permission, from Goldsmith LA, Katz SI, Gilchrest BA, et al. Fi tzpatrick’s  Dermatology in Genera l  Medicine. 8th ed. New York: McGraw-Hill
Education; 2012. Fig. 183-4.)

a. Pseudomonas aeruginosa
b. Staphylococcus aureus
c. Streptococcus pyogenes
d. Vibrio parahaemolyticus
e. Vibrio vulnificus

294. A 60-year-old male in the intens ive care uni t recovering from back surgery required intubation for respi ratory support. Forty-eight hours  after
intubation, he developed venti lator-associated pneumonia . The microorganism isolated from tracheal  secretions  aspi rated from the patient i s  a
gram-negative, oxidase pos i tive, obl igate aerobe that produces  a  multi tude of vi rulence factors  including proteases , toxins , and rhamnol ipid. The
patient was  treated with broad-spectrum antibiotics  for severa l  weeks , but the treatment was  unsuccess ful  and he died. Which i s  the most l ikely
causative agent of this  patient’s  infection?



a. Escherichia coli
b. Haemophilus influenzae
c. Klebsiella pneumoniae
d. Moraxella catarrhalis
e. Pseudomonas aeruginosa

295. Four weeks  after hurricane Ri ta , a  50-year-old man and his  wi fe from southeastern Louis iana  developed diarrhea. The man had mi ld diarrhea.
However, his  wi fe had severe watery diarrhea, fever, muscle cramps, and vomiting, which quickly progressed in to a  loss  of renal  function and
respiratory and cardiac fa i lure. She responded very wel l  to antibiotic and aggress ive rehydration therapy. Stool  samples  from both patients
conta ined gram-negative comma-shaped bacteria . Which i s  the most l ikely causative agent?

a. Campylobacter jejuni
b. Salmonella enterica
c. Shigella flexneri
d. Vibrio cholerae
e. Vibrio vulnificus



Answers

180. The answer is a. (Murray [2009], pp 277-285. Murray [2013], Ch 25; Ryan, Ch 27.) Mycoplasma hominis and Mycoplasma pneumoniae are obvious ly
incorrect because they do not possess  a  cel l  wal l  and would s ta in pink fol lowing the Gram sta in. They a lso are not acid fast. That leaves  the three
Mycobacterium species  as  the poss ible correct answer. Mycobacterium scrofulaceum i s  incorrect because i t i s  rarely pathogenic and i s  uncommon in
the United States . Mycobacterium tuberculosis infections  in AIDS patients  are more common than M. avium-complex diseases  in places  l ike As ia  and
Africa  where tuberculos is  i s  more l ikely to occur. Recently, AIDS patients  in the United States  are more l ikely to be infected with M. avium-complex
than M. tuberculosis due to the rari ty of the disease tuberculos is  in this  country.

181. The answer is c. (Murray [2009], pp 282-285. Murray [2013], Ch 25; Ryan, Ch 27.) Lady Windermere syndrome is  caused by M. avium-complex, usual ly
in elderly female nonsmokers , resul ting in a  very serious  lung infection with this  organism. Scrofula  i s  a  term usual ly reserved for tuberculos is  of
the neck, but the disease i s  rea l ly a  cervica l  lymphadenopathy caused by Mycobacterium tuberculosis. The woman obvious ly has  leprosy due to the
presence of acid-fast s ta ining baci l l i  in the skin scrapings  and the loss  of feel ing in her fingers  and toes . This  i s  caused by the bacterium infecting
and destroying nervous  ti ssue in these areas . Tuberculoid leprosy (a lso ca l led paucibaci l lary Hansen disease) i s  the mi ld form of the disease
with few organisms  observed in skin scrapings . Lepromatous  leprosy i s  the fulminant form of the disease with numerous  baci l l i  seen in skin
scrapings . Leprosy i s  a l so known as  Hansen disease, a fter the discoverer of the causative organism of the disease, Mycobacterium leprae.

182. The answer is e. (Murray [2009], pp 371-373. Murray [2013], Ch 35; Ryan, Ch 40.) Bacillus anthracis causes  anthrax and the man obvious ly does  not
have anthrax which i s  usual ly mani fested as  a  cutaneous  disease. Brucella abortus tends  to produce a  mi ld disease with rare pus  forming
compl ications . Therefore, the question becomes  which of the s tated Bartonella species  causes  Trench fever and i s  spread by l i ce? Bartonella
bacilliformis i s  spread by sand fl ies  and causes  Carrion disease, which i s  an acute febri le i l lness  cons is ting of an anemia  that i s  ca l led Oroya
fever. This  i s  then fol lowed by the cutaneous  form of the disease ca l led verruga  peruana. The anemia  i s  caused by the organism entering the red
blood cel l s  and a l tering them to the degree that they are cleared by the reticuloendothel ia l  sys tem. Bartonella henselae causes  a  medica l  problem
cal led cat scratch disease (CSD). It i s  a  chronic regional  lymphadenopathy fol lowing the scratch of a  cat. It i s  not spread by an insect vector.
Bartonella quintana causes  Trench fever, a l so known as  5-day fever because the fever reoccurs  at 5-day interva ls . This  disease i s  characterized by
severe headaches , pa in in the long bones , and 5-day fever interva ls . It i s  spread by the human body louse—Pediculus humanus. That i s  why this
disease i s  often seen in the homeless  who have a  di ffi cul t time bathing regularly.

183. The answer is a. (Murray, pp 365-369; Murray [2013], Ch 34; Ryan, Ch 34.) Legionnaires ’ disease i s  a  disease caused by infection with Legionella
pneumophila. It i s  a  disease caused by the organism growing in the a i r conditioning systems in bui ldings . Therefore, i t i s  a  disease that i s  most
often seen in the summer. Legionnaires ’ disease i s  a  disease primari ly a ffecting the lungs . The organism wi l l  not grow on blood agar but wi l l
grow on buffered charcoal  yeast extract as  a  Gram-negative rod. Because i t produces  a  penici l l inase, the antibiotic penici l l in i s  ineffective aga inst
i t. The mi ld form of Legionnaires ’ disease i s  ca l led Pontiac fever because i t was  fi rs t observed in Pontiac, Michigan. Ps i ttacos is , which i s  caused by
Chlamydophila psittaci, i s  a  lung infection, but the organism wi l l  not grow on buffered charcoal  yeast extract agar. Klebsiella pneumoniae wi l l  cause a
lobar lung infection and i s  a  Gram-negative rod, but i t wi l l  grow on blood agar media . Streptococcus pneumoniae wi l l  a l so cause a  lobar pneumonia ,
but i t i s  a  Gram-pos i tive coccus , and i t wi l l  grow on blood agar media . Fina l ly, tuberculos is , which i s  caused by Mycobacterium tuberculosis, i s  not a
Gram-negative bacterium, and wi l l  not even s ta in with the Gram-sta in due to the high concentration of l ipid in i ts  cel l  wal l .

184. The answer is d. (Murray [2009], pp 209-217; Murray [2013], Ch 18; Ryan, Ch 24.) Staphylococca l  food poisoning i s  caused by Staphylococcus aureus and
not Staphylococcus epidermidis. It i s  a  resul t of the ingestion of food contaminated with S. aureus that the bacterium has  grown on and produced a
heat-s table enterotoxin. This  i s  a  toxemia  and not an infection and that i s  why no antibiotic intervention i s  necessary, as  wel l  as  why i t occurs  so
quickly (2-3 hours ) fol lowing ingestion of the contaminated food. It a l so i s  sel f-l imiting and usual ly resolves  i tsel f in 24 hours . Bacillus cereus a l so
produces  a  rapid food poisoning (3-4 hours  after the ingestion of contaminated food), but the usual  food i s  ri ce because the organism is  a  spore
former and the spores  survive the heating of the rice. Clostridium botulinum a l so produces  a  food poisoning but i t may take 36 hours  to mani fest
i tsel f and the end resul t i s  a  flaccid para lys is  and not vomiting and diarrhea. Escherichia coli i s  a l so a  wel l -known cause of food poisoning but i t
takes  at least 24 hours  to mani fest i tsel f because the organism must grow in the gut and produce enough enterotoxin to cause the observed
vomiting and diarrhea.

185. The answer is d. (Murray [2009], pp 381-383; Murray [2013], Ch 36; Ryan, Ch 29.) The boy met his  unfortunate end for a  variety of di fferent reasons .
The primary reason the boy died was  because he had not recently received a  tetanus  booster. If he had told his  parents  about the na i l  puncture,
they could have taken him to the doctor to get a  tetanus  shot. That shot would have saved his  l i fe. Now we wi l l  go to the microbiology of the
question. The boy came down with tetanus  because Clostridium tetani i s  a  spore former, and because the spores  can be found in the soi l , they can
also be found on rusty na i l s . The rust on the na i l  does  not play a  role in this  question at a l l . The second important thing about Clostridium tetani i s
that i t i s  a  s trict anaerobe. So the na i l  drives  the spores  into the boy’s  foot and causes  ti ssue damage (necros is ), and where there i s  necros is ,
there i s  no blood supply, and where there i s  no blood supply, there i s  no oxygen, and where there i s  no oxygen there are anaerobic conditions .
Therefore, the Clostridium tetani spores  can germinate (crack open) and a l low the vegetative form of the organism to come out, and i t i s  the
vegetative form that produces  the potent heat-labi le neurotoxin. The Clostridium tetani neurotoxin blocks  release of the neurotransmitters  for
inhibi tory synapses , thus  caus ing the involuntary muscle spasms and respiratory fa i lure.

186. The answer is e. (Murray [2009], pp 261-267. Murray [2013], Ch 23. Ryan, Ch 26.) The disease that this  chi ld has  i s  diphtheria , which i s  caused by
Corynebacterium diphtheriae. Bacillus anthracis causes  the disease anthrax and there i s  no leathery membrane s tructure produced in the pharynx in
anthrax. None of the Clostridium species  l i s ted above (botulinum, perfringens, or tetani) produce a  leathery membrane in the pharynx, and bes ides
they are a l l  s trict anaerobes  and would not grow in the ora l  cavi ty. C. diphtheriae does  produce a  leathery membrane in the ora l  cavi ty due to i ts
production of the diphtheria  toxin whose mechanism of action i s  inhibi tion of protein synthes is  by inactivation of elongation factor 2, which i s  a
mammal ian protein that transfers  the amino acid from the t-RNA to the growing polypeptide cha in.

187. The answer is d. (Brooks, pp 275-276. Levinson, pp 146, 496. Murray, pp 328-332. Ryan, pp 381-383. Toy, p 90.) Helicobacter pylori was  fi rs t recognized as  a
poss ible cause of gastri ti s  and peptic ulcer by Marshal l  and Warren in 1984. This  organism is  readi ly i solated from gastric biops ies  but not from
stomach contents . It i s  s imi lar to Campylobacter species  and grows  on chocolate agar at 98.6°F (37°C) in the same microaerophi l i c envi ronment
sui table for C. jejuni (Campy-Pak or anaerobic jar [Gas  Pak] without the cata lys t). Helicobacter pylori, however, grows  more s lowly than C. jejuni,
requiring 5 to 7 days ’ incubation. C. jejuni grows  optimal ly at 107.6°F (42°C), not 98.6°F (37°C), as  does  H. pylori.



188. The answer is a. (Brooks, pp 280-282. Levinson, pp 152-153. Murray, pp 343-348. Ryan, pp 399-400.) The major determinant of vi rulence in H. influenzae
i s  the presence of a  capsule. There i s  no demonstrable exotoxin, and the role of endotoxin i s  unclear. Whi le one would expect that IgA protease
would inhibi t loca l  immunity, the role of this  enzyme in pathogenes is  i s  as  yet unclear. Flagel la  production i s  not cons idered a  vi rulence factor.
See the table accompanying the answer to question 190 for a  comparison of gram-negative rods  associated with the respiratory tract.

189. The answer is e. (Brooks, pp 270-272. Levinson, pp 45, 143-145. Murray, pp 317-322. Ryan, pp 348, 375. Toy, p 102.) The toxin of V. cholerae and LT
enterotoxin from E. coli are s imi lar. The B subunits  of the toxins  bind to gangl ios ide GM1 receptors  on the host cel l . The A subunits  cata lyze
transfer of the ADP-ribose moiety of ADP to a  regulatory protein known as  Gs. This  activated Gs s timulates  adenyl  cyclase. Cycl ic AMP is  increased,
as  i s  fluid and electrolyte release from the crypt cel l s  into the lumen of the bowel . Watery, profuse diarrhea ensues . Brucella abortus di sease s tarts
in humans  with an acute bacteremic phase fol lowed by a  chronic s tage that may las t for years . They are adapted to an intracel lular habi tat with
complex nutri tional  requirements . Brucella abortus does  not produce any product s imi lar to the toxin of V. cholerae; C. diphtheriae’s toxin causes  an
abrupt arrest of protein synthes is  that resul ts  in the necrotizing and neurotoxic effects . Li s teria  enters  the body through ingestion and infects  cel l s
of the CNS. No vi rulence factor s imi lar to that of V. cholerae i s  produced by Li s teria  organisms. Pseudomonas aeruginosa i s  pathogenic only when
introduced into areas  where there are no normal  defenses . It produces  exotoxin A, which causes  ti ssue necros is  and blocks  protein synthes is
s imi lar to C. diphtheriae.

190. The answer is d. (Brooks, pp 317, 751. Levinson, pp 25, 189, 503. Ryan, p 904.) Microscopic examination can readi ly demonstrate clue cel l s  (epi thel ia l
cel l s  with Gardnerella bacteria  attached) or pseudohyphae (Candida). A wet mount wi l l  be needed to demonstrate moti le Trichomonas cel l s . Candida,
Trichomonas, and bacteria l  vagini ti s  are seen most often. Staphylococcus aureus i s  involved much less  frequently. Whi le E. coli may be a  common
cause of geni tourinary infection, clue cel l s  are usual ly absent. See the below table for a  comparison of these bacteria .





191. The answer is d. (Brooks, pp 224-230. Levinson, pp 106-110, 484. Murray, pp 209-220. Ryan, p 268.) Staphylococcus aureus i s  a  wel l -known pathogen that
is  very opportunis tic and commonly causes  abscess  les ions . It routinely may res is t phagocytos is  by WBCs  due to protein A. Osteomyel i ti s  and
arthri ti s , ei ther hematogenous  or traumatic, are commonly caused by S. aureus, especia l ly in chi ldren. Salmonella are gram-negative. Staphylococcus
saprophyticus i s  a  common skin flora  and i s  usual ly not pathogenic. Streptococcus pneumoniae i s  seldom or never involved in osteomyel i ti s
infections , as  i s  true for L. monocytogenes.

192. The answer is c. (Brooks, p 293. Levinson, pp 160, 495. Murray, pp 344-350. Ryan, p 490.) Pasteurella (gram-negative coccobaci l l i ) are primari ly animal
pathogens , but they can cause a  wide range of human diseases . They have a  bipolar appearance on s ta ined smears . Pasteurella multocida occurs
worldwide in domestic and wi ld animals . It i s  the most common organism in human wounds  infl i cted by bi tes  of cats  and dogs . It i s  a  common
cause of hemorrhagic septicemia  in a  variety of animals . Wounds  commonly present with an acute onset (within hours ) of redness , swel l ing, and
pain. The other organisms  are routinely found in the envi ronment and may be opportunis tic pathogens . Pasteurella multocida i s  a  gram-negative rod
that usual ly responds  to penici l l in treatment. Aeromonas, Campylobacter, Pseudomonas, and Yersinia are a lso gram-negative rods .

193. The answer is a. (Brooks, pp 320-326. Levinson, pp 161-165. Murray, pp 278-281. Ryan, pp 445-446.) Most cases  of tuberculos is  are caused when
patients  inhale droplet nuclei  conta ining infectious  organisms. Whi le the baci l l i  are depos i ted on the a lveolar spaces , they do not clog up the
alveol i  but are engul fed by macrophages . Tissue injury i s  not a  resul t of toxin secretion but of cel l -mediated hypersens i tivi ty; that i s ,
“immunologic injury.” Humoral  (antibodies ) immunity would not be respons ible for ti s sue damage s ince CMI i s  reacting aga inst the organism.
Adhes ion s i tes  are not impl icated as  vi rulence factors  and toxins  apparently are not made by the organisms.



(Reproduced, with permission, from Brooks GF, et al. Jawetz’s  Medica l  Microbiology. 24th ed. New York: McGraw-Hill; 2007:322.)

194. The answer is c. (Brooks, p 190. Levinson, pp 70, 78-79. Murray, pp 207, 816-817. Ryan, p 33.) A new class  of antibiotics , the quinolones , has  one
member, na l idixic acid, that has  been ava i lable for years . The new representatives  are much more active biologica l ly and are effective aga inst
vi rtua l ly a l l  gram-negative bacteria  and most gram-pos i tive bacteria . They include norfloxacin, ofloxacin, ciprofloxacin, enoxacin, and the
fluorinated quinolones  such as  lomefloxacin. These antibiotics  ki l l  bacteria  by inhibi tion of synthes is  of nucleic acid, more speci fica l ly, DNA
gyrase. Res is tance to quinolones  has  been observed and appears  to be a  class -speci fic phenomenon. An exception i s  when an organism is
res is tant to na l idixic acid, elevated minimal  inhibi tory concentrations  (MICs) wi l l  genera l ly apply to other quinolones , a l though these MICs  wi l l
s ti l l  be within the range of susceptibi l i ty. Penici l l in-binding proteins  (PBPs) and β-lactamase involve penici l l ins , not quinolones , as  does  the
glycine cross -l inking. Inhibi tion of reverse transcriptase (RNA-dependent DNA polymerase) would not be involved in this  cl inica l  s i tuation s ince RT
inhibi tion would indicate HIV or HBV involvement.

195. The answer is c. (Brooks, pp 225, 229. Levinson, pp 106-110. Murray, pp 211-220. Ryan, pp 269-270.) VISA was  fi rs t recognized in Japan. Emergence in
the United States  soon fol lowed. It i s  l i kely that the human VISA i solates  have resul ted from increased use of vancomycin for patients  with MRSA
or perhaps  an increased pool  of VISA in the envi ronment selected out by the use of glycopeptides  such as  avoparcin, a  growth promoter used in
food-producing animals . In patients  with VISA, the Centers  for Disease Control  and Prevention (CDC) s trongly recommend compl iance with
isolation procedures  and other infection control  practices  geared to control  of VISA. Staphylococci  are susceptible to vancomycin i f the MIC i s
equal  to or less  than 2 μg/mL and of intermediate susceptibi l i ty i f the MIC i s  4 to 8 μg/mL. Vancomycin res is tance in S. aureus i s  of major concern
worldwide and survei l lance should be mainta ined. VISA s tra ins  are usual ly nafci l l in-res is tant.

196. The answer is a. (Brooks, pp 198, 280. Levinson, pp 62-64. Murray, p 808. Ryan, pp 854-855. Toy, p 90.) Many sputum specimens  are cul tured
unnecessari ly. Sputum is  often contaminated with sa l iva  or i s  a lmost tota l ly made up of sa l iva . These specimens  rarely reveal  the cause of the
patient’s  respi ratory problem and may provide laboratory information that i s  harmful . The sputum in the question appears  to be a  good specimen
because there are few epi thel ia l  cel l s . The pleomorphic, gram-negative rods  are suggestive of Haemophilus, but cul ture of the secretions  i s
necessary. Normal  flora  from a  heal thy ora l  cavi ty cons is ts  of gram-pos i tive cocci  and rods , with few or no PMNs. Pneumococci  are gram-pos i tive
diplococci . Vincent disease i s  an ora l  infection, which involves  ora l  ti s sue only. The presence of PMNs indicates  an inflammatory response.

197. The answer is b. (Brooks, pp 306-309. Levinson, pp 150-151, 497. Murray, pp 400-403. Ryan, pp 324-325.) Bacteroides fragilis i s  a  consti tuent of normal
intestina l  flora  and readi ly causes  wound infections  often mixed with aerobic i solates . These anaerobic, gram-negative rods  are uni formly
res is tant to aminoglycos ides  and usual ly to penici l l in as  wel l . Rel iable laboratory identi fi cation may require multiple analytica l  techniques .
Genera l ly, wound exudates  smel l  bad owing to production of organic acids  by such anaerobes  as  B. fragilis. Black exudates  or a  black pigment
(heme) in the i solated colony i s  usual ly a  characteris tic of Bacteroides (Porphyromonas) melaninogenicus, not B. fragilis. Potent neurotoxins  are
synthes ized by the gram-pos i tive anaerobes  such as  C. tetani and C. botulinum.

198. The answer is b. (Brooks, pp 296-301. Levinson, pp 119-123. Murray, pp 292-298. Ryan, p 336.) Typica l  Neisseria are gram-negative diplococci . Neisseria
gonorrhoeae conta in pi l i , ha i rl ike appendages  that may be severa l  micrometers  long. They enhance attachment of the organism to mucous
membranes , helping to make the organism more res is tant to phagocytos is  by WBCs . Gonococci  i solated from cl inica l  specimens  produce smal l
colonies  conta ining pi l iated bacteria . Capsules  appear to be less  important in gonococca l  infection than N. meningitidis infections . Flagel la ,
peptidoglycan, LPS, and F pi l i  do not s igni ficantly relate to pathogenes is , other than that LPS (endotoxin) release may become s igni ficant later in
infection.



Col lage and drawing of N. gonorrhoeae showing pi l i  and the three layers  of the cel l  envelope. (Reproduced, with permission, from Brooks GF, et al.
Jawetz’s  Medica l  Microbiology. 22nd ed. New York: McGraw-Hill; 2001:256.)

199. The answer is d. (Brooks, pp 218-219. Levinson, pp 131-132. Murray, pp 255-258. Ryan, pp 302-304. Toy, p 102.) Listeria multipl ies  both extra-cel lularly
and intracel lularly, but under most ci rcumstances , a  competent immune system el iminates  Listeria. As  expected, l i s terios is  i s  seen in the very
young and the very old, and in people with compromised immune systems. Reports  of Listeria food outbreaks  have impl icated such foods  as
coles law and mi lk products , especia l ly i f not pasteurized. Early-onset-syndrome l i s terios is  i s  the resul t of infection in utero and characterized by
seps is  and les ions  in multiple organs . None of the other options  (Corynebacterium, Escherichia, s treptococci  type B, or S. pneumoniae) would be l ikely
to cause an in utero infection.

200 to 203. The answers are 200-d, 201-a, 202-c, and 203-d. (Brooks, pp 332-335. Levinson, pp 8, 173, 501. Murray, pp 405-411. Ryan, pp 424-430. Toy, p 164.)
This  patient appears  to have primary syphi l i s , as  evidenced by a  peni le chancre that was  not tender. One of the di fferences  between syphi l i s  and
herpes  s implex vi rus  (HSV) i s  that an HSV les ion i s  excruciatingly pa inful . The herpes  les ion i s  ves icular in appearance whereas  the class ic
syphi l i s  chancre has  an eroded appearance. Treponemal  organisms  may be seen microscopica l ly in the les ion i f the les ion i s  scraped. The
syphi l i s  les ion wi l l  resolve with antibiotic therapy. Acyclovi r prescription at this  time would be premature. If not treated, the chancre wi l l
disappear and the patient wi l l  be asymptomatic unti l  he/she exhibi ts  the s igns  and symptoms of secondary syphi l i s , which include a
disseminated rash and systemic involvement such as  meningi ti s , hepati ti s , or nephri ti s . There are two kinds  of tests  for the detection of syphi l i s
antibodies : nonspeci fic tests  such as  the RPR and VDRL, and speci fic tests  such as  the FTA, T. pallidum hemagglutination test (TPHA), and the
microhemagglutination—T. pallidum (MHTP). The di fference i s  that the nonspeci fic tests  use a  cross -reactive antigen known as  cardiol ipin, whi le
the speci fic tests  use a  T. pallidum antigen. Al though the nonspeci fic tests  are sens i tive, they lack speci fici ty and often cross -react in patients  who
have diabetes , hepati ti s , or infectious  mononucleos is , or who are pregnant. Some patients , especia l ly those with autoimmune diseases , wi l l
have both nonspeci fic (RPR) and speci fic tests  (FTA) pos i tive even i f they do not have syphi l i s . Resolution of such a  s i tuation can be done by
molecular methods  for T. pallidum, such as  PCR, or by the immobi l i zation test us ing l ive spi rochetes  and the patient’s  serum. In the TPI test, the
spirochetes  wi l l  die in the presence of speci fic antibody.



Treponemal  and nontreponemal  tests  in syphi l i s . The time course of treated and untreated syphi l i s  in relation to serologic tests  i s  shown. The
nontreponemal  tests  (VDRL, RPR) ri se during primary syphi l i s  and reach their peak in secondary syphi l i s . They s lowly decl ine with advancing age.
With treatment they revert to normal  over a  few weeks . The treponemal  tests  (FTA-Abs , MHTP) fol low the same course but remain elevated even
fol lowing success ful  treatment. (Reprinted, with permission, from Ryan KJ, et al. Sherri s  Medica l  Microbiology. 4th ed. New York: McGraw-Hill; 2001:429.)

204. The answer is b. (Brooks, p 211. Levinson, pp 129, 492-493. Murray, pp 378-387. Ryan, pp 322-324.) Patients  treated with antibiotics  develop diarrhea
that, in most cases , i s  sel f-l imiting. However, in some instances , particularly in those patients  treated with ampici l l in or cl indamycin, a  severe,
l i fe-threatening pseudomembranous  enterocol i ti s  develops . This  disease has  characteris tic his topathology, and membranous  plaques  can be
seen in the colon by endoscopy. Pseudomembranous  enterocol i ti s  and antibiotic-associated diarrhea are caused by an anaerobic gram-pos i tive
rod, C. difficile. It has  been recently shown that C. difficile produces  a  protein toxin with a  molecular weight of about 250,000. The “toxin” i s , in fact,
two toxins , toxin A and toxin B. Both toxins  are a lways  present in feca l  samples , but there i s  approximately 1000 times  more toxin B than toxin A.
Toxin A has  enterotoxic activi ty—that i s , i t el i ci ts  a  pos i tive fluid response in l igated rabbit i lea l  loops—whereas  toxin B appears  to be primari ly a
cytotoxin. The bacteroides  and clostridium organisms  are anaerobic and can be found in the intestina l  tract. Also, these would be ki l led by the
antibiotics  given to the patient. Staphylococcus aureus i s  res is tant to many antimicrobia ls  and can cause gastroenteri ti s  i f i t becomes  predominant,
but i t usual ly does  not cause as  serious  disease as  pseudomembranous  enterocol i ti s . Commercia l  laboratory tests  are ava i lable to identi fy C.
difficile toxin and enterotoxin.

205. The answer is a. (Brooks, pp 280-282. Levinson, pp 152-155. Murray, pp 343-349. Ryan, pp 397-401.) Meningi ti s  caused by H. influenzae cannot be
dis tinguished on cl inica l  grounds  from that caused by pneumococci  or meningococci . The symptoms described are typica l  for a l l  three organisms.
H. influenzae i s  a  smal l , gram-negative rod with a  polysaccharide capsule. It i s  able to grow on laboratory media  i f two factors  are added. Heme
(factor X) and NAD (factor V) provide for energy production. Use of the conjugate vaccine (type b polysaccharide) reduces  the disease incidence
more than 90%. Pneumococci  are gram-pos i tive diplococci , and meningococci  are gram-negative diplococci , which grow on blood agar and
chocolate agar with no X and V factors  needed, respectively. Sa l t-mannitol  agar i s  used to dis tinguish S. aureus from other ora l  flora . Streptococci
do not produce cata lase whi le many other organisms  do. Coagulase production i s  another test to identi fy S. aureus. Commercia l  ki ts  are ava i lable
for immunologic detection of H. influenzae antigens  in spina l  fluids , but currently none are ava i lable to measure speci fic antibody in CSF.

206. The answer is a. (Brooks, p 220. Levinson, pp 169-170, 500-501. Murray, pp 391-393. Ryan, pp 458-459.) The patient presented with typica l  symptoms of
actinomycos is . Actinomyces israelii i s  normal  flora  in the mouth. However, i t causes  a  chronic dra ining infection, often around the maxi l la  or the
mandible, with osteomyel i tic changes . Treatment i s  high-dose penici l l in for 4 to 6 weeks . The diagnos is  of actinomycos is  i s  often compl icated by
the fa i lure of A. israelii to grow from the cl inica l  specimen. It i s  an obl igate anaerobe. FA reagents  are ava i lable for di rect s ta ining of A. israelii. A
rapid diagnos is  can be made from the pus . FA conjugates  are a lso ava i lable for A. viscosus and A. odontolyticus, anaerobic actinomycetes  that are
rarely involved in actinomycotic abscesses . Corynebacterium diphtheriae i s  a  gram-pos i tive rod, as  i s  P. acnes, and S. aureus would be a  large gram-
pos i tive cocci .

207. The answer is b. (Brooks, pp 238-240. Levinson, pp 112-113, 485. Murray, pp 233-236. Ryan, pp 286-287.) GBS can be reduced by intrapartum
adminis tration of penici l l in. Whi le GBS i s  relatively more res is tant to penici l l in than group A s treptococci , the great majori ty of GBS i solates  are
sti l l  penici l l in-susceptible. An aminoglycos ide such as  gentamicin may be added to GBS treatment regimens  due to the relative reduced
susceptibi l i ty of some s tra ins . Experimenta l ly, GBS polysaccharide vaccines  have a lso been used. Screening pregnant females  early in pregnancy
probably offers  l i ttle advantage because of the poss ible acquis i tion of GBS late in the pregnancy. Identi fi cation of poss ible high-ri sk bi rths  would
be part of the phys ician’s  care of the pregnant patient and i s  too genera l  for this  question. Screening for GBS at the fi rs t office vis i t i s  premature
s ince this  i s  a  fi rs t-time pregnancy with no his tory of GBS compl ications . Screening of GBS in the las t trimester would probably not be done unless
some indication of problems was  identi fied. GBS i s  part of the normal  vagina l  flora  and would be identi fied as  such on cul turing. No



polysaccharide vaccine for GBS i s  currently ava i lable.

208. The answer is b. (Brooks, pp 238-240. Levinson, pp 112-113, 485. Murray, pp 233-236. Ryan, pp 286-287.) There has  been speculation concerning the
pathogenes is  of GBS. This  includes  fa i lure to activate complement pathways  and immobi l i zation of polymorphonuclear leukocytes  due to the
inactivation of complement C5a, a  potent chemoattractant.

209. The answer is a. (Brooks, pp 332-335. Levinson, pp 173-175. Murray, pp 405-411. Ryan, pp 424-429.) In men, the appearance of a  hard chancre on the
penis  characteris tica l ly indicates  syphi l i s . Even though the chancre does  not appear unti l  the infection i s  2 or more weeks  old, the VDRL test for
syphi l i s  s ti l l  can be negative despi te the presence of a  chancre (the VDRL test may not become pos i tive for 2 or 3 weeks  after ini tia l  infection).
However, a  les ion suspected of being a  primary syphi l i ti c ulcer should be examined by dark-field microscopy, which can reveal  moti le treponemes.
Sending the patient home untreated would never occur, especia l ly in l ight of the les ion being present. Since syphi l i s  was  suspected, the
spirochete would not grow on T-M medium, and no pus  discharge (suspect gonorrhea) was  reported to justi fy cul ture for N. gonorrhoeae.

210. The answer is a. (Brooks, pp 285-286. Levinson, pp 157, 491-492. Murray, pp 358, 361-363. Ryan, pp 483-484.) Brucella are smal l , aerobic, gram-negative
coccobaci l l i . Of the four wel l -characterized species  of Brucella, only one—B. melitensis—characteris tica l ly infects  both goats  and humans .
Brucel los is  may be associated with GI and neurologic symptoms, lymphadenopathy, splenomegaly, hepati ti s , and osteomyel i ti s . Susceptibi l i ty to
dyes  (thionin and bas ic fuchs in) can help in di fferentiation of the species . None of the remaining options  (C. jejuni, S. enteritidis, and S. marcescens)
are known to routinely be passed from animals  to humans . Francisella tularensis i s  known to be so (see the table), but usual ly in connection with
hunting and cleaning game animals . See the table below for a  l i s ting of gram-negative rods  associated with animal  sources .



211. The answer is a. (Brooks, pp 270-272. Levinson, pp 143-145. Murray, pp 317-320. Ryan, pp 376-377.) Cholera  i s  a  toxicos is . The mode of action of
cholera  toxin i s  to s timulate the activi ty of adenyl  cyclase, an enzyme that converts  ATP to cycl ic AMP. Cycl ic AMP stimulates  the secretion of
chloride ion, and affected patients  lose copious  amounts  of fluid. A drug that inhibi ts  adenyl  cyclase thus  might block the effect of cholera  toxin.
Water and electrolyte replacement are primary management mechanisms, whi le ora l  tetracycl ine may help reduce s tool  output. Many
antimicrobia l  agents  are effective aga inst V. cholerae, notably ora l  tetracycl ine. A sens i tivi ty test would be needed for choos ing the best drug to ki l l
the bacteria . Fluid secretion would be lessened i f adenyl  cyclase was  inhibi ted. Our patient would not die with the described medica l  treatment,
but be helped to overcome the infection. Reduction of bacteria l  moti l i ty has  no association with bacteria l  vi rulence.

212. The answer is d. (Brooks, pp 226-228. Levinson, pp 106-110. Murray, pp 210-223. Ryan, pp 263-264.) Certa in s tra ins  of s taphylococci  elaborate an
enterotoxin that i s  frequently respons ible for food poisoning. Typica l ly, the toxin i s  produced when s taphylococci  grow on foods  rich in
carbohydrates  and i s  present in the food when i t i s  consumed. The resul ting gastroenteri ti s  i s  dependent only on the ingestion of toxin and not



on bacteria l  multipl ication in the GI tract. Characteris tic symptoms are nausea, vomiting, abdominal  cramps, and explos ive diarrhea. The i l lness
rarely las ts  more than 24 hours . Campylobacter perfringens toxin contributes  to a  form of food poisoning, but the organism is  ingested and grows  in
the patient, then releas ing the toxin. Campylobacter perfringens a l so have toxins  that can damage various  ti s sues  (gas  gangrene). Staphylococcus
aureus produces  coagulase that clots  plasma and does  not contribute to S. aureus food poisoning. Penici l l inase (β-lactamase) does  not contribute
to food poisoning symptoms. Leukocidin inactivates  WBCs  in the laboratory, but cl inica l  s igni ficance i s  uncerta in.

213. The answer is e. (Brooks, pp 224-229. Levinson, pp 106-110. Murray, p 222, Ryan, pp 269-270.) Staphylococci  are gram-pos i tive, non-spore-forming
cocci . Cl inica l ly, thei r antibiotic res is tance poses  major problems. Many s tra ins  produce β-lactamase (penici l l inase), an enzyme that destroys
penici l l in by opening the lactam ring. Drug res is tance, mediated by plasmids , may be transferred by transduction. No known a l lergic reactions
occur by release of s taphylococca l  proteins . Even i f the penici l l in penetrates  the S. aureus membrane, external  penici l l inase would probably have
broken the β-lactam ring, inactivating the drug. S. aureus most l ikely conta ins  penici l l in-binding proteins  (PBPs) but nothing happens  i f the
penici l l in i s  inactivated. Acetyl  i s  CH3CO. The acetylase would break this  bond, but i t i s  uncerta in whether this  inactivates  penici l l in l ike β-
lactamase does .

214. The answer is c. (Brooks, p 207. Levinson, pp 127-128, 492. Murray, pp 383-386. Ryan, pp 320-322.) Campylobacter botulinum growing in food produces  a
potent neurotoxin that causes  diplopia , dysphagia , respi ratory para lys is , and speech di ffi cul ties  when ingested by humans . The toxin i s  thought to
act by blocking the action of acetylchol ine at neuromuscular junctions . Botul i sm is  associated with high morta l i ty; fortunately, C. botulinum
infection in humans  i s  rare. Activation of cycl ic AMP is  important in cholera  disease, not botul i sm. Clostridia  are gram-pos i tive and have no
endotoxin. Ingestion of the botul i sm toxin ini tiates  the disease. The actua l  organism may or may not be a l ive when ingested. An enterotoxin, by
defini tion, would affect the intestina l  tract.

215. The answer is a. (Brooks, pp 296-303. Levinson, pp 119-123. Murray, pp 73-78, 291-299. Ryan, p 327.) Severa l  Neisseria species  make up part of the
normal  (nonpathogenic) flora  of the human upper respi ratory tract. Whi le commensal  organisms  seldom cause disease, they may occas ional ly be
opportunis tic. These organisms  are a lso “foreign” to the immune system and cause immune responses  to occur, especia l ly humoral  (antibody).
The pathogens  (N. gonorrhea and N. meningitidis) produce factors  that ensure success ful  colonization of ti s sue in spi te of loca l  immune defense
mechanisms. Neisseria organisms  are gram-negative and have endotoxin but not l ipoteichoic acid res idues . These are part of gram-pos i tive cel l
wal l s . Since even nonpathogenic neisseria  are foreign to the immune system, any antibody response would be speci fic to the bacteria l  s tra in.

216. The answer is d. (Brooks, pp 273-275. Levinson, pp 145-146. Murray, pp 325-328. Ryan, pp 379-380.) Unti l  recently, both erythromycin and ciprofloxacin
were the drugs  of choice for C. jejuni enterocol i ti s . Recently, res is tance to the quinolones  (ciprofloxacin) has  been observed. Ampici l l in i s
ineffective aga inst this  gram-negative, curved rod. Whi le Pepto-Bismol  may be adequate for a  related ulcer-caus ing bacterium, Helicobacter, i t i s
not used for C. jejuni. Whi le the pathogenes is  of C. jejuni suggests  an enterotoxin, an anti toxin i s  not ava i lable.

217. The answer is b. (Brooks, pp 280-282. Levinson, pp 152-153. Murray, pp 344-348. Ryan, pp 397-401. Toy, p 96.) Haemophilus influenzae i s  a  gram-negative
baci l lus . In young chi ldren, i t can cause pneumoniti s , s inus i ti s , oti ti s , and meningi ti s . Occas ional ly, i t produces  a  fulminative laryngotrachei ti s
with such severe swel l ing of the epiglotti s  that tracheostomy becomes  necessary. Cl inica l  infections  with this  organism after the age of 3 years
are less  frequent, especia l ly s ince approval  of the type b vaccine. Haemophilus haemolyticus i s  a  hemolytic variant of H. influenzae which that only
occas ional ly causes  disease. Klebsiella pneumoniae i s  present in about 5% of individuals  and causes  about 1% of pneumonias . Treponema
pneumoniae i s  a  prominent cause of pneumonia  in persons  5 to 20 years  old. Neisseria meningitidis can be part of the ora l  flora  but i s  s igni ficant in
disease when i t enters  the bloodstream and CNS.

218. The answer is a. (Brooks, pp 240-243. Levinson, pp 27, 140, 537. Murray, pp 243-246. Ryan, pp 294-295. Toy, p 70.) Enterococci  cause a  wide variety of
infections  ranging from less  serious—for example, UTIs—to very serious , such as  septicemia. A gram-pos i tive coccus  res is tant to penici l l in must
be assumed to be enterococcus  unti l  other, more defini tive biochemica l  testing places  the i solate in one of the more esoteric groups  of gram-
pos i tive cocci . Group A s treptococci  can cause a  wide variety of diseases , including RF. Certa in antigens  of the Group A s treptococci  cross  react with
human heart antigens , caus ing damage to heart muscles  and va lves . GBS are part of the normal  vagina l  flora , are β-hemolytic, and test pos i tive to
the cAMP test. Gram-negative Neisseria species  are seldom involved in heart disease, even as  opportunis ts . Streptococcus pneumoniae can cause
upper respi ratory disease, bacteremia, and meningi ti s .

219. The answer is d. (Brooks, p 243. Levinson, pp 111, 489-490. Murray, pp 243-246. Ryan, pp 294-295.) Enterococcus faecalis causes  85% to 90% of
enterococca l  infections , whi le E. faecium causes  5% to 10%. The enterococci  are among the most frequent causes  of nosocomia l  infections ,
especia l ly in intens ive care uni ts . Streptococcus bovis i s  a  nonenterococca l  Group D s treptococcus . Streptococcus pyogenes i s  a  Group A s treptococcus ,
respons ible for 95% of s treptococci  infections . Streptococcus pneumoniae are sens i tive to many antimicrobia ls . Once i solated, there are a  variety of
tests  to speciate enterococci . However, penici l l in-res is tant, non-β-lactamase-producing, vancomycin-res is tant, gram-pos i tive cocci  are most l ikely
E. faecium or E. faecalis.

220. The answer is e. (Brooks, pp 240-243. Levinson, pp 77, 112. Murray, pp 243-246. Ryan, pp 294-295.) There are a  variety of mechanisms  for vancomycin
res is tance in E. faecium, and they have been termed Van A, B, or C. These i solates  have become one of the most feared nosocomia l  pathogens  in
the hospi ta l  envi ronment. Unfortunately, no approved antibiotics  can success ful ly treat vancomycin-res is tant enterococci  (VRE)—only some
experimenta l  antibiotics  such as  Synercid. Enterococci  are highly res is tant to cephalosporins , β-lactamase-res is tant penici l l ins , and monolactams.
They have low-level  res is tance to aminoglycos ides  and intermediate res is tance to fluoroquinolones . They are inhibi ted by β-lactams (ampici l l in)
but not ki l led by them.

221. The answer is c. (Brooks, pp 224-229. Levinson, pp 107-109, 484. Murray, pp 211-220. Ryan, p 824.) Staphylococcus aureus i s  impl icated in the majori ty of
cases  of acute osteomyel i ti s , which affects  chi ldren most often. A superficia l  s taphylococca l  les ion frequently precedes  the development of bone
infection. In the preantibiotic era , Streptococcus pneumoniae was  a  common cause of acute osteomyel i ti s . M. tuberculosis and gram-negative
organisms  are impl icated less  frequently in this  infection.

222. The answer is d. (Brooks, pp 213-216. Levinson, pp 130-131, 481. Murray, pp 261-265. Ryan, p 170. Toy, p 64.) Al l  toxigenic s tra ins  of C. diphtheriae are
lysogenic for β-phage carrying the Tox gene, which codes  for the toxin molecule. The express ion of this  gene i s  control led by the metabol i sm of the
host bacteria . The greatest amount of toxin i s  produced by bacteria  grown on media  conta ining very low amounts  of i ron. Fragment B of the toxin i s
required for cel l  entry, whi le Fragment A s tops  protein production by inhibi ting elongation factor 2 (EF-2). Corynebacterium diphtheriae does  not
possess  a  capsule, which i s  normal ly used to impede phagocytos is  by WBCs . Glucose and/or sucrose fermentation i s  not a  vi rulence factor.
Endotoxin comes  from gram-negative bacteria  whi le corynebacteria  are gram pos i tive.



(Reproduced, with permission, from Brooks GF, et al. Jawetz’s  Medica l  Microbiology. 24th ed. New York: McGraw-Hill; 2007: 225.)

223 to 225. The answers are 223-e, 224-e, and 225-b. (Brooks, pp 226-228. Levinson, pp 40-44, 107-108. Murray, pp 211-220. Ryan, pp 264-266. Toy, p 156.) TSS i s
a  febri le i l lness  seen predominantly, but not exclus ively, in menstruating women. Cl inica l  cri teria  for TSS include fever greater than 102°F (38.9°C),
rash, hypotens ion, and abnormal i ties  of the mucous  membranes  and the GI, hepatic, muscular, cardiovascular systems, or CNS. Usual ly three or
more systems are involved. Treatment i s  supportive, including the aggress ive use of antis taphylococca l  antibiotics . Certa in types  of tampons  may
play a  role in TSS by trapping O2 and depleting magnes ium. Most people have protective antibodies  to the toxic shock syndrome toxin (TSST-1).
Chicken pox (VZV) or varicel la  presents  with a  typica l  ves icular rash. Gui l la in–Barré syndrome is  a  demyel inating condition of the periphera l
nerves . Sca lded skin syndrome is  caused by S. aureus exfol iative toxin that produces  epidermal  skin layer s loughing. Food poisoning i s  caused by S.
aureus enterotoxins , which are produced in contaminated food and symptoms appear after ingestion.

TSS i s  caused by a  toxin-producing s tra in of S. aureus (TSST-1). In this  case, no actua l  organisms  would l ikely be i solated s ince TSS i s  caused by
an excreted toxin, not the actua l  organism. Blood cul ture would a lso most l ikely be negative. Whi le there have been reports  that S. epidermidis
produces  TSS, they have largely been discounted. Vagina l  colonization with S. aureus i s  a  necessary adjunct to the disease. Staphylococcus aureus i s
i solated from the vagina l  secretions , conjunctiva , nose, throat, cervix, and feces  in 45% to 98% of cases . The organism has  infrequently been
isolated from the blood. Clostridium difficile and C. perfringens produce pseudomembranous  col i ti s  and gas  gangrene, respectively. Gardnerella
vaginalis can be found in the normal  vagina l  flora  and in vaginos is , where inflammatory cel l s  are not present. “Clue cel l s” are vagina l  epi thel ia l
cel l s  covered with many gram-variable bacteria , including G. vaginalis.

Epidemiologic investigations  suggest s trongly that TSS i s  related to use of tampons , in particular, use of the highly absorbent ones  that can be
left in for extended periods  of time. An increased growth of intravagina l  S. aureus and enhanced production of TSST-1 have been associated with
the prolonged intravagina l  use of these hyperabsorbent tampons  and with the capaci ty of the materia ls  used in them to bind magnes ium. The
most severe cases  of TSS have been seen in association with gram-negative infection. TSST-1 may enhance endotoxin activi ty. Recently, group A
streptococci  have been reported to cause TSS. Purchased fast-food ingestion, heavy menstrua l  flow, rubel la  exposure, and travel  to Vermont would
have no relevance to this  cl inica l  s i tuation.

226 and 227. The answers are 226-c and 227-d. (http://en.wikipedia.org/wiki/Bayesian_statistics.) Bayes ian s tati s tics  are often used to determine
sens i tivi ty, speci fici ty, and predictive va lues  of new diagnostic tests . A square i s  set up and the experimenta l  numbers  inserted: a  = true pos i tive,
b = fa lse pos i tive, c = fa lse negative, and d = true negative. The formulas  for sens i tivi ty, speci fici ty, and predictive va lues  are a lso given (see the
below table.)

It i s  necessary to note that the incidence of the disease in the population affects  predictive va lues  but not sens i tivi ty or speci fici ty. At a  given
level  of sens i tivi ty and speci fici ty, as  the incidence of the disease in the population increases , the predictive va lue of a  pos i tive (PVP) increases ,

http://en.wikipedia.org/wiki/Bayesian_statistics


and the predictive va lue of a  negative (PVN) decreases . For this  reason, predictive va lues  are di ffi cul t to interpret unless  true disease incidence i s
known.

228. The answer is d. (Brooks, pp 263-265. Levinson, pp 149-150. Murray, pp 333-337. Ryan, pp 387-388.) Pseudomonads  occur widely in soi l , water, plants ,
and animals . They are gram-negative, moti le, aerobic rods  that produce water-soluble pigments  (blue and green). They are very opportunis tic
when abnormal  host defenses  are encountered. Whi le moti le, they do not “swarm” over the surface of an agar plate, as  Proteus does . Being gram-
negative, as  many enteric and envi ronmenta l  organisms  are, thei r cel l  wal l s  conta in endotoxin (LPS). Many of the pseudomonads  are res is tant to a
wide range of antimicrobia ls , enhancing thei r opportunis tic characteris tics .

229. The answer is c. (Brooks, pp 203-211. Levinson, pp 127-129. Murray, pp 377-389, 247-251. Ryan, pp 308, 314-317.) Clostridium and Bacillus organisms  exis t
widely in nature. Whi le many Clostridium are pathogenic due to exotoxin production (C. tetani, C. botulism), and anthrax has  multiple vi rulence
factors  (capsule, LF, EF, and PA), C. perfringens and B. cereus are found routinely in gastroenteri ti s  outbreaks . Since both are spore formers , the usual
epidemiologica l  investigation finds  that heating foods  ki l l s  vegetative bacteria  but not spores . If food i s  inappropriately s tored (>40-140°F),
spores  may germinate into vegetative bacteria  and be ingested, caus ing the disease. Most episodes  are sel f-l imited. Both produce enterotoxins
that account for s imi lar disease presentations .

230. The answer is e. (Brooks, pp 224-229. Levinson, pp 48, 107-109. Murray, pp 211-220. Ryan, pp 269-270.) The incidence of oxaci l l in and MRSA has  been
rapidly increas ing. MRSA and methici l l in-sens i tive S. aureus (MSSA) coexis t in heterologous  populations . Treatment of a  patient harboring this
heterologous  population may provide a  selective envi ronment for the MRSA. Prior to changing therapy, the susceptibi l i ty of the i solate should be
determined. Vancomycin has  often been used effectively for MRSA, but i t i s  expens ive and nephrotoxic. There i s  no evidence that MRSA is  any more
vi rulent or invas ive than susceptible s tra ins . See the table below for a  l i s ting of medica l ly important s taphylococci .



231. The answer is c. (Brooks, pp 253-255. Levinson, pp 136-140, 492. Murray, pp 303-307. Ryan, pp 355-357. Toy, p 76.) Food poisoning with E. coli 0157/H7
causes  hemorrhagic col i ti s ; i t i s  often seen in people who have eaten beef hamburgers . The same organism a lso causes  a  hemorrhagic uremic
syndrome. The toxin, ca l led Shiga-like toxin, can be demonstrated in Vero cel l s , but the cytotoxici ty must be neutra l i zed with speci fic antiserum.
With the exception of sorbi tol  fermentation, there i s  nothing biochemica l ly dis tinctive about these organisms.

232. The answer is b. (Brooks, pp 253-255. Levinson, pp 136-140, 492. Murray, pp 303-307. Ryan, pp 355-357.) ETEC i s  an important cause of traveler’s
diarrhea, producing a  heat-labi le exotoxin (LT) and a  heat-s table enterotoxin (ST). To cause diarrhea, E. coli must produce not only LT and ST toxins
but a lso adhere to the l ining of the smal l  intestine. Fimbria l  antigens  are involved in adherence. O657/H7 s ta in i s  ca l led EHEC, whi le EPEC i s  a lso
an important cause of diarrhea in infants . EIEC produces  a  shigel los is -type disease.

233. The answer is d. (Brooks, pp 291-292. Levinson, pp 159-160. Murray, pp 311-313. Ryan, pp 484-488.) Bubonic plague and pneumonic plague di ffer
cl inica l ly. Bubonic plague, characterized by swol len lymph nodes  and fever, i s  usual ly transmitted through a  flea  bi te. Pneumonic plague, which i s
characterized by seps is  and pneumonia , i s  transmitted by the droplet route, usual ly a fter contact with an infected human or animal . Age of the
patient, geographic location and/or heal th of the animal  vector, and season of the year would a l l  be ins igni ficant in cons idering epidemiologica l
di fferences  between the cl inica l  presentations  of the two plagues .

234. The answer is a. (Brooks, pp 315, 316. Levinson, pp 32, 186-187. Murray, p 372. Ryan, p 479.) Whi le the essentia l  information (ie, the evidence that the
chi ld in question was  scratched by a  cat) i s  miss ing, the cl inica l  presentation points  to a  number of diseases , including cat scratch disease (CSD).
Unti l  recently, the etiologic agent of CSD was  unknown. Evidence indicated that i t was  a  pleomorphic, rod-shaped bacterium that had been named
Afipia. It was  best demonstrated in the affected lymph node by a  s i lver impregnation s ta in. However, i t now appears  that Afipia causes  relatively
few cases  of CSD and that the smal l , pleomorphic, gram-negative rods  present mainly in the wal l s  of capi l laries  primari ly respons ible are
Rochalimaea henselae, which has  recently been renamed B. henselae. Brucella, Mycobacterium, and Yersinia species  have not been shown to have any
association with CSD.

235. The answer is c. (Brooks, pp 233-239. Levinson, pp 110-115. Murray, pp 225-233. Ryan, p 273.) There has  been a  marked increase in fata l  s treptococca l
infections , including those that are described as  “necrotizing fasci i ti s .” The s tra ins  of group A s treptococci  i solated have a  pyrogenic exotoxin with
properties  not unl ike those of the toxic shock toxin of S. aureus. Morta l i ty i s  high (30%) in spi te of aggress ive antibiotic therapy.

236. The answer is b. (Brooks, pp 275-276. Levinson, pp 146-147, 496. Murray, pp 328-332. Ryan, pp 383-384.) Helicobacter pylori antigen tests  from a  s tool
sample us ing an ELISA format and a  monoclonal  antibody to H. pylori are as  sens i tive as  cul ture of the control  portion of the s tomach. Urea  breath



tests  are a lso widely used. Helicobacter pylori has  an active enzyme (urease) that breaks  down radioactive urea. The patient releases  radioactive
CO2 i f H. pylori are present. Helicobacter pylori antibody tests , IgG and IgA, indicate the presence of H. pylori and usual ly decl ine after effective
treatment. Cul ture of s tomach contents  i s  insens i tive and not appropriate as  a  diagnostic procedure for H. pylori. Di rect tests , such as  antigen or
cul ture of gastric mucosa, are preferred because they are the most sens i tive indication of a  cure.

237. The answer is e. (Brooks, pp 337-338, Levinson, pp 24, 176-177. Murray, pp 411-415. Ryan, pp 434-437. Toy, p 40.) At present, Lyme disease may be
diagnosed cl inica l ly and serologica l ly. Patients  who are from endemic areas  such as  eastern Pennsylvania  and report joint pa in and swel l ing
months  subsequent to exposure to ticks  must be eva luated for Lyme disease and treated i f the test i s  pos i tive. Patients  may a lso report a  variety
of neurologic problems such as  tingl ing of the extremities , Bel l  pa lsy, and headache. IgM antibody appears  soon after the tick bi te (10 days-3
weeks) and pers is ts  for 2 months ; IgG appears  later in the disease but remains  elevated for 1 to 2 years , especia l ly in untreated patients . A
s igni ficant IgG ti ter i s  at least 1:320. Most investigators  feel  that IgM ti ters  of 1:100 are s igni ficant; some investigators  say that any IgM ti ter i s
s igni ficant. Management of this  patient would best be done by immediately s tarting treatment with tetracycl ine, effective aga inst B. burgdorferi.

238. The answer is c. (Brooks, pp 320-327. Levinson, pp 161-168. Murray, pp 282-285, 289. Ryan, p 613.) There are some interesting characteris tics  of M.
avium from AIDS patients . According to data  from the National  Jewish Hospi ta l  and Research Center in Denver and the CDC, 75% of the i solates
were serovar 4, and 76% produced a  deep-yel low pigment. Yel low pigment i s  not a  characteris tic of most i solates  of M. avium. The s igni ficance of
these findings  i s  unknown. Most M. avium i solates  are res is tant to i soniazid and s treptomycin but susceptible to clofazimine and ansamycin. In
vi tro susceptibi l i ty testing, however, may not be rel iable for M. avium. A blood cul ture i s  often the most rel iable way to diagnose the disease.
Fina l ly, a l l  i solates  of M. avium are acid-fast, by defini tion.

239. The answer is b. (Brooks, pp 142, 170, 238. Levinson, pp 115, 470. Murray, pp 231, 233. Ryan, p 279.) Rheumatic fever (RF) i s  a  disease that causes
polyarthri ti s , cardi ti s , chorea, and erythema marginatum. The mechanism of damage appears  to be autoimmune; that i s , antibodies  are
synthes ized to a  closely related s treptococca l  antigen such as  M-protein, but these same antibodies  cross  react with certa in cardiac antigens  such
as  myos in. Unti l  recently, RF was  very rare in the United States . In 1986, there were at least 135 cases  of RF in Utah. Subsequently, scattered cases
of RF have occurred in other s tates . Epidemiologis ts  do not have a  reason for this  increase in RF. Some evidence suggests  that there may be a
genetic predispos i tion to the disease. Intramuscular injection of benzathine penici l l in i s  effective treatment for and prophylaxis  aga inst group A
streptococca l  infection. Whi le i t appears  that certa in s tra ins  of s treptococci  conta in cel l  membrane antigens  that are identica l  to human heart
ti ssue antigens , the s tra ins  can infect skin and cause pharyngi ti s . The fi rs t attack of RF (rheumatic fever) usual ly produces  only s l ight cardiac
damage. It i s  important to protect such patients  from recurrent S. pyogenes infections  by prophylactic penici l l in use to prevent increased damage
from multiple future bacteria l  attacks . Answer option (e) refers  to a  s taphylococca l  antigen as  s imi lar, but the correct comparison would be with
streptococca l  antigen and cardiac antigen.

240. The answer is d. (Brooks, pp 198, 240. Levinson, pp 27, 112. Murray, pp 73-78. Ryan, pp 293-294.) In the heal thy ora l  cavi ty, gram-pos i tive, α-hemolytic
s treptococci  make up the predominant flora . Any denta l  manipulation causes  bleeding, a l lowing the ora l  flora  to get into the blood (bacteremia).
Phagocytic activi ty by WBCs  usual ly clears  this  in a  few minutes . However, these same organisms  are qui te efficient at attaching to and colonizing
heart va lve defects . Streptococcus viridans i s  a  typica l  member of this  α-hemolytic group and i s  commonly found in SBE. Staphylococcus aureus and S.
epidermidis are present in the ora l  flora  in very smal l  numbers , as  i s  S. pneumoniae. If E. faecalis gets  into the bloodstream from the GI tract, i t could
potentia l ly a lso cause heart va lve problems. The α-hemolytic vi ridans  s treptococci  are reported as  being i solated from SBE most often.

241. The answer is e. (Brooks, pp 241-242. Levinson, pp 11, 66, 153. Murray, p 241. Ryan, p 291.) The quel lung test determines  the presence of bacteria l
capsules . Speci fic antibody i s  mixed with the bacteria l  suspens ion or with cl inica l  materia l . The polysaccharide capsule–antibody complex i s
vis ible microscopica l ly. The test i s  a l so termed capsular swelling. The capsules  of S. pneumoniae as  wel l  as  N. meningitidis, H. influenzae, and K.
pneumoniae play a  role in the pathogenici ty of the organisms. These surface s tructures  inhibi t phagocytos is , perhaps  by preventing attachment of
the leukocyte pseudopod. Corynebacterium diphtheriae, Enterobacter, and H. parainfluenzae are nonencapsulated.

242. The answer is b. (Brooks, pp 218, 280. Levinson, pp 112, 114, 136, 139. Murray, pp 255-258. Ryan, pp 302-305. Toy, p 102.) No vaccine i s  ava i lable for
Listeria. Except during a  meningococca l  epidemic, H. influenzae i s  the most common cause of bacteria l  meningi ti s  in chi ldren. The organism is
occas ional ly found to be associated with respiratory tract infections  or oti ti s  media . Haemophilus influenzae, N. meningitidis, S. pneumoniae, and
Listeria account for 80% to 90% of a l l  cases  of bacteria l  meningi ti s . A puri fied polysaccharide vaccine conjugated to protein for H. influenzae type B i s
ava i lable. A tetrava lent vaccine i s  ava i lable for N. meningitidis and a  23-serotype vaccine for S. pneumoniae.

243. The answer is e. (Brooks, p 149. Levinson, pp 30-37. Murray, pp 73-76.) Organisms  may be transmitted in a  number of ways , such as  by a i r, food,
hands , sexual  contact, and infected needles . However, for each disease or disease category, there i s  usual ly a  porta l  of entry not a lways  unique to
the organism. The skin i s  a  tough integument and, in fact, i s  res is tant to most infectious  organisms  except those that may breakdown human skin.
Breaches  of the skin as  by wounds , burns , and the l ike predispose patients  to a  variety of infections  such as  tetanus  caused by wound
contamination with spores  of C. tetani, or di rect infection by Staphylococcus, Streptococcus, or gram-negative rods  (such as  Serratia or Pseudomonas).

244 to 246. The answers are 244-d, 245-a, and 246-b. (Brooks, pp 148-151. Levinson, pp 30-37. Murray, pp 73-76.) The respiratory tract i s  a  common porta l  of
entry to such a i rborne organisms  as  M. tuberculosis. This  i s  why respiratory precautions  must be taken when patients  are harboring viable M.
tuberculosis. The GI tract i s  usual ly infected from ingestion of contaminated food or water (Shigella, Salmonella, and Campylobacter) or by an a l teration
of the normal  microbia l  flora  such as  with C. difficile di sease. The geni ta l  tract may become infected ei ther by sexual  contact or by a l teration of the
genita l  envi ronment, as  often occurs  with yeast infections . Severa l  bacteria  such as  N. gonorrhoeae, Chlamydia, and T. pallidum are transmitted by
direct sexual  contact with infected partners .

247. The answer is d. (Brooks, pp 268, 296, 303-304. Levinson, pp 190, 504. Murray, pp 334, 338-340. Ryan, pp 390-391.) Whi le admittedly rare in human
medicine, the bacteria  referred to should be appreciated for thei r role in human disease. Branhamella i s  a  gram-negative diplococcus . It has
recently been renamed Moraxella catarrhalis. Whi le i t i s  a  member of the normal  flora , i t may cause severe upper and lower respiratory tract
infection, particularly in the immunosuppressed patient. Most i solates  produce β-lactamase and are res is tant to penici l l in. M. catarrhalis i s  not a
gram-negative rod that causes  endocardi ti s , nor a  gram-negative, fus i formed (pointed ends) rod associated with periodonta l  disease or seps is . It
i s  not the cause of rat-bi te fever or the causative agent of trench fever.

248. The answer is b. (Brooks, pp 220, 267. Levinson, p 187. Murray, pp 372, 374. Ryan, pp 390-391.) Capnocytophaga grows  best in a  carbon dioxide
atmosphere, as  the name impl ies . It i s  i solated frequently from patients  with periodonta l  disease but may a lso cause septicemia  in susceptible
patients . Rat-bi te fever i s  caused by Spirillum, and the agent of CSD i s  B. henselae.

249. The answer is b. (Brooks, pp 350-354. Levinson, pp 183, 503. Murray, pp 436-440. Ryan, pp 477-478.) Coxiella burnetii i s  a  ricketts ia l  organism that causes



upper respiratory infections  in humans . These can range from sub-cl inica l  infection to influenza-l ike disease and pneumonia . Transmiss ion to
humans  occurs  from inhalation of dust contaminated with ricketts iae from placenta, dried feces , urine, or mi lk, or from aerosols  in
s laughterhouses . Campylobacter burnetii can a lso be found in ticks , which can transmit the agent to sheep, goats , and cattle. No skin rash occurs  in
these infections . Treatment includes  tetracycl ine and chloramphenicol . Coxiella burnetii i s  not transmitted by flea  or tick vectors . Since Q fever
involves  the upper respi ratory tract, l i ver, or CNS, there i s  no transmiss ion by urethra l  discharge.

250 to 252. The answers are 250-a, 251-d, and 252-b. (Brooks, pp 243, 219-221. Levinson, pp 69-84. Murray, pp 199-208. Ryan, pp 294, 457-459, 870-871.) These
questions  demonstrate commonly occurring cl inica l  infectious  diseases  and microbiologic problems. Enterococci  may be res is tant to ampici l l in
and gentamicin. Vancomycin would be the drug of choice. However, laboratory resul ts  do not a lways  correlate wel l  wi th cl inica l  response. The
National  Committee on Cl inica l  Laboratory Standards  recommends  testing enterococci  only for ampici l l in and vancomycin. Some symptomatic
patients  may have 10 leukocytes  per mi l l i l i ter of urine but relatively few bacteria . The patient i s  l ikely infected and the organisms, particularly i f
in pure cul ture, should be further processed.

The patient in Question 252 probably has  actinomycos is . These laboratory data  are not uncommon. There i s  no reason to work up a l l  the
contaminating bacteria . A fluorescent microscopy test for A. israelii i s  ava i lable. If pos i tive, the FA provides  a  rapid diagnos is . In any event, i t may
be imposs ible to recover A. israelii from such a  specimen. High-dose penici l l in has  been used to treat actinomycos is . One of the options  suggests
no further cl inica l  work-up on the patients  be done. Clearly, laboratory resul ts  may help the cl inician make patient management decis ions  but
each of these three cases  show that phys icians  need to have a  good understanding that laboratory tests  may give confl i cting information for the
patient being treated. The phys ician must help the laboratory to understand how to use the data  produced to give the patient the best poss ible
medica l  care. Antibiotic sens i tivi ty tests  today are mostly automated and rel iable. If a  repeat i s  needed, a  new blood sample should be drawn for
the new test.

253 to 257. The answers are 253-c, 254-d, 255-b, 256-d, and 257-e. (Brooks, pp 170-172. Levinson, pp 69-84. Murray, pp 199-208. Ryan, p 195. Toy, p 40.) There
are few bacteria  for which antimicrobia l  susceptibi l i ty i s  highly predictable. However, some agents  are the drug of choice because of thei r relative
effectiveness . Among the three antibiotics  that have been shown to treat legionel los is  effectively (erythromycin, ri fampin, and minocycl ine),
erythromycin i s  clearly superior, even though in vi tro s tudies  show the organism to be susceptible to other antibiotics .

Penici l l in remains  the drug of choice for S. pneumoniae and the group A s treptococci , a l though a  few isolates  of penici l l in-res is tant pneumococci
have been observed. Res is tance among the pneumococci  i s  ei ther chromosomal ly mediated, in which case the minimal  inhibi tory concentrations
(MICs) are relatively low, or plasmid-mediated, which resul ts  in highly res is tant bacteria . The same is  genera l ly true for H. influenzae. Unti l  the
mid-1970s , vi rtua l ly a l l  i solates  of H. influenzae were susceptible to ampici l l in. There has  been a  rapidly increas ing incidence of ampici l l in-
res is tant i solates—almost 35% to 40% in some areas  of the United States . Res is tance i s  ordinari ly mediated by β-lactamase, a l though ampici l l in-
res is tant, β-lactamase-negative i solates  have been seen. No res is tance to penici l l in has  been seen in group A s treptococci .

Lyme disease, caused by B. burgdorferi, has  been treated with penici l l in, erythromycin, and tetracycl ine. Treatment fa i lures  have been observed.
Ceftriaxone has  become the drug of choice, particularly in the advanced s tages  of Lyme disease.

The most common infection due to β-hemolytic S. pyogenes (GAS) i s  s trep sore throat or pharyngi ti s . From here, the infection i s  able to spread to
a l l  parts  of the body. Signi ficant symptoms, as  described, are often experienced, with only 20% of infections  being asymptomatic. The organisms
grow fa i rly wel l  in the laboratory and eas i ly identi fied. Al l  S. pyogenes s tra ins  are susceptible to penici l l in G, and most are susceptible to
erythromycin. Antimicrobia l  drugs  have no effect on establ i shed glomerulonephri ti s  and RF. In acute infections , efforts  must be made to eradicate
streptococci  from the patient quickly to el iminate the antigenic s timulus .

Campylobacter difficile causes  toxin-mediated pseudomembranous  enterocol i ti s  as  wel l  as  antibiotic-associated diarrhea. Pseudomembranous
enterocol i ti s  i s  normal ly seen during or after adminis tration of antibiotics . One of the few agents  effective aga inst C. difficile i s  vancomycin.
Al ternatively, baci tracin can be used.

258 to 261. The answers are 258-a, 259-d, 260-b, and 261-c. (Brooks, pp 270-276. Levinson, pp 133-146. Murray, pp 325-328. Ryan, pp 373-378. Toy, p 172.) Some
organisms  origina l ly thought to be vibrios , such as  C. jejuni, have been reclass i fied. Campylobacter jejuni, which grows  best at 107.6°F (42°C), has  i ts
reservoir in bi rds  and mammals  and causes  gastroenteri ti s  in humans .

Vibrio cholerae causes  cholera , which i s  worldwide in dis tribution. Vibrios  are the most common bacteria  in surface waters  worldwide. They are
curved rods  with a  polar flagel lum. Vibrio cholerae subgroups  O1 and O139 (older serotype des ignations : Ogawa [AB], Inaba [AC], Jolpka  [ABC]) cause
cholera  in humans . A person with normal  gastric acidi ty may have to ingest 1010 or more V. cholerae to become infected when the vehicle i s  water
because the organisms  are susceptible to acid. When ingested with food, as  few as  102 to 104 may be able to produce disease. The organisms  do
not reach the bloodstream but remain in the intestina l  tract.

Vibrio parahaemolyticus i s  a  ha lophi l i c marine vibrio that causes  gastroenteri ti s  in humans , primari ly from ingestion of cooked seafood. It i s
lactose-negative and sucrose-negative.

Vibrio vulnificus i s  a l so ha lophi l i c. It has  been suggested that these ha lophi l i c vibrios  do not belong to the genus  Vibrio but in the genus
Beneckea. Vibrio vulnificus i s  lactose-pos i tive and produces  heat-labi le, extracel lular toxin. Organisms  that, unl ike V. cholerae, do not agglutinate in 0
to 1 antiserum were once ca l led nonagglutinable (NAG), or noncholera  (NC), vibrios . Such a  class i fi cation can be confus ing because V. vulnificus,
which i s  an NCV, nevertheless  causes  severe cholera-l ike disease. In addition, V. vulnificus can produce wound infections , septicemia, meningi ti s ,
pneumonia , and kerati ti s .

262 to 265. The answers are 262-b, 263-d, 264-a, and 265-e. (Brooks, pp 280-287. Levinson, pp 152-156. Murray, pp 311-313, 358-363. Ryan, pp 401-402, 481-488.)
Al l  the organisms  described in the questions  are short, ovoid, gram-negative rods . For the most part, they are nutri tional ly fas tidious  and require
blood or blood products  for growth. These and related organisms  are unique among bacteria  in that, though they have an animal  reservoir, they
can be transmitted to humans . Humans  become infected by a  variety of routes , including ingestion of contaminated animal  products  (B. abortus in
cattle), di rect contact with contaminated animal  materia l  or with infected animals  themselves  (Y. enterocolitica and B. bronchiseptica in dogs), and
animal  bi tes  (P. multocida in many di fferent animals ). The laboratory di fferentiation of these microbes  may be di ffi cul t and must rely on a  number
of parameters , including biochemica l  and serologic reactions , development of speci fic antibody response in affected persons , and epidemiologic
evidence of infection.

Yersinia enterocolitica are moti le at 77°C (25°C) and nonmoti le at 98.6°F (37°C). They are found in the intestina l  tract of animals  and cause a  variety
of cl inica l  syndromes  in humans . Transmiss ion to humans  probably occurs  via  animal  feca l  contamination of food, drink, or fomites .

The brucel lae are obl igate paras i tes  of animals  and humans  and are located intracel lularly. Brucella abortus i s  typica l ly found in cattle.
Brucel los is  (undulant fever) has  an acute bacteremic phase fol lowed by a  chronic s tage that may las t years  and involve many ti ssues . Brucella
abortus requires  CO2 for growth and i s  most often i solated from blood and bone marrow. Species  di fferentiation i s  due to dye (thionine)
sens i tivi ty.

Bordetella bronchiseptica causes  diseases  in animals  (kennel  cough in dogs) and occas ional ly respi ratory disease and bacteremia  in humans .



Bordetella requires  enriched medium (Bordet-Gengou) and i s  s trongly urease-pos i tive.
Pasteurella multocida occurs  worldwide in the respiratory and GI tracts  of many domestic and wi ld animals . It i s  the most common organism in

human wounds  infl i cted by cat and dog bi tes . It i s  one of the common causes  of hemorrhagic septicemia  in rabbits , rats , horses , sheep, fowl , cats ,
and swine. It can affect many systems in humans , as  wel l  as  bi te wounds .

266 to 268. The answers are 266-d, 267-e, and 268-b. (Brooks, pp 63-71. Levinson, pp 62-68. Murray, pp 189-198. Ryan, pp 339, 373, 449. Toy, p 122.) The
medium of choice for the i solation of pathogenic Neisseriae i s  TMTM agar. TM agar i s  both a  selective and an enriched medium; i t conta ins
hemoglobin, the supplement Isovi ta lex, and the antibiotics  vancomycin, col i s tin, nystatin, and trimethoprim. Vibrio cholerae as  wel l  as  other
vibrios , including V. parahaemolyticus and V. alginolyticus, are i solated best on thiosul fate ci trate bi le sa l ts  sucrose medium, a l though media  such
as  mannitol  sa l t agar a lso support the growth of vibrios . Maximal  growth occurs  at a  pH of 8.5 to 9.5 and at 98.6°F (37°C) incubation. Löwenstein–
Jensen s lants  or plates , which are composed of a  nutrient base and egg yolk, are used routinely for the ini tia l  i solation of mycobacteria . Smal l
inocula  of M. tuberculosis can a lso be grown in oleic acid a lbumin media; large inocula  can be cul tured on s imple synthetic media .

Loeffler medium is  an enriched nonselective medium used for the cul tivation of corynebacteria , especia l ly C. diphtheriae. Horse serum and egg
coagulate during s teri l i zation and provide nutrients . This  medium enhances  the production of metachromatic granules  (observed with methylene
blue s ta in). Columbia  agar with 5% sheep blood i s  a  genera l -purpose medium for i solation of a  variety of organisms, including fastidious
organisms. Along with nutri tion, blood agar a l lows  the observation of a lpha (incomplete) and beta  (complete lys i s ) hemolys is  caused by bacteria .

269. The answer is b. (Brooks, pp 206-207. Levinson, pp 127-128. Murray, pp 383-386. Ryan, pp 320-322.) Botul i sm is  a  disease brought about by ingesting a
preformed toxin. Anaerobic bacteria  have grown in food, depos i ted the botul i sm toxin, and died. The toxin affects  the CNS by inhibi ting the
release of acetylchol ine at the neuronal  synapse. This  resul ts  in a  flaccid para lys is  and death by respiratory fa i lure. At no s tage of the disease
wi l l  any antibiotic be able to modi fy or arrest the disease. Anti toxins  (A, B, and E) must be promptly adminis tered, and venti lation ass is ted
mechanica l ly. In a l l  other choices , antibiotics  wi l l  provide a  mechanism to ki l l  or inhibi t the microorganisms, bringing the infection under control .

270. The answer is d. (Brooks, pp 339-340. Levinson, pp 67, 174-177, 541. Murray, pp 416-418. Ryan, pp 430-431.) Leptospiros is  i s  a  zoonos is  of worldwide
dis tribution. Human infection resul ts  from ingestion of water or food contaminated with leptospirae. Rats , mice, wi ld rodents , dogs , swine, and
cattle excrete the organisms  in urine and feces  during active i l lness  and during an asymptomatic carrier s tate. Drinking, swimming, bathing, or
food consumption may lead to human infection. Chi ldren acquire the disease from dogs  more often than do adults . Treatment can include
doxycycl ine, ampici l l in, or amoxici l l in. Symptoms in humans  range from fever and rash to jaundice through aseptic meningi ti s .

Leptospirae are tightly coi led, thin, flexible spi rochetes  5 to 15μm long, with one end bent into a  hook. It s ta ins  best where s i lver can be
impregnated into the organism. The gram sta in would not be useful . The organisms  derive energy from oxidation of fatty acids , so EMB or TM agar
would be inadequate. Agglutination testing and CIE i s  compl icated by the fact that a l l  Leptospirae s tra ins  exhibi t cross -reactivi ty in serologic tests .

271 to 274. The answers are 271-e, 272-a, 273-b, and 274-d. (Brooks, pp 196-201. Levinson, pp 25-30. Murray, pp 73-78. Ryan, p 143.) An understanding of
normal , or indigenous , microflora  i s  essentia l  in order to appreciate the abnormal . Usual ly, anatomic s i tes  contiguous  to mucous  membranes  are
not s teri le and have characteris tic normal  flora .

The skin flora  di ffers  as  a  function of location. Skin adjacent to mucous  membranes  may share some of the normal  flora  of the GI system.
Overa l l , the predominant bacteria  on the skin surface are S. epidermidis and Propionibacterium, an anaerobic diphtheroid.

The mouth i s  part of the GI tract, but i ts  indigenous  flora  shows  some dis tinct di fferences . Whi le anaerobes  are present in large numbers ,
particularly in the gingiva l  crevice, the eruption of teeth at 6 to 9 months  of age leads  to colonization by organisms  such as  S. mutans and
Streptococcus sanguis, both α-hemolytic s treptococci . An edentulous  person loses  β-hemolytic s treptococci  as  normal  flora .

The GI tract i s  s teri le at bi rth and soon develops  characteris tic flora  as  a  function of diet. In the adult, anaerobes  such as  B. fragilis and
Bifidobacterium may outnumber col i forms  and enterococci  by a  ratio of 1000:1. The colon conta ins  1011 to 1012 bacteria  per gram of feces .

Soon after bi rth, the vagina  becomes  colonized by lactobaci l l i . As  the female matures , lactobaci l l i  may s ti l l  be predominant, but anaerobic
cocci , diphtheroids , and anaerobic, gram-negative rods  a lso are found as  part of the indigenous  flora . Changes  in the chemica l  or microbiologic
ecology of the vagina  can have marked effects  on normal  flora  and may promote infection such as  vagini ti s  or vaginos is .

Escherichia coli are among the most common group of gram-negative rods  i solated in the laboratory. It i s  fa i rly eas i ly identi fied in the laboratory.
It ferments  mannitol  and i s  lactose pos i tive. The organism is  part of normal  body flora , but i s  a  very efficient opportunis t. Urinary tract infections
are commonly caused with this  organism.

275 to 278. The answers are 275-c, 276-d, 277-a, and 278-e. (Brooks, pp 196-201. Levinson, pp 25-30. Murray, pp 73-78. Ryan, pp 274-275, 457-459.) Streptococcus
salivarius, S. mutans, A. israelii, and A. viscosis are a l l  part of the normal  microbiota  of the human mouth. Both genera  are common causes  of bacteria l
endocardi ti s . Streptococcus mutans i s  highly cariogenic (ie, capable of producing denta l  caries ), in large part because of i ts  unique abi l i ty to
synthes ize a  dextran bioadhes ive that s ticks  to teeth. S. salivarius settles  onto the mucosa l  epi thel ia l  surfaces  of the human mouth soon after bi rth
and i s  often found in the sa l iva . Streptococcus  pyogenes  (group A s treptococcus) i s  respons ible for about 95% of human infections  caused by
streptococci  and i s  the cause of RF. Members  of the genus  Actinomyces that are cl inica l ly s igni ficant and can be di fferentiated by speci fic FA
microscopy as  wel l  as  a  battery of phys iologic tests , such as  those assess ing requirements  for oxygen. Actinomyces organisms  are opportunis tic
members  of the normal  ora l  microbiota . Both A. israelii and A. viscosis are pathogenic and can cause osteomyel i ti s  in the cervicofacia l  region. Of the
two species , A. israelii, which i s  anaerobic, i s  the more common causative agent of actinomycos is . A viscosis, a  facul tative anaerobe, appears  to be
cariogenic. Group A s treptococci  (GAS) are β-hemolytic and produces  cel lul i ti s  as  a  typica l  les ion. Cel lul i ti s  i s  recognized as  a  di ffuse, rapidly
spreading les ion in the body ti ssues .

279 to 285. The answers are 279-b, 280-a, 281-e, 282-d, 283-c, 284-c, and 285-a. (Brooks, pp 213-216, 283-287, 253-255. Levinson, pp 130-131, 138, 153-155, 158-
159. Murray [2009], pp 261-265, 303-307, 351-361. Toy, p 122.) Diphtheria , a  disease caused by C diphtheriae, usual ly begins  as  pharyngi ti s  associated
with pseudomembrane formation and lymphadenopathy. Growing organisms  lysogenic for a  prophage produce a  potent exotoxin that i s  absorbed
in mucous  membranes  and causes  remote damage to the l iver, kidneys , and heart; the polypeptide toxin inhibi ts  protein synthes is  of the host
cel l . Al though C. diphtheriae may infect the skin, i t rarely invades  the bloodstream and never actively invades  deep ti ssue. Diphtheria  toxin (DT)
ki l l s  sens i tive cel l s  by blocking protein synthes is . DT i s  converted to an enzyme that inactivates  EF-2, which i s  respons ible for the trans location of
polypeptidyl -tRNA from the acceptor to the donor s i te on the eukaryotic ribosome. The reaction i s  as  fol lows:

NAD + EF-2 = ADP-ribosyl  – EF-2 + nicotinamide + H+

Bordetella pertussis and B. parapertussis are s imi lar and may be i solated together from a  cl inica l  specimen. However, B. parapertussis does  not
produce pertuss is  toxin. Pertuss is  toxin, l ike many bacteria l  toxins , has  two subunits : A and B. Subunit A i s  an active enzyme, and B promotes
binding of the toxin to host cel l s . Pertuss is  toxin has  ADP-ribosylating activi ty, with an A/B s tructure and mechanism of action s imi lar to that of



cholera  toxin (cAMP).
Francisella tularensis i s  a  short, gram-negative organism that i s  markedly pleomorphic; i t i s  nonmoti le and cannot form spores . It has  a  rigid

growth requirement for cysteine. Human tularemia  usual ly i s  acquired from direct contact with ti ssues  of infected rabbits  but a lso can be
transmitted by the bi tes  of fl ies  and ticks . Francisella tularensis causes  a  variety of cl inica l  syndromes, including ulceroglandular, oculoglandular,
pneumonic, and typhoida l  forms  of tularemia.

The pathogenes is  of infection with E. coli i s  a  complex interrelation of many events  and properties . Escherichia coli may serve as  a  model  for
other members  of the Enterobacteriaceae. Some stra ins  of E. coli are EIEC, some ETEC, some EHEC, and others  EPEC. At present, there i s  l i ttle cl inica l
s igni ficance in routinely discriminating the various  types , with the poss ible exceptions  of the ETEC and the E. coli 0157/H7 that are hemorrhagic.
Escherichia coli 0157/H7 secretes  a  toxin ca l led verotoxin. The toxin i s  very active in a  Vero cel l  l ine. More correctly, the toxin(s ) should be ca l led
Shiga-like.

Streptococca l  infection usual ly i s  accompanied by an elevated ti ter of antibody to some of the enzymes  produced by the organism. Among the
antigenic substances  elaborated by group A β-hemolytic s treptococci  are erythrogenic toxin, s treptodornase (s treptococca l  DNase), hya luronidase,
and s treptolys in O (a  hemolys in). Streptolys in S i s  a  nonantigenic hemolys in. Speci fica l ly, erythrogenic toxin causes  the characteris tic rash of
scarlet fever.

Many factors  play a  role in the pathogenes is  of N. meningitidis. A capsule conta ining N-acetylneuraminic acid i s  pecul iar to Neisseria and E. coli
K1. Fresh i solates  carry pi l i  on thei r surfaces , which function in adhes ion. Neisseria has  a  variety of membrane proteins , and their role in
pathogenes is  can only be speculated upon at this  time. The LPS of Neisseria, more correctly ca l led l ipool igosaccharide (LOS), i s  the endotoxic
component of the cel l .

There are no known toxins , hemolys ins , or cel l -wal l  consti tuents  known to play a  role in the pathogenes is  of disease by Brucella. Rather, the
abi l i ty of the organisms  to survive within the host phagocyte and to inhibi t neutrophi l  degranulation i s  a  major disease-caus ing factor. Brucel la
has  a  predi lection for ti s sues  and organs  rich in erythri tol  such as  the uterus  and placenta. Tropism to theses  ti ssues  resul ts  in abortion in cattle.

286 to 288. The answers are 286-a, 287-c, and 288-b. (Ryan, pp 851-855. Toy, pp 90, 96.) “Atypica l  pneumonia” i s  an old class i fi cation used for respi ratory
disease that i s  not lobar and i s  not “typica l .” That i s , i t does  not include pneumonia  caused by pneumococcus , Klebsiella, Haemophilus, or β-
hemolytic s treptococci  that resul ts  in a  typica l  lobular infi l trate. In recent years , the atypica l  pneumonias  have become much more frequent than
pneumococca l  pneumonia . They are characterized by a  s lower onset with headache, joint pa in, fever, and s igns  of an acute upper respi ratory
infection. There are usual ly no s igns  of acute respiratory dis tress , but patients  report mala ise and fatigue. The most common cause of atypica l
pneumonia  i s  M. pneumoniae. A quick test for M. pneumoniae infection i s  cold agglutinins . The test may lack both sens i tivi ty and speci fici ty, but i t i s
rapid and readi ly ava i lable compared with cul ture of M. pneumoniae or speci fic antibody formation.

In certa in age groups  (men over 55 years  old), Legionnaires  disease must be ruled out. Whi le di rect microscopy, cul ture, and serology are
avai lable, the detection of Legionella antigen in respi ratory secretions  i s  the most sens i tive test ava i lable.

Campylobacter pneumoniae may a lso cause respiratory infection particularly in, but not l imited to, chi ldren. Diagnos is  i s  best made by growing
these energy-defective bacteria  in ti s sue cul ture such as  HeLa  cel l s . Serology i s  usual ly not helpful .

During the winter months , Bordetella infection may be qui te preva lent, particularly in those patients  whose immunizations  are not updated.
Adult Bordetella infection may not present with typica l  whooping cough symptoms and must be di fferentiated from other forms  of acute bronchi ti s
by cul ture on speci fic media  or di rect fluorescent microscopy.

Direct microscopy of sputum is  an important prel iminary test for sputum and other exudate specimens . One needs  to be aware that the
information obta ined i s  l imited in interpretation. No speci fic identi ty of a  microorganism can be determined by gram sta ining and even mixtures
of bacteria  can be inferred. On the other hand, examination of gram sta ins  may provide enough information for the phys ician to make immediate
decis ions  on treatment and other management that may be modi fied by future laboratory resul ts . Fluorescent Ab detection of an organism in
sputum is  more speci fic than gram sta ining. Here speci fic known Abs  (s ingle or in a  mixture) are used to identi fy organisms  present.

289. The answer is c. (Murray: Medical Microbiology [2013], Ch 18, 20, 30, and 66.) External  oti ti s  or swimmer’s  ear i s  an inflammation of the outer ear
and the ear canal . In the vi rulent form of the disease—mal ignant external  oti ti s , which occurs  in people with diabetes , damage to the crania l
nerves  and bone may occur. External  oti ti s  i s  caused by ei ther bacteria l  or fungal  pathogens . Bacteria l  pathogens  include Pseudomonas aeruginosa,
Staphylococcus aureus, Staphylococcus epidermidis, and Enterococcus faecalis. Fungal  pathogens  include Candida albicans and Aspergillus spp. The majori ty
of bacteria l  external  oti ti s  i s  caused by P. aeruginosa. P. aeruginosa produces  pyocyanin, which i s  a  blue pigment that cata lyzes  the production of
superoxide and hydrogen peroxide. Pyocyanin a lso s timulates  the release of IL-8 (CXCL8 in humans). P. aeruginosa a l so produces  exotoxin A, which
ADP-ribosylates  EF-2 in the eukaryotic cel l  leading to the cessation of protein synthes is  and cel l  death. Nei ther pyocyanin nor exotoxin A i s
produced by the other pathogens  l i s ted (S. aureus, S. epidermidis, E. faecalis, and C. albicans).

290. The answer is a. (Murray: Medical Microbiology [2013], Ch 29; Ryan: Sherris Medical Microbiology [2010], Ch 32.) The vi rulence factors  produced by
Helicobacter pylori are urease, flagel la , mucinase, vacuolating toxin, and the Cag protein. Urease neutra l i zes  gastric acid by hydrolyzing urea
produced by gastric cel l s  to produce ammonia  and CO2. Urease a lso s timulates  the production of inflammatory cytokines . Mucinase degrades
gastric mucus  and reduces  mucus  viscos i ty to faci l i tate bacteria l  movement. H. pylori carry 4-7 polar flagel la  which provide the bacterium with
moti l i ty that i s  essentia l  to penetrate gastric mucus . H. pylori i s  sens i tive to the acidic lumen of the s tomach. Therefore, the highly moti le H. pylori
quickly penetrate the lumen and colonize the mucus  layer that covers  gastric mucosa  where the pH i s  s l ightly a lka l ine. The vacuolating cytotoxin,
which produces  large cytoplasmic vacuoles , causes  apoptos is  in epi thel ia l  cel l s . The CagA protein, which i s  injected into cel l s  via  the type II I
secretion system, triggers  reorganization of the actin skeleton within the intoxicated cel l s . It a l so s timulates  neutrophi l  migration to the gastric
mucosa. Whi le the speci fic mechanism of H. pylori carcinogenes is  i s  unknown, the CagA protein i s  the leading candidate for the oncogenic protein
involved.

291. The answer is a. (Murray: Medical Microbiology [2003], Ch 23, 29, 36.) Gui l la in–Barré syndrome is  an autoimmune disorder affecting the periphera l
nervous  system. The syndrome is  an uncommon compl ication of infection with Campylobacter jejuni (the leading infectious  cause in the United
States ). The ascending para lys is  i s  characterized by weakening that begins  in the feet and hands  and migrates  toward the trunk. The symptoms
occur within few days  and the recovery i s  s low. The l ikely cause of the disease i s  antigenic cross -reactivi ty between ol igosaccha-rides  of C. jejuni
and glycosphingol ipids  on the surface of neuronal  ti s sues . Antibodies  to certa in s tra ins  of C. jejuni (primari ly serotype O:19) may a lso damage the
myel in of the periphera l  nervous  system leading to muscle para lys is . Cytomegalovi rus  i s  the second most common infectious  agent associated
with GBS, but i t does  not cause the cl inica l  symptoms described for this  patient. Clostridium tetani produces  a  heat labi le neurotoxin
(tetanospasmin) which causes  ei ther loca l i zed or genera l i zed muscle spasms; diarrhea i s  not a  cl inica l  syndrome caused by C. tetani. Salmonella
and Shigella are associated with the autoimmune condition. Rei ter syndrome, a  form of reactive arthri ti s , characterized by conjunctivi ti s  plus
arthri ti s  and, when caused by Chlamydia trachomatis and other geni tourinary pathogens , urethri ti s . Campylobacter jejuni can a lso cause Rei ter
syndrome.



292. The answer is a. (Murray: Medical Microbiology [2013], Ch 27, 28, 29.) Campylobacter jejuni may be part of the normal  flora  of di fferent domesticated
animals  including poultry, sheep, and cattle. Surface waters  and soi l  where animal  graze may be contaminated with C. jejuni. Therefore, C. jejuni
outbreaks , which are zoonotics , may resul t from the ingestion of contaminated water that has  not been treated. The main symptoms of C. jejuni
infection are gastroenteri ti s , abdominal  pa in, fever, and mala ise. The symptoms often peak at 24 to 48 hours  after onset or may las t for 7 to 10
days . The disease i s  genera l ly sel f-l imited. Due to the susceptibi l i ty of Campylobacter to di fferent antibiotics  including macrol ides , erythromycin i s
the drug of choice to treat severe enteri ti s  caused by C. jejuni. Optimum growth of Campylobacter occurs  under reduced oxygen and increased carbon
dioxide (5%-10%). Infection with V. cholerae resul ts  in a  mass ive watery diarrhea that progresses  to severe dehydration and hypovolemic shock.
Infection with V. parahaemolyticus i s  associated with explos ive watery diarrhea, abdominal  pa in, and fever. The gastroenteri ti s  i s  sel f-l imited. V.
parahaemolyticus i s  usual ly found in an estuarine and marine envi ronment and i s  associated with ingestion of contaminated shel l fi sh.
Enteropathogenic and enteroinvas ive E. coli s tra ins  are major causes  of diarrhea in underdeveloped countries . Both cause watery diarrhea and
vomiting. E. coli grows  rapidly under aerobic conditions .

293. The answer is e. (Murray: Medical Microbiology [2013], Ch 18, 19, 28, 30.) Vibrio vulnificus i s  a  gram-negative rod that produces  a  number of vi rulence
factors  including capsule, cytolys in, col lagenase, and protease. The bacteria  may enter the body whi le one i s  swimming or wading in
contaminated seawater. It a l so enters  the body through open wounds . Ini tia l  features  of V. vulnificus–infected wounds  are swel l ing, erythema, and
pain. This  i s  usual ly fol lowed by the development of ves icles  or bul lae, eventual  ti s sue necros is , and septicemia. V. vulnificus, which may produce
large dis figuring ulcers , i s  commonly found in the Gul f of Mexico. In severely burned patients , Pseudomonas aeruginosa causes  wound infection
fol lowed by loca l i zed ti ssue necros is  and bacteremia. Immers ion in P. aeruginosa–contaminated hot tubs  or swimming pools  may resul t in
loca l i zed infection of ha i r fol l i cles  (fol l i cul i ti s ), but not usual ly the development of bul lae. Staphylococcus  aureus  may infect traumatic or surgica l
wounds . Infected areas  are characterized by erythema, edema, pa in, and the accumulation of purulent discharge. The infection i s  usual ly treated
by opening the wound and dra ining the purulent discharge. Streptococcus pyogenes (Group A Streptococcus) causes  various  suppurative infections
including pyoderma, a  loca l i zed skin infection characterized by ves icles  that progress  to pustules ; erys ipelas , a  loca l i zed skin infection
characterized by inflammation and lymphadenopathy; and necrotizing fasci i ti s , which involves  extens ive destruction of muscles  and fat. V.
parahaemolyticus causes  gastroenteri ti s  and wound infection. However, V. parahaemolyticus wounds  do not have the specia l  features  of V. vulnificus–
infected wounds .

294. The answer is e. (Murray: Medical Microbiology [2013], Ch 27, 30.) Pseudomonas aeruginosa i s  a  major cause of nosocomia l  pneumonia  in heal th-care
related settings . A major portion of the P. aeruginosa-associated nosocomia l  pneumonia  occurs  in immunocompromised patients  in intens ive care
units  who have undergone intubation (venti lator-associated pneumonia). Among the conditions  that predispose immunocompromised patients  to
P. aeruginosa infection i s  the uti l i zation of contaminated respiratory equipment during intubation. P. aeruginosa i s  a  gram-negative, oxidase-
pos i tive, obl igate aerobe that produces  numerous  extracel lular vi rulence factors  including exotoxins , proteases , and rhamnol ipid. Al l  of the
microbes  can cause pneumonia . However, none of the other microorganisms  l i s ted produce rhamnol ipids . Escherichia coli and Klebsiella pneumoniae
are members  of the Enterobacteriaceae, which are oxidase negative. Moraxella catarrhalis i s  a  gram-negative diplococcus  that i s  a l so oxidase
pos i tive, but i t does  not produce toxins  and i s  more fastidious  in i ts  growth than P. aeruginosa. Haemophilus influenzae i s  a  fas tidious , facul tative
anaerobe that requires  hemin and NAD for growth.

295. The answer is d. (Murray: Medical Microbiology [2013], Ch 27, 28, 29.) Vibrio cholerae causes  cholera , which i s  acquired by drinking water that has
been contaminated with human feces . V. cholerae can a lso be acquired by eating food that has  been washed with contaminated water. Cholera
outbreaks  usual ly occur in communities  with poor sani tary systems. Even in developed countries , a  breakdown in the sani tary systems by natura l
disasters  such as  floods  or hurricanes  may produce cholera  outbreak. Infection with V. cholerae may resul t in s imple colonization, mi ld
gastroenteri ti s , or a  severe often fata l  watery diarrhea. Cholera  i s  characterized by abrupt onset of watery diarrhea and vomiting. As  the disease
progresses , the s tool  becomes  colorless  and speckled with mucus  (rice s tool ). Continuous  fluid loss  resul ts  in severe dehydration, metabol ic
acidos is , and hypovolemic shock (loss  of potass ium). This  leads  to a  cardiac arrhythmia  and renal  fa i lure. To avoid the hypovolemic shock, cholera
patients  must be immediately treated with electrolytes  and fluid replacements . In untreated patients , the morta l i ty rate may reach 60% but i s
reduced to 1% with the immediate treatment with electrolytes  and fluid replacements . Salmonella enterica infection causes  gastroenteri ti s , nausea,
and vomiting. Salmonella enterica may a lso cause bacteremia. Shigella flexneri invades  the colonic mucosa. Therefore, shigel los is  i s  characterized by
abdominal  cramps, fever, and diarrhea with blood in s tool . Campylobacter jejuni infection resul ts  in diarrhea, fever, and abdominal  pa in. Most
infections  are sel f-l imited. Vibrio vulnificus causes  wound infections  characterized by ti ssue necros is  and accompanied by septicemia. V. vulnificus
infection has  a  high morta l i ty rate.



Rickettsiae, Chlamydiae, and Mycoplasma

Questions

296. Mycoplasmas  have been cul tivated from human mucous  membranes  and ti ssues , especia l ly from the geni ta l , urinary, and respiratory tracts .
Chlamydia  can be i solated from many of these sources  as  wel l . Both cause respiratory and geni ta l  tract infections . Adults  may present with
asymptomatic respi ratory infection to serious  pneumoniti s , and identi fi cation of the etiologic agent usual ly determines  the best antimicrobia l
treatment. Which of the fol lowing best describes  the di fference between mycoplasmas  and chlamydiae?

a. Able to cause disease in humans
b. Able to cause urinary tract infection
c. Able to grow on arti fi cia l  cel l -free media
d. Being able to s ta in wel l  wi th Gram sta in
e. Susceptible to penici l l in

297. A 39-year-old man presents  with sudden, influenza-l ike symptoms. He s tates  that he works  in a  s laughterhouse, and severa l  of his  coworkers
have s imi lar symptoms. Early s tages  of pneumonia  are detected. Which of the fol lowing i s  the most l ikely etiologic organism?

a. Coxiella burnetii
b. Rickettsia rickettsiae
c. Taenia solium
d. Taenia saginata

298. Many survivors  of mi l i tary or natura l  disasters  are at ri sk of infection due to loss  of publ ic hea l th services . Ricketts ia l  infections—except Q
fever and the ehrl ichios is—typica l ly are mani fested by fever, rashes , and vascul i ti s . Which of the fol lowing best characterizes  ricketts iae, which
include the spotted fevers , Q fever, typhus , and scrub typhus?

a. Eas i ly s ta ined (gram-negative) with a  Gram sta in
b. Mainta ined in nature, with humans  as  the mammal ian reservoir
c. Obl igate intracel lular paras i tes
d. Stable outs ide the host cel l
e. The cause of infections  in which a  rash i s  a lways  present

299. A man with chi l l s , fever, and headache i s  thought to have “atypica l” pneumonia . His tory reveals  that he ra ises  chickens , and that
approximately 2 weeks  ago he lost a  large number of them to an undiagnosed disease. Which of the fol lowing i s  the most l ikely diagnos is  of this
man’s  condition?

a. Anthrax
b. Leptospiros is
c. Orni thos is
d. Relaps ing fever
e. Q fever

300. An i l l  patient denies  being bi tten by insects . However, he spent some time in a  mi lking barn and indicates  that i t was  dusty. Of the fol lowing
ricketts ia l  diseases , which one has  he most l ikely contracted?

a. Bri l l–Zinsser disease
b. Q fever
c. Ricketts ia l  pox
d. Rocky Mounta in spotted fever (RMSF)
e. Scrub typhus

301. A 23-year-old col lege senior presents  to the s tudent heal th cl inic with symptoms of a  suspected sexual ly transmitted disease (STD). Neisseria
and chlamydia  agents  are ruled out. Which of the fol lowing organisms  i s  the most l ikely cause of his  nongonococca l  urethri ti s  (NGU)?

a. Mycoplasma fermentans
b. Mycoplasma hominis
c. Mycoplasma mycoides
d. Mycoplasma pneumoniae
e. Ureaplasma urealyticum

302. A young man, home on leave from the mi l i tary, went camping in the woods  to detect deer movement for future hunting. Ten days  later, he
developed fever, mala ise, and myalgia . Leukopenia  and thrombocytopenia  were observed, as  wel l  as  severa l  ti ck bi tes . Which of the fol lowing
statements  best describes  human monocytic ehrl ichios is  (HME)?

a. Cl inica l  diagnos is  i s  based on the presence of erythema migrans  (EM)
b. Diagnos is  i s  usual ly made serologica l ly but morulae may be seen in the cytoplasm of monocytes
c. It i s  a  fata l  disease transmitted by the bi te of a  dog
d. Symptoms include vomiting and para lys is
e. The HME agent grows  on arti fi cia l  media

303. A couple, who did not know each other very wel l , dated and had sexual  contact. Severa l  weeks  later, the man noticed a  smal l , pa inless  ves icle
on his  penis , which ruptured and then healed. Soon, his  inguina l  lymph nodes  enlarged and discharged pus  through multiple s inus  tracts .
Lymphogranuloma venereum (LGV) i s  a  venereal  disease caused by serotype L1, L2, or L3 of Chlamydia trachomatis. The di fferentia l  diagnos is  should
include which of the fol lowing?

a. Babes ios is



b. Chancroid
c. Mononucleos is
d. Ps i ttacos is
e. Shingles

304. A forest worker experiences  a  sudden onset of fever, headache, myalgias , and prostration. A macular rash develops  severa l  days  later, with i t
appearing fi rs t on the hands  and feet before moving onto his  trunk. Which of the fol lowing treatments  i s  most appropriate?

a. Amphotericin B
b. Cephalosporin
c. Erythromycin
d. Sul fonamides
e. Tetracycl ine

305. Chlamydiae are true bacteria  with an unusual  three-s tage cycle of development. These characteris tics  are important to understand to be able
to dis tinguish them from other bacteria  and vi ruses  that can cause s imi lar disease presentations  and choice of treatments . For the growth of
Chlamydia, which of the fol lowing i s  the correct sequence of these events?

a. Development of an ini tia l  body, synthes is  of elementary body progeny, penetration of the host cel l
b. Penetration of the host cel l , development of an ini tia l  body, synthes is  of elementary body progeny
c. Penetration of the host cel l , synthes is  of elementary body progeny, development of an ini tia l  body
d. Synthes is  of elementary body progeny, development of an ini tia l  body, penetration of the host cel l
e. Synthes is  of elementary body progeny, penetration of the host cel l , development of an ini tia l  body

306. Young chi ldren in a  smal l  Egyptian vi l lage have eye infections  that present with lacrimation, discharge, and conjunctiva l  hyperemia. Scarring
of the conjunctiva  and noticeable loss  of vi s ion occur in some. Which of the fol lowing s tatements  best describes  the etiologic agent that caused
these infections  and relative treatment?

a. The organisms  are gram-pos i tive and treatable with penici l l in
b. The organisms  have no cel l  wal l  and wi l l  only respond to tetracycl ine
c. The organisms  are gram-negative, and prophylactic use of tetracycl ines  can prevent infections
d. Gram sta ins  of conjunctiva l  scrapings  are useful  diagnostic tests  to justi fy treatment with sul fonamides
e. The organisms  are i solated on blood agar plates  and respond to cel l  wal l -inhibi ting antibiotics

307. The ehrl ichia  group organisms  are obl igate intracel lular bacteria  that are taxonomica l ly grouped with the ricketts iae and have tick vectors .
Human granulocytic ehrl ichios is  (HGE) i s  a  disease transmitted to humans  by the bi te of a  tick, Ixodes scapularis. Three ehrl ichia  species  are
present in di fferent parts  of the United States  and produce inclus ions  in ci rculating WBCs . Which of the fol lowing s tatements  about HGE i s
correct?

a. Cl inica l  diagnos is  i s  based on the presence of EM
b. HGE i s  caused by Ehrlichia chaffeensis
c. HGE i s  a  sel f-l imiting disease
d. HGE i s  characterized by an acute onset of fever, severe headache, and influenza-l ike symptoms
e. The causative organism can be grown on ordinary laboratory media

308. The “spotted fever” group of ricketts ia l  diseases  i s  caused by a  variety of ricketts ia l  species . Whi le not cri ti ca l  for treatment of disease, the
speciation of these organisms  i s  essentia l  for epidemiologic s tudies . Which of the fol lowing ricketts iae i s  found in the United States  and i s  a
member of the spotted fever group?

a. Rickettsia akari
b. Rickettsia australis
c. Rickettsia conorii
d. Rickettsia prowazekii
e. Rickettsia sibirica

309. A 36-year-old man presents  to his  primary care phys ician’s  office compla ining of fever and headache. On examination, he has  leucopenia ,
increased l iver enzymes , and inclus ion bodies  are seen in his  monocytes . His tory reveals  that he i s  outdoorsman and that he remembers
removing a  tick from his  leg. Which of the fol lowing i s  the most l ikely diagnos is?

a. Ehrl i chios is
b. Lyme disease
c. Q fever
d. Rocky Mounta in spotted fever
e. Tularemia

310. Ricketts ia l  organisms  infect humans  worldwide, a l though geographic locations  may be l imited for some species  and poss ibly produce some
chal lenges  in medica l  diagnos is . Al l  are obl igate intracel lular paras i tes , except C. burnetii, and transmitted by an insect vector. Typhus , spotted
fever, and scrub typhus  share which of the fol lowing mani festations  of disease?

a. Arthri ti s
b. Common vector
c. Fever and rash
d. Short incubation period (<48 hours )
e. Simi lar geographic dis tribution

311. Humans  are the natura l  hosts  for C. trachomatis, which i s  widespread in the population and a  wel l -known cause of STD. The organism is  a
wel l -documented cause of NGU in men and urethri ti s , cervici ti s , and pelvic inflammatory disease in women. This  organism is  a lso impl icated in



which of the fol lowing?

a. Bl indness
b. Middle ear infection in young chi ldren
c. Perinata l  retini ti s
d. Sexual ly transmitted cardiac disease in adults
e. Urinary tract infection in chi ldren

312. A homosexual  male presents  to his  phys ician with bi latera l  inguina l  buboes  (lymph nodes), one of which seems ready to rupture. He reca l l s
having two smal l , pa inless  geni ta l  les ions  that healed rapidly. The etiologic agent i s  i solated us ing McCoy cel l s . Which of the fol lowing
statements  best characterizes  LGV?

a. It i s  most common in temperate regions
b. In the United States , i t i s  more common among women
c. The causative agent i s  C. trachomatis
d. LGV does  not become chronic
e. Penici l l in i s  effective in early treatment

313. Dozens  of pol i ti ca l  refugees  fleeing from active warfare and l iving in a  dense forest envi ronment with crowded, unsani tary conditions
experienced nonspeci fic symptoms, fol lowed by high fever, severe headache, chi l l s , myalgia , and arthra lgia . Al l  had body l i ce. Improved l iving
conditions  in a  refugee camp and treatment with tetracycl ine brought resolution to most individuals . Which of the fol lowing s tatements  describes
the etio-logica l  agent respons ible for thei r infection?

a. The disease was  caused by an organism with no cel l  wal l s
b. The disease was  caused by a  vi ra l  agent
c. The disease was  derived from rodents  l iving in the forest area
d. Reoccurrence of mi lder disease may occur in later years
e. The disease was  caused by a  tick vector

314. An 18-year-old s tudent develops  symptoms cons is tent with primary atypica l  pneumonia  (PAP). This  i s  genera l ly a  mi ld disease, ranging from
subcl inica l  infection to serious  pneumoniti s ; the latter characterized by onset of fever, headache, sore throat, and cough but requires  laboratory
tests  to determine which organism is  involved and a  bas is  for antimicrobia l  choices . Which of the fol lowing organisms  causes  this  disease in
humans?

a. Mycoplasma fermentans
b. Mycoplasma hominis
c. Mycoplasma pneumoniae
d. Mycoplasma orale
e. Ureaplasma urealyticum

315. NGU is  the most common STD in men. Within 2 weeks , the symptoms usual ly include pa inful  urination and a  urethra l  discharge. Because of
the s imi lari ty of NGU symptoms with Neisseria gonococcus infection, diagnos is  depends  on cul ture of the discharge. Whi le the majori ty of NGU are
caused by C. trachomatis, which of the fol lowing organisms  i s  very s igni ficant in caus ing additional  cases  in humans?

a. Mycoplasma fermentans
b. Mycoplasma hominis
c. Mycoplasma pneumoniae
d. Mycoplasma orale
e. Ureaplasma urealyticum

316. A heal thy ora l  cavi ty has  a  microbia l  population cons is ting of gram-pos i tive s treptococci  and diphtheroids . Anaerobic rods  and spi rochetes
are present in low numbers  and may be opportunis tic for disease. Which of the fol lowing organisms  a lso normal ly inhabits  the heal thy human
ora l  cavi ty?

a. Mycoplasma fermentans
b. Mycoplasma hominis
c. Mycoplasma pneumoniae
d. Mycoplasma orale
e. Ureaplasma urealyticum

317. At least 15 species  of Mycoplasma are of human origin, and five are of primary importance. Which of the fol lowing organisms  normal ly inhabits
the female geni ta l  tract and i s  s trongly associated with sa lpingi ti s  and ovarian abscesses?

a. Mycoplasma fermentans
b. Mycoplasma hominis
c. Mycoplasma pneumoniae
d. Mycoplasma orale
e. Ureaplasma urealyticum

318. Suppurative inguina l  adeniti s  usual ly s tarts  by the appearance of smal l , pa inless  les ions  on the external  geni ta l ia  that heal  spontaneous ly.
Then regional  lymph nodes  enlarge and become painful  and often discharge pus  through multiple s inus  tracts . Which organism l i s ted below is
respons ible for this  STD?

a. Bartonella (Rochalimaea) henselae
b. Chlamydia trachomatis
c. Coxiella burnetii
d. Ehrlichia chaffeensis



e. Rickettsia rickettsii

319. Which of the fol lowing i s  transmitted by the bi te of a  hard Ixodes ti ck, where ci rculating leukocytes  are infected and morulae (clusters  of
microorganisms) form, which can be treated with tetracycl ines  and ri famycins?

a. Bartonella (Rochalimaea) henselae
b. Chlamydia trachomatis
c. Coxiella burnetii
d. Ehrlichia chaffeensis
e. Rickettsia rickettsii

320. Six laboratory technicians  at the s tate heal th laboratory were working on a  s tudy us ing rabbits . The experiments  involved an outbreak of acute
febri le i l lnesses  in workers  from a  s laughterhouse. The organism of interest was  a  gram-negative bacterium with tropism for mononuclear cel l s . A
dysfunction of the animal  cage a i r safety system a l lowed contaminated a i r to escape into the animal  care faci l i ty and research laboratories . Four
of the s ix technicians  now suffer from a  flu-l ike i l lness  and pneumoniti s . Which organism l i s ted below is  most l ikely the cause of this  outbreak?

a. Bartonella (Rochalimaea) henselae
b. Chlamydia trachomatis
c. Coxiella burnetii
d. Ehrlichia chaffeensis
e. Rickettsia rickettsii

321. A 56-year-old woman in Uganda presents  to an emergency cl inic. The woman is  homeless  and extremely di rty. She i s  a lso very dehydrated and
the duty nurse notices  l i ce in her ha i r and clothing. The patient reported high fever, severe headaches , and muscle pa in. A petechia l  rash was
observed a l l  over her body. After 72 hours  in the hospi ta l , the woman died. A Gram-sta in of the organism showed a  weakly s ta ining Gram-negative
bacterium that could not be grown in vi tro. What organism was  the most l ikely cause of her infection?

a. Chlamydia trachomatis
b. Coxiella burnetii
c. Rickettsia prowazekii
d. Rickettsia rickettsii
e. Rickettsia typhi

322. A 25-year-old male patient presents  to the emergency room in July in Texas . He compla ins  of shortness  of breath and a  low-grade fever. The
emergency room phys ician suspects  tracheobronchiti s . The patient a lso compla ins  of a  dry, nonproductive cough. A patchy bronchopneumonia  was
observed on x-ray. Cold agglutinins  were observed in the patient’s  serum. The phys ician suspects  a  Mycoplasma pneumoniae infection. Which of the
fol lowing antibiotics  does  the phys ician know that he cannot or should not adminis ter in this  s i tuation?

a. Cl indamycin
b. Erythromycin
c. Kanamycin
d. Penici l l in
e. Tetracycl ine

323. A 45-year-old man l iving in Uganda presents  to the emergency cl inic. He compla ins  that he has  a  “groin swel l ing.” He says  that this  “groin
swel l ing” has  broken open and a  thick, white fluid has  leaked out. This  patient s tated that he had been sexual ly active for 30 years  and that he
observed a  “sore” on his  penis  about a  month ago. The patient a lso compla ined of recent headaches , fever, and muscle pa in. A bacterium was
isolated from this  thick white fluid, but i t would not grow in vi tro. It would only grow in ti s sue cul ture. The organism was  a  Gram-negative rod.
Which of the fol lowing bacteria  was  the cause of this  man’s  infection?

a. Chlamydophila psittaci
b. Chlamydophila pneumoniae
c. Chlamydia trachomatis
d. Neisseria gonorrheae
e. Treponema pallidum

324. A week after returning from a  July camping trip to the Blue Ridge Mounta ins  in North Carol ina , a  10-year-old boy i s  brought to the emergency
room with a  severe headache, fever, and muscle pa in. He a lso has  a  maculopapular rash on his  arms  and legs . Al though the rash began on his
arms  and legs , i t has  now spread to his  trunk. He remembers  removing severa l  ti cks  from around his  ankles  on the camping trip. What i s  the
organism most l ikely to the cause of this  young man’s  infection?



(From Public Health Image Library. Content provider: Center for Disease Control.)

a . Coxiella burnetii
b. Group A s treptococci  (Streptococcus pyogenes)
c. Rickettsia prowazekii
d. Rickettsia ricketsii
e. Salmonella typhi

325. A 19-year-old col lege s tudent presents  to the univers i ty infi rmary with what the doctor thought was  NGU. The phys ician had a  very hard time
isolating a  causative organism from the young man. The cl inica l  lab fina l ly got the organism to grow in vi tro and they reported that the offending
organism produced extremely smal l  colonies  and would only grow in the presence of urea. The organism often died rapidly after the ini tia l
i solation. The organism caus ing this  s tudent’s  NGU was  which of the fol lowing?

a. Coxiella burnetii
b. Mycoplasma genitalium
c. Mycoplasma hominis
d. Mycoplasma pneumoniae
e. Ureaplasma urealyticum

326. A 15-year-old boy presents  to his  fami ly doctor and reports  that he was  not feel ing very good. He says  that he has  been feel ing “lousy” for the
past 2 weeks  with a  fever, runny nose, headaches , and no energy. He a lso has  a  nonproductive cough. The doctor orders  a  pulmonary x-ray that
demonstrates  no consol idation and only patchy opaci ty in the lower lobes  of the lungs . The boy’s  serum is  pos i tive for cold agglutinins  and
antibodies  aga inst Streptococcus MG. Which of the fol lowing bacteria  i s  respons ible for his  infection?

a. Chlamydia trachomatis
b. Chlamydophila pneumoniae
c. Chlamydophila psittaci
d. Mycoplasma hominis
e. Mycoplasma pneumoniae

327. A 40-year-old man develops  a  cough that i s  nonproductive and goes  to see his  fami ly doctor. He says  that he has  been feel ing “lousy” and has
bronchiti s , s inus i ti s , and a  sore throat. The doctor orders  an x-ray that does  not show consol idation, but rather a  patchy infi l trate in his  upper right
lung. The man denies  taking any new pets  or animals  recently into his  house. A Gram-sta in of the sputum specimen shows  a  few Gram-negative
rods  that do not s ta in very wel l . Samples  sent to the cl inica l  laboratory do not grow on normal  laboratory media  (eg, blood agar), but do grow in
monolayer cel l s  in ti s sue cul ture. What bacterium is  most l ikely to be the cause of this  man’s  infection?

a. Chlamydia trachomatis
b. Chlamydophila psittaci
c. Chlamydophila pneumoniae
d. Mycoplasma pneumoniae
e. Streptococcus pneumoniae

328. A 35-year-old woman l iving in Minnesota  goes  to her fami ly phys ician. She compla ins  that for the past 8 days  she has  experienced a  flu-l ike
i l lness . The i l lness  cons is ted of muscle pa in, lethargy, headaches , and a  high fever (a lmost 41°C). She s tates  that she had removed severa l  ti cks



from around her ankles  about 14 days  ago. The phys ician gives  her a  shot of penici l l in, but when she returns  to see him about a  week later, she
reports  no improvement. The phys ician then draws  her blood and submits  i t to a  cl inica l  laboratory for identi fi cation. No bacteria  grew out on
blood agar, but a  Giemsa s ta in of the blood cul ture showed coccobaci l lary organisms  ins ide polymorphonuclear neutrophi l s . Which of the
fol lowing bacteria  was  most l ikely to be the cause of her i l lness?

a. Anaplasma phagocytophilum
b. Coxiella burnetii
c. Chlamydophila pneumoniae
d. Chlamydophila psittaci
e. Rickettsia rickettsii

329. A 27-year-old man presents  to his  fami ly doctor because he has  been having a  mucopurulent discharge from his  penis . He had recently vi s i ted
a prosti tute and he had unprotected sex with her. He was  afra id that he had caught the “clap”. He did not have a  fever and he sa id he experienced
no pa in upon urination. The doctor noted a  white urethra l  discharge from the man’s  penis . This  discharge was  then sent to the cl inica l  laboratory.
Because the phys ician suspected Neisseria gonorrheae infection, the lab s ta ined the specimen and tried to grow i t on blood agar. The causative
organism did not grow on blood agar, but would only grow in certa in cel l s  l ines . What was  the organism that caused this  man’s  infection?

a. Chlamydophila pneumoniae
b. Chlamydophila psittaci
c. Chlamydia trachomatis
d. Neisseria gonorrheae
e. Treponema pallidum

330. A phys ician was  asked to come to an Indian reservation in South Dakota  because of an outbreak of a  serious  eye infection. The infection was
bel ieved to have spread from person to person by infected towels  at the gymnas ium. Patients  reported conjunctivi ti s  with widespread
inflammation. In some cases , the patient’s  conjunctiva  became so damaged, that the eyel ids  turned inward, thus  scratching the eyebal l  every time
they bl inked. In some patients , there was  corneal  scarring and invas ion of blood vessels  into the cornea. Fortunately, the phys ician recognized
what the disease was , i ts  cause, and how to treat i t. He adminis tered azi thromycin in one dose and the infections  resolved. What organism was
caus ing the described symptoms?

a. Chlamydia trachomatis
b. Chlamydophila pneumoniae
c. Chlamydophila psittaci
d. Rickettsia prowazekii
e. Rickettsia rickettsii

331. A 45-year-old man reported to the emergency room in respiratory dis tress . His  symptoms included muscle pa in, congestion, a  dry cough, and
di fficul ty breathing. He a lso was  experiencing fever and chi l l s . A chest x-ray showed consol idation of the left lower lobe, and a  patchy infi l trate of
his  right upper lobe. He was  given a  shot of penici l l in and hospi ta l i zed. He did not improve on this  antibiotic so he was  given doxycycl ine, which
al lowed for his  improvement. It was  decided to give doxycycl ine after his  attending phys ician learned he was  a  bi rd enthus iast and had recently
received an African parrot that had arrived s ick and had died. What was  the name of the organism with which the man was  infected?

a. Chlamydophila pneumoniae
b. Chlamydophila psittaci
c. Chlamydia trachomatis
d. Rickettsia prowazekii
e. Rickettsia rickettsii

332. A 50-year-old man presented to his  fami ly doctor compla ining of flu-l ike symptoms. The doctor gave him a  shot of penici l l in and sent him
home. The man came back a  week later and in fact, fel t worse. The man was  a  rancher and ra ised a  lot of cattle. He told the doctor that he had
congenita l  heart disease and an attack of rheumatic fever when he was  young. The man now compla ined of fever, night sweats , continual
coughing, weight loss , and lethargy. The doctor had the man hospi ta l i zed because he now suspected subacute bacteria l  endocardi ti s  (SBE). A
cul ture of his  blood did not show any bacteria l  growth, but a  serum analys is  for antibodies  aga inst a  certa in bacterium was  pos i tive. As  a  resul t of
finding antibodies  to this  organism, treatment with doxycycl ine was  begun and the patient improved and was  released from the hospi ta l . What
was  the name of the organism with which the man was  infected?

a. Chlamydophila psittaci
b. Chlamydophila pneumoniae
c. Chlamydia trachomatis
d. Coxiella burnetii
e. Vi ridans  s treptococci

333. In July of 1987 in Texas , a  man went to his  fami ly doctor compla ining of flu-l ike symptoms, high fever, lethargy, muscle pa in, and a  headache.
He compla ined that he just fel t “lousy”. When the doctor took the patient’s  his tory, he learned that the man was  an avid hiker and camper. In fact,
the man just came back from a  recent camping trip to South Carol ina . The man remembered removing a  blood-fi l led tick from his  leg on that trip.
He had ki l led the tick and thought nothing more of i t. Now, he fel t i t might be relevant. The doctor a lso fel t this  information was  relevant and
asked for a  Giemsa s ta in of the man’s  blood by the cl inica l  lab. The resul ts  came back s tating that there were morulae ins ide the monocytes  in
the man’s  blood. The doctor, based on these resul ts , immediately s tarted the man on doxycycl ine because he fel t the man was  infected with
which organism?

a. Amblyomma americanum
b. Anaplasma phagocytophilum
c. Ehrlichia canis
d. Ehrlichia ewingii
e. Ehrlichia chaffeensis

334. A United States  bus inessman presented to the emergency room in New York Ci ty. He compla ined of severe headaches , muscle pa in, and fever.



He had a  maculopapular rash on his  trunk that was  moving to his  arms  and legs . The emergency room doctors  were s tumped as  to what might be
caus ing this  disease s tate. When they took his  his tory, he told them that he had just come back from a  bus iness  trip to Japan where he had spent
a  few days  camping in the mounta ins  and had been bi tten by some insects . He s tated that he never saw the insects , so he did not know what kind
they were. He sa id he knew what fleas  and ticks  looked l ike and he was  sure that he was  not bi tten by ei ther of those. In fact, he could show the
doctors  the eschars  of the insect bi tes . When asked how long ago this  was , he repl ied “about 11 days”. Because of this  information gathered by
taking the patient’s  his tory, the emergency room doctors  fel t confident they knew what had caused the patient’s  symptoms. They gave the patient
doxycycl ine and told him to see his  fami ly doctor for a  fol low-up after 1 week. When this  man went to his  fami ly doctor, he was  greatly improved.
What organism did the New York bus inessman have that had caused his  infection?

a. Dermacentor andersoni
b. Orientia tsutsugamushi
c. Rickettsia prowazekii
d. Rickettsia rickettsii
e. Rickettsia typhi



Answers

296. The answer is c. (Brooks, pp 344-345. Levinson, pp 171-172. Murray, pp 421-426. Ryan, pp 409, 463. Toy, p 116.) Unl ike chlamydiae, mycoplasmas  can
repl icate in cel l -free media . They lack a  rigid cel l  wal l  and are bound by a  triple-layer uni t membrane. For this  reason, they are completely
res is tant to the action of penici l l ins .

297. The answer is a. (Brooks, pp 353-354. Levinson, pp 182-184. Murray, pp 438-439. Ryan, p 477.) Q fever i s  an acute, flu-l ike i l lness  caused by C. burnetii.
It i s  one ricketts ia l  disease not transmitted by the bi te of a  tick. C. burnetii i s  found in high concentrations  in the urine, feces , and placenta l
ti ssue/amniotic fluid of cattle, goats , and sheep. Transmiss ion to humans  i s  by aerosol  inhalation of those specimens . Rickettsia i s  present in the
United States  and South America , but i s  transmitted by ticks  that feed on rodents  or dogs . The paras i tic Taenia species  are transmitted by ingestion
of under-cooked meat.

298. The answer is c. (Brooks, pp 350-354. Levinson, pp 182-184. Murray, pp 427-436. Ryan, pp 472-473.) Ricketts iae are obl igate intracel lular paras i tes  that
depend on host cel l s  for thei r phosphorylated energy compounds . The s igni ficant ricketts ia l  diseases  in North America  include RMSF (R. rick-ettsii),
Q fever (C. burnetii), and typhus  (R. prowazekii, R. typhi). Laboratory diagnos is  of ricketts ia l  disease i s  based on serologic analys is  rather than
isolation of the organism.

299. The answer is c. (Brooks, pp 364-365. Levinson, pp 179-181. Murray, pp 441-450. Ryan, p 469.) Orni thos is  (ps i ttacos is ) i s  caused by C. psittaci. Humans
usual ly contract the disease from infected bi rds  kept as  pets  or from infected poultry, including poultry in dress ing plants . Al though orni thos is
may be asymptomatic in humans , severe pneumonia  can develop. Fortunately, the disease i s  cured eas i ly with tetracycl ine. Bacillus anthracis i s  a
spore-forming, gram-pos i tive baci l lus  that has  a  protective capsule made of glutamic acid (amino acid) res idues . Humans  are infected
accidenta l ly by contact with infected animals  or thei r products . Skin les ions , seen most often, are known as  woolsorter’s  disease. Leptospira
organisms  are tightly coi led spi rochetes . Human contact i s  often in water, where the organism enters  breaks  in the skin. They produce hemorrhage
and necros is  in the l iver and kidneys  and often present as  aseptic meningi ti s . Relaps ing fever i s  caused by Borrelia recurrentis and i s  transmitted
by the body louse or Ornithodoros ti cks . An unusual  feature of this  disease i s  the selection of new antigenic forms  of the organism after host
antibody formation. Q fever i s  caused by a  ricketts ia l  organism, C. burnetii.

300. The answer is b. (Brooks, pp 350-354. Levinson, pp 182-184. Murray, pp 427-436. Ryan, p 477.) Most ricketts ia l  diseases  are transmitted to humans  by
way of arthropod vectors . The only exception i s  Q fever, which i s  caused by C. burnetii. This  organism is  transmitted by inhalation of contaminated
dust and aerosols  or by ingestion of contaminated mi lk. Bri l l–Zinsser disease i s  a  recurrence of epidemic typhus  (louse borne). Ricketts ia l  pox i s
transmitted by a  mite from the mouse reservoir. RMSF i s  caused by R. rickettsii and i s  transmitted by ticks  from the rodent or dog reservoirs . Scrub
typhus  i s  an As ian/Paci fic area  disease with a  mite transferring the organism from a  rodent reservoir.

301. The answer is e. (Brooks, p 347. Levinson, pp 171-172. Murray, pp 421-426. Ryan, p 413.) Ureaplasma urealyticum has  been associated with NGU as  wel l
as  inferti l i ty. Mycoplasma pneumoniae i s  the etiologic agent of PAP. Mycoplasma hominis, a l though i solated from up to 30% of patients  with NGU, has
yet to be impl icated as  a  cause of that disease. Mycoplasma fermentans has , on rare occas ions , been i solated from the oropharynx and geni ta l  tract.
Mycoplasma mycoides causes  bovine pleuropneumonia .

302. The answer is b. (Brooks, p 355. Levinson, pp 182-184. Murray, pp 435-437. Ryan, p 478.) HME, caused by the bi te of the tick Amblyomma americanum
infected with E. chaffeensis, causes  an i l lness  not unl ike RMSF, except a  rash usual ly does  not occur. Diagnos is  i s  usual ly made serologica l ly, and
treatment of choice i s  tetracycl ine. Symptoms include high fever, severe headache, and myalgias . EM is  the characteris tic skin les ion seen in Lyme
disease. HME is  transmitted by a  tick vector, as  mentioned previous ly, and not by a  dog bi te. Vomiting and para lys is  are not usual  symptoms seen
in HME cases . Cul tures  can be i solated us ing ti ssue cul ture cel l  l ines , but not arti fi cia l  media  (agar, broth, etc).

303. The answer is b. (Brooks, p 362. Levinson, pp 179-181. Murray, pp 441-450. Ryan, pp 466-467.) The di fferentia l  diagnos is  of LGV includes  syphi l i s ,
geni ta l  herpes , and chancroid. Severa l  cl inica l  tests  can be used to rule out syphi l i s  and geni ta l  herpes . These include a  negative (negative to rule
out; pos i tive to rule in) dark-field examination as  wel l  as  pos i tive sero-logic findings  for syphi l i s  and the demonstration of herpes  s implex vi rus
by cytology or cul ture. Haemophilus ducreyi can usual ly be i solated from the ulcer in chancroid. Babes ios is  i s  an RBC-infecting tick-borne disease,
usual ly derived from dogs  or Texas  cattle. Most cases  are asymptomatic, but cl indamycin or azi thromycin are effective treatments . Mononucleos is
i s  seen most often in infectious  mononucleos is  caused by EBV. Ps i ttacos is  i s  caused by inhal ing aerosols  or di rect contact with bi rds  infected with
C. psittaci and i s  usual ly a  mi ld upper respiratory i l lness . Shingles  would be evidenced by masses  of pa inful  herpetic les ions  caused by
reactivation of VZV (chicken pox).

304. The answer is e. (Brooks, pp 350-354. Levinson, pp 182-184. Murray, pp 427-436. Ryan, p 475.) Tetracycl ines  and chloramphenicol  are effective,
provided that treatment i s  s tarted early for ricketts ia l  diseases , including RMSF, as  in this  case. Those should be given ora l ly da i ly and continued
for severa l  days  after the rash subs ides . Intravenous  dosage can be used in severely i l l  patients . Sul fonamides  enhance the disease and are
contra indicated. The other antibiotics  are ineffective. Antibiotics  only suppress  the bacteria ’s  growth, and the patient’s  immune system must
eradicate them.

305. The answer is b. (Brooks, p 359. Levinson, pp 179-181. Murray, pp 441-450, Ryan, p 465. Toy, p 52.) The developmenta l  cycle of Chlamydia begins  with
the elementary body attaching to and then penetrating the host cel l . The elementary body, now in a  vacuole bounded by host-cel l  membrane,
becomes  an ini tia l  body. Within about 12 hours , the ini tia l  body has  divided to form many smal l  elementary particles  encased within an inclus ion
body in the cytoplasm; these progeny are l iberated by host-cel l  rupture.

306. The answer is c. (Brooks, pp 360-361. Levinson, pp 179-181. Murray, pp 441-450. Ryan, pp 464-466.) Chlamydia trachomatis serovars  A, B, Ba , and C are
respons ible for endemic trachoma. Whi le diagnos is  i s  usual ly dependent upon observation of intracel lular inclus ions  with a  glycogen matrix in
which elementary bodies  are embedded, Gram sta in preparations  are not useful  diagnostic tools . The cel l  wal l  most closely resembles  a  high
l ipid content and may s ta in gram-negative or variable. A s ingle monthly dose of doxycycl ine can resul t in s igni ficant cl inica l  improvement and be
preventative. Cel l  wal l  inhibi tors  (penici l l ins , cephalosporins ) resul t in cel l -wal l  defective forms  but are not effective in cl inica l  diseases
treatment. Inhibi tors  of protein synthes is  (tetracycl ines , erythromycin) are effective in most cl inica l  infections .

307. The answer is d. (Brooks, p 355. Levinson, pp 182-184. Murray, pp 435-437. Ryan, p 478.) HGE i s  caused by the bi te of I. scapularis infected with ei ther E.
phagocytophila or E. ewingii or Ehrlichia equi. A rash rarely occurs  and EM does  not occur, but the symptoms (fever, chi l l s , headache, myalgia , nausea,
vomiting, anorexia , and weight loss ) are s imi lar to those seen in RMSF. Serologica l  tests  show that subcl inica l  ehrl i chios is  occurs  frequently.
Ehrlichia chaffeensis causes  human monocyte ehrl ichios is  and may cause severe or fata l  i l lness . Seroprevalence s tudies  suggest that sub-cl inica l
ehrl ichios is  occurs  frequently. The organisms  can be i solated us ing cel l  cul ture procedures .



308. The answer is a. (Brooks, pp 350-354. Levinson, pp 182-184. Murray, pp 427-436. Ryan, p 473.) The primary cause of RMSF i s  R. rickettsii, a l though
ricketts ia l  pox i s  caused by R. akari, the only other member of the spotted fever group that res ides  in the United States . Rickettsia sibirica i s
respons ible for tick typhus  in China; R. australis causes  typhus  in Austra l ia , as  the name s igni fies ; and R. conorii causes  European and African
ricketts ioses . Rickettsia prowazekii i s  not a  member of the spotted fever group; i t causes  epidemic typhus .

309. The answer is a. (Brooks, p 355. Levinson, pp 182-184. Murray, pp 435-437. Ryan, p 478.) Al l  the l i s ted diseases  except Q fever are tick-borne. Two
human forms  of ehrl ichios is  can occur: HME, caused by E. chaffeensis, and HGE, caused by E. ewingii. Ehrl i chios is  was  previous ly recognized only as  a
veterinary pathogen. HME infection i s  transmitted by the brown dog tick and A. americanum. HGE infection i s  transmitted by I. scapularis, the same
tick that transmits  Lyme disease. Both infections  cause fever and leukopenia . A rash rarely occurs . E. chaffeensis infects  monocytes , and HGE infects
granulocytes ; both organisms  produce inclus ion bodies  ca l led morulae. Francisella tularensis i s  a  smal l , gram-negative, nonmoti le coccobaci l lus .
Humans  most commonly acquire the organism after contact with the ti ssues  or body fluid of an infected mammal  or the bi te of an infected tick.
The Ricketts ia  C. burnetii causes  Q fever, and humans  are usual ly infected by aerosol  of a  sporel ike form shed in mi lk, urine, feces , or placenta  of
infected sheep, cattle, or goats . Lyme disease i s  caused by a  spi rochete, B. burgdorferi, and produces  the characteris tic les ion erythema chronicum
migrans  (ECM). The etiologic agent of RMSF i s  R. rickettsii. It usual ly produces  a  rash that begins  in the extremities  and then involves  the trunk.

310. The answer is c. (Brooks, pp 350-354. Levinson, pp 182-184. Murray, pp 427-436. Ryan, pp 473-475.) Typhus , spotted fever, and scrub typhus  are a l l
caused by ricketts iae (R. prowazekii, R. rickettsii, and R. tsutsugamushi, respectively). Cl inica l ly, the diseases  have severa l  s imi lari ties . Each has  an
incubation period of 1 to 2 weeks , fol lowed by a  febri le period, which usual ly includes  a  rash. During the febri le period, ricketts iae can be found
in the patient’s  blood, and there i s  disseminated foca l  vascul i ti s  of smal l  blood vessels . The geographic area  associated with these diseases  i s
usual ly di fferent. Scrub typhus  i s  usual ly found in Japan, Southeast As ia , and the Paci fic, whi le spotted fever i s  usual ly found in the western
hemisphere. Typhus  has  a  worldwide incidence. (Typhus  i s  caused by l i ce and fleas , spotted fever i s  caused by ticks  and mites , and scrubs  are
caused by mites .)

311. The answer is a. (Brooks, p 360. Levinson, pp 179-181. Murray, pp 441-450. Ryan, p 464. Toy, p 52.) Trachoma has  been the greatest s ingle cause of
bl indness  in the world. Chlamydia trachomatis i s  the most common cause of STD in the United States  and i s  a lso respons ible for the majori ty of
cases  of infant conjunctivi ti s  and infant pneumonia . Middle ear infection in chi ldren i s  most often caused by bacteria  normal ly found in the ora l
cavi ty or upper respiratory system. Gram-pos i tive cocci , Pseudomonas species , and a  host of other normal  flora  can be involved. Trachoma involves
the keratoconjunctiva  area  of the eye, not the retina. Sexual ly transmitted cardiac in adults  and chi ldren’s  urinary tract infections  are not reported
to be caused by C. trachomatis.

312. The answer is c. (Brooks, p 362. Levinson, p 179. Murray, pp 441-450. Ryan, pp 466-468.) LGV i s  an STD caused by C. trachomatis of immuno-types  L1, L2,
and L3. It i s  more commonly found in tropica l  cl imates . In the United States , the sex ratio i s  reported to be 3.4 males  to 1 female. Tetracycl ine has
been success ful  in treating this  disease in the early s tages ; however, late s tages  usual ly require surgery. Unless  effective antimicrobia l  drug
treatment i s  given promptly, chronic inflammatory processes  can lead to fibros is , lymphatic obstruction, and recta l  s trictures .

313. The answer is d. (Brooks, pp 350-354. Levinson, pp 182-184. Murray, pp 427-436. Ryan, pp 475-476.) The disease described i s  epidemic typhus  or louse-
borne typhus . It i s  caused by R. prowazekii and i s  spread by the human body louse, Pediculus humanus. Lice obvious ly occur most readi ly in
unsanitary conditions  brought on by war or natura l  disasters , where normal  heal thy l iving conditions  are unavai lable. Ricketts ia l  diseases
respond to tetracycl ine treatment and vector control . The organisms  repl icate in endothel ia l  cel l s , resul ting in vascul i ti s . Recrudescent disease
(recurrence in later years ) has  been demonstrated in people exposed to epidemic typhus  during World War II . This  form of disease i s  genera l ly
mi lder, and convalescence i s  shorter. Ricketts iae are pleomorphic cocco-baci l l i  wi th cel l  wal l s  that do not s ta in wel l  in Gram sta in procedures . No
viruses  were involved in this  problem because tetracycl ine was  able to ki l l  the infecting organisms. Humans  are the main reservoir of the
causative agent.

314 to 317. The answers are 314-c, 315-e, 316-d, and 317-b. (Brooks, pp 344-347. Levinson, pp 171-172. Murray, pp 421-426. Ryan, pp 409-412. Toy, p 116.)
Members  of the mycoplasma group that are pathogenic for humans  include M. pneumoniae and U. urealyticum. Mycoplasma pneumoniae i s  best known
as  the causative agent of PAP, which may be confused cl inica l ly with influenza  or legionel los is . It a l so i s  associated with arthri ti s , pericardi ti s ,
aseptic meningi ti s , and the Gui l la in–Barré syndrome. M. pneumoniae can be cul tivated on specia l  media  and identi fied by immunofluorescence
sta ining and “fried egg” colonies  on agar.

Ureaplasma urealyticum (once ca l led tiny, or T. strain) has  been impl icated in cases  of NGU. As  the name impl ies , this  organism is  able to spl i t
urea, a  fact of diagnostic s igni ficance. Ureaplasma urealyticum i s  part of the normal  flora  of the geni tourinary tract, particularly in women.

Both M. orale and M. salivarium are inhabitants  of the normal  human ora l  cavi ty. These species  are commensals  and do not play a  role in
disease.

The only other species  of Mycoplasma associated with human disease i s  M. hominis. A normal  inhabitant of the geni ta l  tract of women, this
organism has  been demonstrated to produce an acute respiratory i l lness  that i s  associated with sore throat and tons i l lar exudate, but not with
fever. M. hominis can cause disease outs ide the urinary tract in immunosuppressed patients  or immunocompetent patients  after trauma of the
genitourinary tract. Other opportunis tic infections  known to be caused by M. hominis include wound infections , osteomyel i ti s , bra in abscess ,
pneumonia , and peri toni ti s . It has  been associated with neonata l  pneumonia  and seps is . Mycoplasma fermentans i s  an animal  i solate.

318. The answer is b. (Brooks, pp 360-361. Levinson, pp 179-181. Murray, pp 441-450. Ryan, pp 463-470, 471-479. Toy, p 52.) Chlamydiae are gram-negative
bacteria  that are obl igate, intracel lular paras i tes . They are divided into three species : C. trachomatis, C. pneumoniae, and C. psittaci. Chlamydiae have
a unique developmenta l  cycle. The infectious  particle i s  the elementary body. Once ins ide the cel l , the elementary body undergoes  reorganization
to form a  reticulate body. After severa l  repl ications , the reticulate bodies  di fferentiate into elementary bodies , are released from the host cel l ,
and become ava i lable to infect other cel l s . Three of the 15 serovars  of C. trachomatis (L1, L2, and L3) are known to cause LGV, an STD. C. trachomatis i s
a  leading cause of STD in the United States . It i s  ins idious  because so many early infections  are asymptomatic, particularly in women. The
painless  papule or ves icle develops  on any part of the external  geni ta l ia , anus , rectum, or elsewhere. This  les ion may ulcerate and heal  without
notice. Lymph nodes  enlarge and discharge pus  through s inuses . Unless  effective antibiotics  (tetracycl ine, erythromycin) are given promptly, a
chronic inflammatory process  may lead to fibros is  and lymphatic obstruction.

319. The answer is d. (Brooks, p 355. Levinson, pp 182-184. Murray, pp 435-437. Ryan, pp 463-470, 471-479.) Ehrlichia i s  an obl igate, intracel lular paras i te
that resembles  Rickettsia. Ehrlichia chaffeensis has  been l inked to human ehrl ichios is , a l though this  infection i s  primari ly seen in animals . The
majori ty of patients  with this  disease report exposure to ticks . It i s  thought that I. scapularis carries  Ehrlichia, a l though the Lone Star tick, A.
americanum, may a lso transmit the disease. These gram-negative bacteria  infect ci rculating leukocytes  where they multiply within phagocytic
vacuoles , forming clusters  with inclus ion-l ike appearance. These clusters  of ehrl ichiae are ca l led morulae (mulberry-l ike). Diagnos is  i s  confi rmed
by observing these morulae in white blood cel l s .



320. The answer is c. (Brooks, pp 350-351. Levinson, pp 182-184. Murray, pp 438-439. Ryan, pp 463-470, 471-479.) Coxiella i s  transmitted through the
respiratory tract rather than through the skin, and B. henselae from animal  scratches . Coxiella may cause chronic endocardi ti s  that i s  not very
respons ive to ei ther antimicrobia l  therapy or va lve replacement. About 50% of Q-fever cases  in humans  are asymptomatic. Symptomatic cases
usual ly present with an acute febri le i l lness  (flu-l ike disease, fever, pneumoniti s , and poss ibly hepati ti s ). Diagnos is  depends  on a  his tory with
contact with newborn or infected adult animals  (sheep, cattle, cats , rabbits , and dogs). About 2% to 10% of Q-fever patients  progress  to a  chronic
infection with endocardi ti s , which occurs  in about 60% to 70% of those cases . No vaccine exis ts  and doxycycl ine i s  effective when symptoms
appear.

321. The answer is c. (Murray [2009], pp 427-433. Murray [2013], Ch 41; Ryan, Ch 40.) The source of the woman’s  infection i s  Rickettsia prowazekii. Her
disease i s  louse-borne typhus . Louse-borne typhus  i s  a  disease with a  morta l i ty of approximately 30%. Chlamydia trachomatis i s  obvious ly incorrect
because the woman does  not have trachoma, which i s  primari ly a  disease of the eye or geni ta l  tract. Coxiella burnetii i s  incorrect because this
organism causes  Q fever, which i s  primari ly a  disease presenting with nonspeci fic flu-l ike symptoms. Rickettsia rickettsii causes  Rocky Mounta in
spotted fever, which i s  the most common Rickettsia di sease in the United States , but i s  spread by ticks . Rickettsia typhi causes  endemic typhus  or
murine typhus  and i s  spread by fleas . Therefore, i t i s  important to know the arthropod vectors  that spread Rickettsia di seases  to be able to tel l
them apart.

322. The answer is d. (Murray [2009], pp 199-208. Murray [2013], Ch 40; Ryan, Ch 38.) Penici l l in causes  dis ruption of the cel l  wal l  of bacteria . The
Mycoplasma are unique among bacteria  (a long with the Ureaplasma) because they do not possess  a  cel l  wal l . Their cel l  membranes  conta in a  high
concentration of s terols , which s trengthen them by a l lowing the organism to res is t the di fference between the internal  and external  osmotic
pressure. The other four antibiotics  (cl indamycin, erythromycin, kanamycin, and tetracycl ine) are a l l  protein synthes is  inhibi tors  and would be
expected to have some activi ty aga inst M. pneumoniae. Erythromycin, the fluoroquinolones , and the tetracycl ines  have been used to treat infections
by this  organism. The fluoroquinolones  and the tetracycl ines  are more commonly used in adults .

323. The answer is c. (Murray [2009], pp 441-449. Murray [2013], Ch 43; Ryan, Ch 39.) This  man has  LGV, which i s  a  STD caused by the L serotypes  of
Chlamydia trachomatis. Whi le C. trachomatis can cause diseases  such as  ocular infections  and infant pneumonia , i t can a lso cause the very serious
STD of LGV. Di fferent serotypes  (in this  case the L serotypes) of C. trachomatis are respons ible for the di fferent diseases . Chlamydophila psittaci
causes  human respiratory infections  in man. Chlamydophila pneumoniae can a lso cause respiratory infections  in man that range from asymptomatic
to serious  atypica l  pneumonias . Neisseria gonorrheae i s  a  Gram-negative coccus  that can cause STD, and Treponema pallidum i s  a  Gram-negative
spirochete that can a lso cause STDs .

324. The answer is d. (Murray [2009], pp 427-433. Murray, Ch 41; Ryan, Ch 40.) The disease that this  young man has  i s  Rocky Mounta in spotted fever
(RMSF). RMSF i s  the most common Rickettsia di sease in the United States  and i s  spread by ticks . This  disease causes  a  maculopapular rash on the
arms  and legs  that spreads  to the trunk. The skin disease most often associated with the group A s treptococci  i s  erys ipelas . Coxiella burnetii causes
Q-fever, which i s  primari ly a  disease presenting with nonspeci fic flu-l ike symptoms. Typhoid fever, which i s  caused by Salmonella typhi, i s  a  febri le
i l lness  with severe gastrointestina l  dis tress . Rickettsia prowazekii causes  the disease typhus , which i s  a  disease with a  30% fata l i ty rate and a
maculopapular rash that i s  spread by l i ce and i s  rare in the United States .

325. The answer is e. (Murray [2009], pp 421-425. Murray [2013], Ch 40; Ryan, Ch 38.) Ureaplasma urealyticum can cause NGU and i t produces  colonies  even
smal ler than the colonies  of the Mycoplasma. The Ureaplasma species  require the presence of urea  in order to grow and i t i s  thought that they use
urea  to generate energy. They a lso often die rapidly after thei r ini tia l  i solation. Coxiella burnetii does  not cause NGU and does  not require urea  to
grow. The three Mycoplasma species  (genitalium, hominis, and pneumoniae) do not require urea  to grow and are therefore incorrect.

326. The answer is e. (Murray [2009], pp 421-425. Murray, Ch 40; Ryan, Ch 38.) Mycoplasma pneumoniae produces  an atypica l  pneumonia  that shows  up as
a  patchy opaci ty on chest x-ray. The most common cl inica l  presentation with this  organism is  tracheobronchiti s . The atypica l  pneumonia  produced
by M. pneumoniae i s  often referred to as  “walking pneumonia”. Cold agglutinins  are antibodies  that agglutinate type O red blood cel l s  at 4°C.
Streptococcus MG is  a  cl inica l  s tra in of bacteria  that rarely causes  disease. These antibodies  are often found in the serum of persons  infected with
M. pneumoniae. Antibodies  to these organisms  and cold agglutinins  are not found in the serum of patients  infected with Chlamydia trachomatis,
Chlamydophila pneumoniae, Chlamydophila psittaci, or Mycoplasma hominis.

327. The answer is c. (Murray [2009], pp 441-449. Murray [2013], Ch 43; Ryan, Ch 39.) Chlamydophila pneumoniae produces  pharyngi ti s , bronchi ti s , s inus i ti s ,
and pneumonia  in humans . The lungs  wi l l  show a  patchy infi l trate upon x-ray. It i s  a  Gram-negative bacterium that does  not s ta in wel l  upon
Gram-sta in. It wi l l  not grow in vi tro (eg, on blood agar), but wi l l  grow in ti s sue cul ture cel l s  because i t i s  a  s trict intracel lular bacteria l  pathogen.
Streptococcus pneumoniae and Mycoplasma pneumoniae wi l l  both cause pneumonia , but they wi l l  both grow in vi tro and are not obl igate intracel lular
bacteria l  pathogens . Both C. trachomatis and C. psittaci are obl igate intracel lular bacteria l  pathogens . C. trachomatis causes  ocular and geni ta l
infections , so i s  therefore incorrect. C. psittaci can cause pneumonia , but i s  a l so incorrect because the man has  not recently obta ined any new
birds  into his  household.

328. The answer is a. (Murray [2009], pp 435-440. Murray [2013], Ch 42; Ryan, Ch 40.) Human anaplasmos is  i s  caused by Anaplasma phagocytophilum. The
cel l s  that are primari ly infected by this  organism are granulocytes , which include neutrophi l s , basophi l s , and eos inophi l s . Human anaplasmos is
presents  as  flu-l ike symptoms, with muscle pa in, lethargy, high fever, and headaches . The disease i s  observed fol lowing the bi te of a  tick about 7
to 21 days  after the injury. Antibiotics  such as  penici l l in, cephalosporin, and the aminoglycos ides  are not effective aga inst human anaplasmos is .
Coxiella burnetii causes  Q-fever, which i s  primari ly a  respi ratory disease. Both Chlamydophila psittaci and Chlamydophila pneumoniae cause respiratory
diseases , and Rickettsia rickettsii causes  Rocky Mounta in spotted fever, which i s  characterized by a  rash, which this  patient does  not have.

329. The answer is c. (Murray [2009], pp 441-449. Murray [2013], Ch 43; Ryan, Ch 39.) Chlamydia trachomatis i s  the most common sexual ly transmitted
organism in the United States , so i t i s  not surpris ing that this  man picked up this  organism after an unprotected sexual  encounter with a
prosti tute. Most C. trachomatis geni ta l  infections  in men are symptomatic. However, in women as  many as  80% of thei r geni ta l  tract infections  with
this  organism are asymptomatic. Asymptomatic women are an important reservoir for the dis tribution of this  organism. C. trachomatis wi l l  not grow
on blood agar and i s  an obl igate intracel lular bacteria l  pathogen. Both the Chlamydophila (pneumoniae and psittaci) cause respiratory tract
infections . The infecting organism did not grow on blood agar, so i t was  not N. gonorrheae. The infecting organism was  not T. pallidum because the
ini tia l  chancre i s  on the geni ta ls , and the second phase of syphi l i s , which i s  a  rash, did not occur in this  man.

330. The answer is a. (Murray [2009], pp 441-449. Murray [2003], Ch 43. Ryan, Ch 39.) The described disease i s  trachoma, an ocular disease caused by the
A, B, and C serotypes  of C. trachomatis. Trachoma is  the most important cause of preventable bl indness  in the world. This  infection i s  spread from
eye to eye by fomites  l ike contaminated towels . The conjunctiva  becomes  scarred as  the infection continues  and bl indness  can be the end resul t.
The infection can be cured by one dose of azi thromycin or by a  seven day course of doxycycl ine. The two Chlamydophila (psittaci and pneumoniae)



cause respiratory tract infections , whi le the two Rickettsia (prowazekii and rickettsii) produce rashes  and these patients  had no rashes .

331. The answer is b. (Murray [2009], pp 441-449. Murray [2013], Ch 43; Ryan, Ch 39.) Chlamydophila psittaci i s  the cause of ps i ttacos is , which can be
transmitted to humans  from infected bi rds . When bi rds  are shipped long dis tances  (eg, from Africa), i f they are infected with C. psittaci, thei r
immune system begins  to wane. If they get s ick, the disease i s  ca l led shipping fever. So when the person who ordered the parrot gets  the bi rd,
they may become infected with C. psittaci by inhalation. The organism then moves  by hematogenous  spread to the spleen and l iver where the
bacteria  multiply. The lungs  are then infected from the blood s tream which induces  an inflammatory reaction in the a lveol i . Mucous  plugs  can
then be produced in the smal ler a i rways  caus ing di ffi cul ty in breathing. Chlamydophila pneumoniae i s  incorrect because this  organism is  not spread
by bi rds , and bi rds  a lso do not spread Chlamydia trachomatis. The two Rickettsia organisms  (prowazekii and rickettsii) do not cause respiratory tract
infections  and are not spread by bi rds .

332. The answer is d. (Murray [2009], pp 435-440. Murray [2013], Ch 42; Ryan, Ch 40.) The man had Q-fever. This  disease i s  caused by infection with
Coxiella burnetii. This  organism is  extremely s table and can survive in mi lk and soi l  for a  very long time. Infections  in man occur when the organisms
become a i rborne from a  contaminated source such as  soi l  or mi lk from a  farm. Man can a lso become infected by drinking contaminated mi lk. That
is  why i t i s  a  good idea  to drink only pasteurized mi lk. Most of the people exposed to Coxiella burnetii suffer an asymptomatic infection and most
symptoms that people do experience are flu-l ike. Q-fever can occur a  long time after the origina l  exposure to the organism and this  occurs
primari ly in people with congenita l  heart disease. In this  case, SBE i s  most commonly seen. The two Chlamydophila organisms  (psittaci and
pneumoniae) are incorrect. The man got his  infection working on his  cattle ranch. The Chlamydophila are not extremely s table and do not survive in
dust. Chlamydia trachomatis i s  incorrect because this  organism is  not extremely s table and does  not survive in dust. Whi le the vi ridans  s treptococci
do cause SBE, they did not cause this  man’s  infection because they are sens i tive to penici l l in and they would have grown out in his  blood cul ture
had they been present.

333. The answer is e. (Murray [2009], pp 435-440. Murray [2013], Ch 42; Ryan, Ch 40.) The man had HME. This  disease i s  spread by ticks  and i s  caused by
Ehrlichia chaffeensis. This  organism resul ts  in the infection of monocytes  in the patient’s  blood. Giemsa s ta ining of the patient’s  periphera l  blood
should be performed to examine the monocytes  for morulae (s tructures  ins ide the monocytes  that conta in the intracel lular organisms), because
this  i s  diagnostic of this  disease. Patients  with HME should be treated with doxycycl ine. Ehrlichia canis i s  incorrect because this  organism causes
infections  in dogs . Ehrlichia ewingii i s  incorrect because this  organism causes  primary granulocytic ehrl ichios is . Amblyomma america-num i s  the tick
arthropod vector for E. chafeensis and therefore incorrect.

334. The answer is b. (Murray [2009], pp 427-433. Murray [2013], Ch 41. Ryan, Ch 40.) The New York bus inessman had scrub typhus , which i s  caused by
Orientia tsutsugamushi. This  disease i s  spread by the bi te of mites  carrying the organism. Mites  are so smal l  that most people that get bi t by them
never see them. Scrub typhus  develops  suddenly after about a  2-week incubation period. It occurs  in eastern As ia , Japan, Austra l ia , and other
western Paci fic i s lands . The bus inessman’s  trip to Japan expla ins  his  infection. The disease i s  characterized by myalgia , fever, and severe
headaches . A rash develops  about 50% of the time. It can be treated with doxycycl ine. The three Rickettsia organisms  (prowazekii, rickettsii, and typhi)
are incorrect because the bus inessman had no l i ce (prowazekii), no flea  bi tes  (typhi), and no tick bi tes  (rickettsii). Doxycycl ine would have cured a l l
these organisms  i f they had been present. Dermacentor andersoni i s  the name of the wood tick that spreads  Rocky Mounta in spotted fever, so that i s
obvious ly incorrect.



Mycology

Questions

335. About 90 days  post-bone marrow transplant, a  55-year-old white woman began to compla in of dry cough, shortness  of breath, and chest pa in.
She was  s tarted on antibiotics  and blood cul ture obta ined at the time was  negative and there was  not improvement. A computed tomography (CT)
scan of the lungs  showed a  ha lo of low attenuation around a  nodular les ion. Analys is  of lung biopsy was  s imi lar to methenamine s i lver-s ta ined
section below. The most l ikely diagnos is  for this  patient i s

(Courtesy of Dr. William Kaplan; Public Health Image Library, Centers for Disease Control and Prevention; Atlanta, Georgia.)

a. Aspergi l los is
b. Candidias is
c. His toplasmos is
d. Mucormycos is

336. A 65-year-old man was  diagnosed with pseudomembranous  candidias is  and given a  prescription for ora l  fluconazole. This  drug acts  by:

a . Binding to membrane ergosterol
b. Incorporation into RNA leading to mistrans lation and inhibi ts  DNA synthes is
c. Inhibi tion of 1,3-β-glucan biosynthes is
d. Inhibi tion of mitos is
e. Inhibi tion of squalene 2,3-epoxidase
f. Inhibi tion P450-dependent s terol  demethylase (lanosterol  14α-demethylase)

337. An AIDS patient with a  CD4 count in the range 100 to 50 cel l s /mm3 compla ins  of headache and neck s ti ffness  and appears  disoriented. The
poss ibi l i ty of fungal  meningi ti s  i s  cons idered and tests  for the common fungal  etiology of meningi ti s  ordered. Tests  included di rect examination
of spina l  fluid for the organism and serology. The purpose of the serology test i s  detection of

a . Antibody to capsular polysaccharide
b. Antibody to cel l  wal l  mannoprotein
c. Capsular polysaccharide
d. Cel l  wal l  mannoprotein

338. A 6-year-old African American gi rl  res ident of a  very large US ci ty presents  to a  cl inic with sca ly patches  and areas  of a lopecia  on the sca lp
with ha i r shafts  broken off close to the sca lp. The ha i r did not fluoresce under Wood’s  l ight. If this  chi ld has  tinea  capi ti s , the most l ikely etiology
is

a . Epidermophyton floccosum
b. Microsporum audouinii
c. Microsporum canis



d. Trichophyton rubrum
e. Trichophyton tonsurans

339. A 25-year-old male phys ica l  therapis t tra ins  regularly with the hope of qual i fying for the Boston Marathon. He develops  i tching in interdigi ta l
spaces  on his  left foot. Suspecting tinea  pedis  he treats  the area  with an over-the-counter product. The area  improves  after a  course of treatment
but two months  later reappears  and aga in responded to the same treatment. However, there was  reappearance 3 months  later. If the sel f-
diagnos is  i s  correct, the normal  habi tat of the etiologic agent i s  most l ikely described as

a . Anthropophi l i c
b. Geophi l i c
c. Zoophi l i c

340. A patient receiving corticosteroid treatment for lupus  developed headache and fever and when she began to display some memory loss  she
was  brought to her phys ician by her spouse. Cons idered in the di fferentia l  diagnos is  was  cryptococca l  meningi ti s . Which of the fol lowing, i f found
upon examination of cerebrospina l  fluid would support that diagnos is?

a. Encapsulated yeast cel l s
b. Hyphae
c. Intracel lular yeast cel l s
d. Yeast cel l s  with multiple buds
e. Yeast cel l s  with a  broad base between mother and daughter cel l s

341. A 35-year-old male, a  lega l  res ident in the USA, presented with a  compla int of a  les ion on the bottom of his  foot that was  smooth and shiny
and somewhat discolored. He reported that i t bothered him when wearing some shoes . He reported no chronic diseases  or recent i l lnesses  and
he was  a  nonsmoker. Travel  his tory determined that he frequently vi s i ted relatives  in India . His topathology of the biopsy specimen showed at 2.4-
mm granule surrounded by neutrophi l s . Ti ssue s ta ining suggested that the granule conta ined fi laments  >1 μm in width. The most l ikely diagnos is
i s

a . Actinomycetoma
b. Aspergi l los is
c. Chromomycos is
d. Eumycetoma
e. Phaeohyphomycos is

342. A heal thy 55-year-old man res ident of Louisvi l le, Kentucky, presented to his  phys ician compla ining of fever, headache, nonproductive cough,
and chest pa in of 10 days  duration. As  part of the his tory, the patient reported that he was  s ti l l  employed as  a  construction worker and for severa l
weeks  prior to becoming i l l  had been engaged in tearing down houses  and s tructures  as  part of an urban renewal  project. The most l ikely fungal
infection cons idered in the di fferentia l  diagnos is  i s

a . Blastomycos is
b. Coccidioidomycos is
c. Cryptococcos is
d. His toplasmos is
e. Paracoccidioidomycos is
f. Sporotrichos is

343. A 40-year-old woman sees  her primary care phys ician compla ining of an ulcer on her finger. She reported that i t s tarted as  a  red bump.
Knowing that her patient was  a  long-time avid gardener, the phys ician asked i f that finger had been injured by a  thorn. The patient responded that
she did not remember about that particular finger but she certa inly had received thorn punctures  in past weeks . Based on this  information, which
of the fol lowing i s  the most l ikely fungal  etiology?

a. Fonsecaea pedrosoi
b. Malassezia furfur
c. Microsporum canis
d. Sporothrix schenckii
e. Stachybotrys chartarum

344. Severa l  young men from the loca l  high school  footbal l  team compla in of a  sudden onset of athlete’s  foot (tinea  pedis ). Which of the fol lowing
observations  in a  skin scraping wi l l  support the diagnos is?

a. Hya l ine hyphae and arthroconidia
b. Pigmented hyphae
c. Sclerotic bodies
d. Spherules
e. Yeast cel l s

345. A 57-year-old obese, white female with type 1 diabetes  mel l i tus  i s  diagnosed with s trep throat and prescribed penici l l in. A week later she
returns  compla ining of a  sore mouth and white patches  on the tongue. Your examination confi rms  the white pseudomembranous  les ions .
Materia l  from the les ion i s  obta ined and prepared for microscopic examination. Your suspicion of the most l ikely cl inica l  diagnos is  wi l l  be
confi rmed by observation of bucca l  epi thel ia l  cel l s , leukocytes , and which of the fol lowing

a. Gram-pos i tive bacteria
b. Gram-negative bacteria
c. Hyphae with septa  and acute angle branching
d. Spherules  conta ining endospores
e. Yeast cel l s , hyphae, and pseudohyphae



346. A smal l  brownish i rregular macule on the pa lm of a  13-year-old gi rl  i s  examined by a  dermatologis t in her Louis iana  home town. A skin
scraping from the les ion i s  obta ined for microscopic observation and cul ture. Microscopic examination of the specimen shows  brownish fi laments
or hyphae and yeast cel l s . The most l ikely diagnos is  i s

a . Tinea  capi ti s
b. Tinea  corporis
c. Tinea  manuum
d. Tinea  nigra
e. Tinea  pedis

347. You have been des ignated as  a  coordinator of construction of a  bone marrow transplant uni t (BMTU). There wi l l  be extens ive removal  of wal l s
and floors  in order to insta l l  the laminar flow rooms required for a  BMTU. From the s tandpoint of frequency and letha l i ty, which of the fol lowing
fungi  should be your biggest concern?

a. Aspergillus species
b. Candida species
c. Cryptococcus species
d. Penicillium species
e. Pneumocystis jiroveci

348. A 50-year-old man, newly employed by a  commercia l  farm that suppl ies  eggs  and chickens  to industry, develops  a  flu-l ike syndrome with fever,
chi l l s , myalgia , headache, and a  nonproductive cough. He i s  diagnosed with his toplasmos is . A pos i tive ti ssue biopsy would show the presence of

a . Arthrospores
b. Oval  budding yeast cel l s  ins ide macrophages
c. Spherules  conta ining endospores
d. Tuberculate macroconidia
e. Yeast cel l s , hyphae, and pseudohyphae
f. Yeast cel l s  with broad-based bud

349. A 65-year-old female patient with a  long his tory of diabetes  i s  brought the emergency room by her daughter with an immediate compla int of
sudden swel l ing on the right s ide of the face and bleeding from the right nostri l . Questioning of the patient and daughter suggests  the poss ibi l i ty
of ketoacidos is . The nasa l  bleeding i s  troublesome and a  swab of the nares  i s  rushed to the cl inica l  laboratory for immediate attention a long
with blood to test for acidos is . The patient was  admitted. The facia l  les ion became partia l ly necrotic and there was  s l ight protrus ion of the right
eye and facia l  para lys is . The patient died on the second day. If this  patient died of a  fungal  infection, his topathologic examination of the les ions
would most l ikely show…

a. Hyphae, some with arthroconidia
b. Septate dematiaceous  hyphae
c. Septate hyphae with acute angle branching
d. Nonseptate hyphae
e. Narrow (<1 μm) Gram-pos i tive fi laments
f. Yeast cel l s

350. A normal ly heal thy young man in Arizona was  diagnosed with coccidioidomycos is . The most l ikely route of infection for the etiologic agent i s

a . Aspiration
b. Cutaneous  contact
c. Ingestion
d. Inhalation
e. Implantation

351. An immunocompromised patient i s  suspected of having aspergi l los is  due to A. fumigatus. Which of the fol lowing cl inica l  conditions  i s  most
l ikely to occur?

a. Al lergic bronchopulmonary response
b. Aspergi l loma
c. Invas ive pulmonary infection
d. Otomycos is
e. Wound infection

352. A 25-year-old pregnant woman, l iving in the San Joaquin Va l ley (Ca l i fornia), experiences  an influenza-l ike i l lness  with fever and cough. She i s
diagnosed with Coccidioides infection. The most l ikely recommended treatment for the infection of this  patient i s

a . Amphotericin B or fluconazole
b. 5-fluorocytos ine
c. None, the infection resolves  without treatment
d. Supportive treatment only for symptoms
e. Terbinafine

353. Months  after a  kidney transplant, a  45-year-old woman who was  receiving immunosuppress ive therapy experienced a  rapid onset of
respiratory insufficiency and a  dry cough. High-resolution computed tomographic scanning was  ordered of the lungs . There were findings  of
inters ti tia l  disease. Bronchoalveolar lavage was  performed and the materia l  examined by Giemsa s ta ining. The report s tated that trophic forms
and cysts  were observed. The most l ikely infecting organism is

a . Aspergillus fumigatus
b. Candida albicans



c. Pneumocystis jiroveci
d. Rhizopus arrhizus (oryzae)

354. Bacteria  and fungi  share some common mechanisms  of res is tance to drugs  used in treatment of bacteria l  or fungal  infection. However,
bacteria  have a  res is tance mechanism not described in fungi . This  mechanism is

a . Al teration in the drug target
b. Efflux of drug
c. Inactivation of drug
d. Influx of drug
e. Overexpress ion of drug target

355. An i solate of Candida albicans was  found to be res is tant to caspofungin due to mutation in the drug target which i s

a . Cytos ine permease
b. Ergosterol
c. P450 14-α-demethylase
d. Squalene 2,3-epoxidase
e. Subunit of β-1,3-glucan synthase

356. A 25-year-old man made a  sel f-diagnos is  of athlete’s  foot and purchased a  product adverti sed to treat this  condition that l i s ted the active
ingredient as  tolnaftate. The mode of action of this  drug i s

a . Binding to membrane ergosterol
b. Incorporation into RNA leading to mistrans lation and inhibi tion DNA synthes is
c. Inhibi tion of 1,3-β-glucan biosynthes is
d. Inhibi tion of mitos is
e. Inhibi tion of squalene 2,3-epoxidase
f. Inhibi tion P450-dependent s terol  demethylase (lanosterol  14α-demethylase)

357. A 37-year-old HIV-pos i tive male presented with fever, cough, facia l  papules , and pustules . Microscopic examination of a  s ta ined smear of
materia l  obta ined from a  pustule showed s tructures  that could be described as  those s ta ined red or dark in the periodic acid Schi ff s ta ined ti ssue
specimen below. These pustular les ions  are most l ikely attributable to infection with

(Courtesy of Dr. Libero Ajello; Public Health Image Library, Centers for Disease Control and Prevention; Atlanta, Georgia.)

a. Blastomyces dermatitidis
b. Candida albicans
c. Cryptococcus spp.
d. Histoplasma capsulatum
e. Penicillium marneffei

358. An 18-year-old white male high-school  s tudent vis i ts  the fami ly phys ician compla ining of a  di ffuse, pa inful  rash extending from his  midthigh
to his  navel  region. In recounting the his tory of the rash, he indicates  that one of his  footbal l  teammates  gave him topica l  hydrocorti sone to treat
a  minor groin rash. A KOH scraping of the les ion reveals  hya l ine hyphae and a  portion of the scraping i s  submitted for cul ture. A schematic of the
microscopic observation of the cul ture i s  shown below. The most l ikely etiology i s



(Reproduced, with permission, from Brooks GF et al. Jawetz’s  Medica l  Microbiology. 22nd ed. New York: McGraw-Hill; 2001:536.)

a. Epidermophyton floccosum
b. Microsporum canis
c. Trichophyton rubrum
d. Trichophyton tonsurans

359. A 37-year-old male presented with a  les ion on the left leg. He reported receiving abras ions  in the area  3 or 4 months  earl ier whi le on tour in
Brazi l . The les ion was  a  pink, smooth papular les ion, which he reported i tched. The les ion was  biops ied and the cl inica l  pathology laboratory
reported the presence of short, brownish hyphal  fragments  and sclerotic or Medlar bodies . The most l ikely diagnos is  for this  patient i s

a . Blastomycos is
b. Chromoblastomycos is
c. Lacazios is
d. Eumycetoma
e. Sporotrichos is

360. An 87-year-old man compla ined that his  feet hurt when he put on shoes  because of his  toenai l s . Upon inspection severa l  toenai l s  on both
feet showed yel lowing and thickening. A scraping was  obta ined from one na i l  as  wel l  as  subungual  debris  and prepared for cul ture and di rect
examination with potass ium hydroxide and Ca lcofluor. Microscopic examination showed fluorescent hyphae. The most l ikely diagnos is  i s

a . Tinea  capi ti s
b. Tinea  corporis
c. Tinea  manuum
d. Tinea  pedis
e. Tinea  unguium

361. A 55-year-old man from Miss iss ippi  presented with a  les ion below his  left eye. Examination showed a  wel l -demarcated les ion with a  ra ised
border, sca l ing, and pustules . He reported no pa in. Materia l  from the edge of the les ion was  submitted for his topathology and cul ture. The
pathology laboratory reported the presence of broad-based budding yeast cel l s . The diagnos is  for this  patient i s

a . Blastomycos is
b. Chromomycos is
c. Paracoccidioidomycos is
d. Penici l l ios is
e. Sporotrichos is

362. A 47-year-old man from Cincinnati , Ohio, suspected to have community-acquired pneumonia  was  treated with antibiotics . When he fa i led to
improve, his toplasmos is  was  cons idered. Among the tests  ordered were serology, di rect examination, and cul ture of induced sputum. In cul ture,
the microscopic morphology most useful  in identi fi cation of the etiologic agent i s

a . Arthroconidia
b. Microconidia
c. Sclerotic bodies
d. Spherules
e. Tuberculate macroconidia

363. A 25-year-old female had surgery for a  crush injury to the chest. She had a  centra l  venous  catheter, was  intubated, and was  on a  mechanica l
venti lator. Three days  postsurgery she developed a  fever and was  treated empirica l ly for bacteria l  infection but fever pers is ted. Fungemia  was
suspected and blood cul ture for fungi  was  ordered. Empiric anti fungal  therapy was  ini tiated and the centra l  venous  catheter l ine was  removed.
Removal  of the catheter i s  indicated because

a. Of the suspected presence of Aspergillus fumigatus biofi lm
b. Of the suspected presence of Candida albicans biofi lm
c. Of the suspected presence of Cryptococcus neoformans biofi lm



d. Of the suspected presence of Aspergillus fumigatus planktonic organisms
e. Of the suspected presence of Candida albicans planktonic organisms
f. Of the suspected presence of Cryptococcus neoformans planktonic organisms

364. A 75-year-old African American male who had recently reti red to the Tucson, Arizona area  from Ohio, presented with his tory of cough, fever,
and chi l l s  for 3 weeks . Because of the recent move and ethnici ty, the patient was  tested for coccidioidomycos is . This  infection i s  ini tiated
fol lowing inhalation of s tructures  best described as

a . Arthroconidia
b. Blastoconidia
c. Endospores
d. Spherules
e. Sporangiospores

365. A 4-year-chi ld develops  tinea  corporis  (ringworm). The les ions  clear us ing a  preparation for treatment of athlete’s  foot obta ined from loca l
drug s tore. The les ions  reappear on the chi ld and a  playmate in a  few weeks . Internet research suggested to the mother that the fami ly pet might
be the source of infection and should be taken to a  veterinarian. If this  i s  the mode of transmiss ion, the etiology i s  most l ikely

a . Epidermophyton floccosum
b. Hortaea werneckii
c. Malassezia spp.
d. Microsporum canis
e. Trichosporon beigelii

366. A patient from a  smal l  Miss iss ippi  town presented with a  compla int of severa l  weeks  of productive cough, hemoptys is , weight loss , and chest
pain. Radiologic findings  were cons is tent with a  pulmonary infi l trate. Among the poss ible diagnoses , blastomycos is  was  cons idered and cul ture
for this  organism was  included in the orders  for the cl inica l  laboratory. The s tructure dis tinctive for identi fi cation in microscopic examination of a
cul ture of the etiologic agent i s

a . Arthroconidia
b. Broad-based budding yeast cel l s
c. Encapsulated yeast cel l s
d. Multiply budding yeast cel l s
e. Tuberculate macroconidia

367. Candida albicans i s  i solated in blood cul ture from a  patient in a  surgica l  intens ive care uni t. This  most l ikely source of the infecting organism is

a . A heal th care worker
b. A vis i tor
c. Ambient a i r
d. The patient
e. The surgeon

368. A 30-year-old female of the US mi l i tary was  on ass ignment in a  subtropica l  area. She reported to the phys ician with a  compla int of patchy
l ight-colored les ions  on her chest and upper arms. She reported no other symptoms. Upon examination the les ions  were i rregular and wel l
demarcated. Included in the di fferentia l  diagnos is  was  pi tyrias is  vers icolor. A scraping on an affected area  was  obta ined. If the diagnos is  of
pi tyrias is  vers icolor i s  correct, the best description of what wi l l  be observed in a  pos i tive specimen i s

a . Hya l ine hyphae
b. Hyal ine hyphae and arthroconidia
c. Dematiaceous  hyphae
d. Yeast cel l s  with broad-based buds
e. Yeast cel l s  and short hyphae

369. A 56-year-old man reti red from the mi l i tary to his  hometown in Wiscons in. Whi le in the mi l i tary he had been s tationed in severa l  s tates  and
served in severa l  parts  of the world including South America , Africa , Southeast As ia , and most recently in Iraq and Afghanis tan. He compla ined to
his  phys ician of a  les ion ins ide his  mouth on the left s ide. His topathology of a  biopsy specimen s ta ined with methenamine s i lver was  s imi lar to
that shown below. The most l ikely diagnos is  i s



(Courtesy of the Public Health Image Library, Centers for Disease Control and Prevention; Atlanta, Georgia.)

a. Blastomycos is
b. Candidias is
c. His toplasmos is
d. Leishmanias is
e. Paracoccidioidomycos is

370. The overexpress ion of drug efflux pumps  in Candida albicans i s  an important mechanism in reduced susceptibi l i ty to

a. Azole class  drugs
b. Echinocandin class  drugs
c. Flucytos ine
d. Polyene class  drugs

371. A 28-year-old woman experienced vagina l  and vulvar i tching, a  s l ightly watery discharge and pa in with intercourse. Her gynecologis t
performed phys ica l  examination of the vulva , vagina, and cervix. The vagina l  pH was  estimated as  4.4. Microscopic examination was  performed on
some Gram-sta ined discharge materia l . The observation was  s imi lar to below. The most l ikely diagnos is  i s



(Courtesy of Dr. Stuart Brow; Public Health Image Library, Centers for Disease Control and Prevention; Atlanta, Georgia.)

a. Bacteria l  vaginos is
b. Candidias is
c. Chlamydia l  vagini ti s
d. Trichomonias is
e. Vi ra l  vagini ti s

372. A 53-year-old white woman with end-stage renal  disease received a  kidney transplant and was  mainta ined on an immunosuppress ive
regimen. Three months  later she had a  fever (38.3°C) and was  found to have acute renal  fa i lure. Renal  transplant biopsy was  performed. Periodic
acid-Schi ff s ta ining of a  biopsy section showed yeast cel l s  and hyphae. The most l ikely diagnos is  for this  patient i s  infection with

a. Aspergillus fumigatus
b. Candida albicans
c. Candida glabrata
d. Cryptococcus neoformans
e. Rhizopus arrhizus (oryzae)

373. Amphotericin B i s  noted for both i ts  anti fungal  efficacy and s ide effects  when adminis tered to humans . The bas is  for the s ide effects  i s  most
l ikely

a . Binding of drug to cholesterol
b. Binding of drug to ergosterol
c. Binding of drug to phosphol ipids
d. Inhibi tion of cholesterol  biosynthes is
e. Inhibi tion of ergosterol  biosynthes is

374. A fungal  teleomorph i s

a . Asexual  reproductive form
b. Infective form for humans
c. Sexual ly reproductive form
d. Dormant form



Answers
335. The answer is a. (Brooks, pp 646-647. Levinson, pp 351-352. Murray, Ch 73. Ryan, pp 723-733, 743-746.) Aspergillus i s  widespread in nature and produces
smal l  conidia  that are eas i ly aerosol i zed. Atopic individuals  often develop severe a l lergic reactions  to the conidia l  antigens . In
immunocompromised patients , the conidia  may germinate to produce hyphae that invade the lungs  and other ti s sues . Progress  of disease can be
rapid. A diagnos is  of aspergi l los is  i s  supported by a  ti s sue biopsy showing invas ion by the organism and a  pos i tive cul ture from a  normal ly s teri le
s i te. Aspergi l l i  may be a i rborne in the envi ronment and be laboratory cul ture contaminants  or present in ora l ly obta ined samples  from patients
without apparent cl inica l  i l lness  and at low ri sk for invas ive aspergi l los is  and such finding should be interpreted with caution. In ti s sue
Aspergillus spp. (most commonl  y A. fumigatus) have septate hyphae 3 to 6 μm in width that are described as  having acute angle branching. In bone
marrow transplant patients  infection may occur early after transplant or after severa l  months  as  in this  case. The other infections  can occur in a
compromised host but would di ffer from what i s  shown. Particularly, the septate hyphae and acute angle branching are not cons is tent with agents
of mucormycos is  that have wide nonseptate hyphae. Histoplasma capsulatum, which causes  his toplasmos is  in humans , grows  in yeast form in the
infected person. Normal  heal thy individuals  may be infected; however, in the immunocompromised host the infection can be more severe.

336. The answer is f. (Brooks, Ch 45. Levinson, Ch 47. Murray, Ch 69. Ryan, pp 707-710.) Ergosterol  i s  the major s terol  component of the fungal  cel l
membrane whi le cholesterol  i s  found in mammal ian membranes  (see table on the next page). The di fference i s  exploi ted by major anti fungal
drugs . Azole (imidazole and triazole) class  drugs , for example miconazole, fluconazole, i traconazole, and voriconazole, inhibi t a  cytochrome P450-
dependent demethylase (lanosterol  14-α-demethylase), which i s  in the latter part of the biosynthetic pathway for ergosterol . This  pathway i s  a lso
inhibi ted at an earl ier s tage prior to ring formation by a l lylamines  (Terbinafine, nafti fine) and tolnaftate. These drugs  inhibi t squalene-2,3-
epoxidase. The inhibi tion of ergosterol  production resul ts  in aberrant cel l  membrane. Polyene class  drugs , for example amphotericin B, a lso
exploi t ergosterol  by binding the s terol  leading to channel  formation in the membrane that a l lows  leakage of intracel lular consti tuents , for
example potass ium, and cel l  death. 5-Fluorocytos ine (5FC, flucytos ine) i s  a  pyrimidine analog that after convers ion to other compounds  (5-
fluorouraci l , 5-fluorodeoxyuridyl ic acid, and 5-fluorouridine) leads  to inhibi tion of DNA synthes is  and RNA miscoding. Echinocandins , for example
caspofungin, inhibi t the synthes is  of 1,3-β-glucan with inhibi tion of the glucan synthes is  enzyme complex. Griseofulvin i s  thought to inhibi t fungal
growth by interaction with microtubules  resul ting in aberrant mitos is  and cel l  divis ion.



337. The answer is c. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 73. Ryan, pp 739-742.) Cryptococcus neoformans i s  the most common cause of meningi ti s  in
AIDS patients . The frequency has  decl ined in areas  with robust anti retrovi ra l  treatment but can s ti l l  occur in patients  receiving treatment. Patients
immunocompromised by other factors , for example mainta ined on corticosteroids , are a lso at ri sk. The organism is  inhaled as  a  des iccated,
minimal ly encapsulated organism or perhaps  a  bas idiospore often after dis turbance of soi l  ri ch in avian feces  such as  pigeon guano. The capsule
can enlarge upon reaching the lung. Ini tia l  pulmonary infection may be asymptomatic and exposure may occur early in l i fe. Symptomatic infection
may mimic an influenza-l ike respiratory infection and resolve spontaneous ly. Particularly in immunocompromised patients  the organism may
multiply and disseminate with a  predi lection for the CNS caus ing meningoencephal i ti s . This  i s  often the presenting compla int. The organism
grows  as  encapsulated yeast that, in cul ture and cerebrospina l  fluid, may be highl ighted by mounting in India  ink. Frequently, detection of
capsular polysaccharide antigen i s  used as  a  diagnostic tool . There are commercia l  ki ts  based on latex agglutination or enzyme immunoassay
that can be used to detect antigen in serum or cerebrospina l  fluid.

338. The answer is e. (Brooks, Ch 45. Levinson, Ch 48. Murray, Ch 70. Ryan, pp 713-718.) The large majori ty of fungal  cutaneous  skin infections  are due to
dermatophytes . These infections  can occur from head to toe and the infections  are termed tinea  fol lowed by a  description of the s i te (see table
on the preceding page). These infections  have been ca l led ringworm, a  misnomer from the misconception that the cause was  a  worm. However,
that notion i s  perpetuated in the current terminology as  tinea  i s  from the Latin for a  gnawing worm. The case i s  a  class ic description of tinea



capi ti s  that occurs  primari ly in chi ldren before puberty. There are two forms  of chi ldhood tinea  capi ti s . One mani festation whose etiology i s  M.
audouinii i s  sometimes  ca l led “gray patch”. Over the past decades , this  form has  a lmost disappeared in the USA and been replaced by the second
form. The second mani festation of chi ldhood tinea  capi ti s  i s  caused by T. tonsurans and i s  sometimes  ca l led “black dot” because of the “dot”
vis ible within the area  of ha i r loss  where a  ha i r shaft broke off leaving a  s tump. Infections  are primari ly seen in chi ldren 3 to 9 years  of age,
a l though some adults  may be asymptomatic carriers . If not resolved by treatment, the infection genera l ly resolves  with puberty. Among inner-ci ty
chi ldren the preva lence may be as  high as  8%. Both M. audouinii and T. tonsurans are anthropophi l i c dermatophytes . Microscopic observation of
infected ha i rs  shows  arthroconidia  around the ha i r shaft (ectothrix) with M. audouinii infection and ins ide (endothrix) the ha i r shaft with T.
tonsurans infection. Wood’s  l ight i s  a  device that produces  ul traviolet l ight rays . Ha irs  infected with M. audouinii fluoresce with a  yel low-green color
under Wood’s  l ight, whi le T. tonsurans does  not. Other species  may be more preva lent in other parts  of the world as  the cause of infection.



339. The answer is a. (Brooks, Ch 45. Levinson, Ch 48. Murray, Ch 70. Ryan, pp 715-718.) Tinea  pedis  (athlete’s  foot) i s  caused by dermatophytes . There are
severa l  etiologies  of this  infection (see table on the preceding page). Dermatophytes  are adapted to one of three natura l  habi tats : man
(anthropophi l i c dermatophytes ), animals  other than man (zoophi l i c dermatophytes ) and soi l  (geophi l i c dermatophytes ). Infections  with
anthropophi l i c dermatophytes  tend to be mi lder, recurrent or chronic, and less  l ikely to completely resolve with topica l  treatment whi le those
with the other two habitats  tend to produce more inflammatory les ions  that are not recurrent and respond wel l  to treatment. The patient, in this
instance has  recurrent episodes , which i s  usual ly associated with anthropophi l i c species  of which the most common is  Trichophyton rubrum.

340. The answer is a. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 73. Ryan, pp 740-742.) Cryptococcus neoformans occurs  widely in nature, particularly in soi l
contaminated with bi rd droppings  and i s  frequently associated with pigeon guano. The organism grows  predominately in the yeast form as  an
encapsulated s tructure but as  a  bas idiomycete may form hyphae and produce spores . Fungal  s tructures  may become dess icated in the
environment and smal l  enough to be inhaled into the lungs  when materia l  conta ining the organisms  i s  dis turbed. In the lung, the capsule can
enlarge and encapsulated yeast cel l s  are found in ti s sue. Lung infection i s  often asymptomatic, particularly in a  normal  host, but can resul t in
pneumonia . Meningi ti s  occurs  through dissemination, particularly in immunosuppressed patients . India  ink preparations  of CSF reveal  a  budding
yeast with a  wide, unsta ined capsule in infected persons . A second species , C. gattii, a l so causes  infections . This  species  has  a  more l imited
geographic dis tribution and i s  not associated with bi rd guano but with vegetation, for example red gum trees . In the United States , the organisms
is  found on the west coast with recent infections  in the Paci fic Northwest and infections  with this  species  are reportable in Oregon and
Washington. This  species  tends  to infect competent hosts  and CNS dissemination i s  most often seen as  a  cryptococcoma. The dis tinctive feature
of Cryptococcus spp. yeast cel l s  i s  the capsule. Other organisms  that are found as  yeast in host ti s sue have other dis tinguishing features  such as
the multiple budding form of Paracoccidioides brasiliensis, the smal l  intracel lular yeast cel l s  of Histoplasma capsulatum and broad-base budding yeast
cel l s  of Blastomyces dermatitidis. Aspergillus spp. and agents  of mucormycos is  are examples  of fungi  that prol i ferate as  hyphae in ti s sue.

341. The answer is d. (Brooks, Ch 45. Levinson, Ch 48. Murray, Ch 71. Ryan, pp 721-722.) Mycetoma is  a  s lowly progress ing disease of the subcutaneous
tissues  that i s  caused by a  variety of fungi  (eumycetoma or eumycotic mycetoma) or bacteria  (actinomycetoma or actinomycotic mycetoma). The
term Madura foot has  been used to describe the foot les ion. Whi le mycetoma of ei ther fungal  or bacteria l  etiology i s  progress ive over years ,
eumycetoma progresses  more s lowly than actinomycetoma. A loca l i zed swol len les ion begins  to develop at the s i te of traumatic inoculation,
usual ly on the hand or foot. Les ions  conta in suppurative abscesses  with s inuses  that dra in the abscess . Organisms  coalesce into granules  or
gra ins . As  infection advances  there i s  swel l ing and dis tortion of the s i te of infection with s inus  tracts  waxing and waning. In this  case, the
infection has  not reached the s tage of dra ining s inus  tracts . The agents  of actinomycetoma a lso form fi laments . A dis tinction between the two
major etiologic groups  can be made by observing the width of the fi laments . Agents  of actinomycetomas  have fi laments  0.5 to 1 μm in width whi le
fungal  hyaphe are greater than 1 μm. There are multiple bacteria  or fungi  that have been i solated from infection and speci fic etiology requires
cul ture identi fi cation. Al though severa l  fungi  have been i solated in the United States  from persons  who have mycetoma, Pseudallescheria boydii
appears  to be one of the most common. P. boydii i s  the teleomorph of Scedosporium apiospermum and Graphium eumorpum. In the other



subcutaneous  fungal  infections , the organisms  do not aggregate or coa lesce into granules  and have other features  that may be useful  in
establ i shing etiology of those infections .

342. The answer is d. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, pp 743-746.) Al though pulmonary fungal  infections  in the heal thy host are
genera l ly asymptomatic to subcl inica l , in some individuals  they are symptomatic (see table on the next page). The degree and duration may be
related to exposure or poss ibly s tra in. The fungi  associated with these infections  whi le found to varying degrees  worldwide have endemic areas .
In the United States , Kentucky i s  in the endemic area  (heaviest a long the Miss iss ippi  and Ohio Rivers ) for his toplasmos is , an infection of Histo-
plasma capsulatum. Soi l  wi th high ni trogen content such as  that conta ining bi rd or bat guano promotes  growth of the organisms. Excavation or
activi ty that dis turbs  soi l  can aerosol i ze organisms  so outdoor activi ties  such as  construction work increase the ri sk of exposure. In i ts  normal
habitat, the organism grows  in the mold form producing both tuberculate macroconidia  and microconidia . The former are dis tinctive s tructures  in
cul ture identi fi cation and the later are smal l  enough to be inhaled into the lungs . This  i s  the most common of the pulmonary mycoses  and more
than 80% of individuals  in the highly endemic area  have evidence of exposure. Al though men and women are equal ly exposed, men are more
l ikely to get symptomatic disease than women (about 4:1). The primary pulmonary infection may disseminate. Examination and cul ture of sputum
is  often negative in pulmonary infection. In the host, the organism converts  to a  yeast growth form and can propagate intracel lularly within
macrophage. The endemic area  for blastomycos is  overlaps  that of his toplasmos is  but infection i s  much less  common and i s  not associated with
demol i tion and construction exposure. In the United States , the endemic area  for coccidioidomycos is  i s  in the desert southwest a long the border
with Mexico with high endemici ty in Ca l i fornia  and Arizona. The endemic area  of paracoccidioidomycos is  i s  in parts  of South America . There i s
another species  or variant of Histoplasma, Histoplasma duboisii. This  species  i s  found in some areas  of Africa , and has  a  larger yeast cel l  in the host,
and in infection, skin and skeleton are the organs  most frequently affected.





343. The answer is d. (Brooks, Ch 45. Levinson, Ch 48. Murray, Ch 71. Ryan, pp 719-720.) Lymphocutaneous  sporotrichos is , caused by S. schenckii, begins  at
the s i te of inoculation, usual ly on an extremity or the face. The organism is  most often i solated from soi l , plants , or plant products , for example
straw. Whi le the infection i s  global , i t i s  more often reported from tropica l  and subtropica l  regions  with areas  of frequency, for example Mexico.
Infection i s  usual ly associated with traumatic inoculation. Exposure i s  genera l ly occupational  or hobby. In the USA, the puncture i s  often
associated with rose bush thorns . Recently the poss ibi l i ty of zoonotic transmiss ion, particularly from infected cats , has  received more attention.
The ini tia l  les ion appears  at the s i te of puncture. The les ion often ulcerates  and may develop a  ra ised erythematous  border. Additional  new
les ions  may appear a long lymphatics  that dra in the primary les ion about 2 weeks  after the primary les ion. Extracutaneous  sporotrichos is  i s  seen
primari ly in bones  and joints . There i s  no evidence to suggest that any porta l  of entry bes ides  skin i s  important. The primary les ion may become
“fixed”, may not spread, and may resemble a  mal ignant process . S. schenckii i s  a  thermal ly dimorphic fungus  growing as  a  mold in i ts  natura l
habi tat and as  a  yeast in infected ti ssue. The organisms  are often sparse in ti s sue compl icating di rect examination. Other species  Blastomyces,
Coccidioides, Histoplasma, and Paracoccidioides are a lso dimorphic but rarely cause primary cutaneous  infection. Fonsecaea pedrosoi i s  the most
common cause of another subcutaneous  mycos is , chromomycos is . Malassezia furfur i s  a  component of normal  skin flora  that may cause superficia l
disease, pi tyrias is  vers icolor whi le Microsporum canis i s  a  zoophi l i c dermatophyte that can cause tinea  corporis . Stachybotrys chartarum in recent
years  has  been associated with growth on cel lulose-rich materia ls  in water damaged bui ldings .

344. The answer is a. (Brooks, p 626. Levinson, pp 342-343. Murray, pp 718-724.) The dermatophytes  are a  group of fungi  that infect only superficia l
keratinized ti ssue (skin, ha i r, and na i l s ; see the table in Question 338). Dermatophytes  are probably restricted to nonviable skin because most are
unable to grow at 37°C or in the presence of serum. Such les ions  are among the most preva lent in the world. They are not l i fe-threatening, but can
be pers is tent and troublesome. The organisms  form hyphae and arthroconidia  in skin (see the image at the bottom of answer to Question 374). In



hair, the hyphae and arthoconidia  may be ei ther ins ide (endothrix) or outs ide (ectothrix) the ha i r shaft. Infections  by dermatophyte are termed
tinea fol lowed by the body s i te infected, for example tinea  pedis  for infection of the foot. More than one species  may cause the same
mani festation. In cul ture, macroscopic (color, texture, etc) observation of colonies  and microscopic (conidia) morphology and nutri tional
requirements  can be used in identi fi cation. The conidia  that are formed are genera l ly indicative of one of the three genera  of dermatophytes .
Identi fi cation of Microsporum spp. i s  a ided by the appearance of macroconidia , Trichophyton spp. by microconidia , and Epidermophyton floccosum by
dis tinctive macroconidia  may sometimes  described as  “beaver ta i l ” (see Question 358). Tinea  pedis , or athlete’s  foot, i s  the most common
dermatophytos is . The organism may be acquired from desquamated epi thel ia l  cel l s . Class ica l ly, this  occurs  in common bathing areas  used by
groups  of individuals  such as  athletes  and shared use of towels . Among prevention efforts  in athletic faci l i ties  are mainta ining cleanl iness  of
shared faci l i ties , da i ly washing of towels , education of athletes , and s taff on infection control  for skin diseases .

345. The answer is e. (Brooks, Ch 45. Levinson, Ch 50. Murray, pp 754-756. Ryan, pp 723-729.) Candida albicans i s  the most important species  of Candida and
is  part of the normal  flora  of skin, mouth, GI tract, and vagina. When host defense i s  compromised i t can cause opportunis tic cutaneous  and
mucosa l  infections  such as  thrush (pseudomembranous  candidias is ), vagini ti s , skin, and na i l  infections  as  wel l  as  candidemia  and deep-seated
infection. As  a  commensal , i t i s  genera l ly in the yeast form whi le les ions  in infection genera l ly show the additional  presence of hyphae and
pseudohyphae. Materia l  from a  pseudomembrane wi l l  show host cel l s , bacteria  and mass  of yeast cel l s , pseudohyphae, and hyphae. Since the
organisms  can be present as  a  commensal , cul ture i s  not a  confi rmation of infection. The diagnos is  i s  made by cl inica l  presentation of the
pseudomembrane and the microscopic observation. This  patient has  two ri sk factors  for the development of pseudo-membranous  candidias is ;
dis turbance of the normal  bacteria l  flora  due to the use of penici l l in and diabetes . Candida infection can be treated with topica l  nystatin or
clotrimazole troches  or ora l  fluconazole. Hyphae with acute angle branching i s  characteris tic of Aspergillus spp., which may be recovered in sputum
as  may spherules  conta ining endospores  found in Coccidioides spp. But nei ther are associated with ora l  pseudomembranous  les ions .

346. The answer is d. (Brooks, Ch 45. Levinson, Ch 48. Murray, Ch 70. Ryan, Ch 44.) Tinea  nigra  i s  a  superficia l  infection of the s tratum corneum that i s
usual ly a  sol i tary les ion on the pa lms  or sole that may range in color from tan to black. The les ion i s  chronic and asymptomatic. The infection i s
found most often in tropica l  cl imates  and coasta l  regions  in chi ldren and young adults  with a  greater incidence in women. The etiology i s  a
dematiaceous  fungus , Hortaea werneckii (previous ly Cladosporium, Exophiala, or Phaeoannellomyces werneckii). Dematiaceous  (dark-colored) fungi
produce melanin found in thei r cel l  wal l s . The melanin imparts  a  dark color to the organisms  in host ti s sue as  wel l  as  cul ture where colonies  may
appear dark brown, green-brown, or black. Microscopic examination of cul tured organisms  shows  the pigmentation in the organism. The dark
colorization of the les ion i s  from the fungus . The les ion may gross ly resemble a  mal ignant melanoma and more invas ive procedures  for this
condition may be avoided by examination of skin scrapings  of the les ion for fungal  elements . The infection responds  to topica l  treatment with
keratolytic solutions  or azole anti fungal  drugs . Al though tinea  manuum is  an infection of the hand by fungi , the etiology i s  a  dermatophyte. The
other infections , tinea  capi ti s , tinea  corporis , and tinea  pedis , are a lso infections  by dermatophytes  at other body s i tes  (see the table in Question
336).

347. The answer is a. (Brooks, Ch 45. Levinson, Ch 59. Murray, Ch 73. Ryan, Ch 44.) Fungal  infections  are potentia l ly serious  in a  bone marrow transplant
unit (BMTU), Candida and Aspergillus are the most common causes  of infection in BMT patients  and both have a  ri sk of morta l i ty. However, the two
di ffer in that Candida i s  a  human commensal  and cannot be excluded by construction practices  and envi ronmenta l  a i r monitoring. On the other
hand, aspergi l l i  are ubiqui tous  in the envi ronment. There are instances  of multiple infections  in new units  that have not been monitored prior to
opening or in uni ts  adjacent to construction projects . Strict precautions  should be taken to exclude dust and debris  from the BMTU area  during
construction, but in any event, the envi ronment should be monitored for a i rborne microorganisms, especia l ly Aspergillus, prior to opening the uni t.
Zygomycetes  may a lso be present in the a i r but are a  less  frequent cause of opportunis tic infection in the BMT patient. Whi le Penicillium organisms
are a lso frequent in a i r, the species  associated with opportunis tic infection, P. marneffei, i s  endemic in Southeast As ia  where i t causes  disease in
the AIDS patient. Pneumocystis jiroveci i s  an anthropophi l i c organism with a  human reservoir and, l ike, Candida not excluded by construction
practices . Al though particularly recognized for opportunis tic infection in AIDS patients , other immunocompromised patients  may a lso have
infection, including the occas ional  BMT patient.

348. The answer is b. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, Ch 46.) Histoplasma capsulatum i s  a  thermal ly dimorphic fungus  soi l  saprophyte
that in the envi ronment or room temperature grows  as  a  mold that produces  two types  of conidia : tuberculate macroconidia  and micro-conidia .
Inhalation of the microconidia  which are smal l  enough to reach the lungs , ini tiates  infection. Inhaled microconidia  are engul fed by macrophages
and develop into yeast forms. Most infections  remain asymptomatic; smal l  granulomatous  foci  hea l  by ca lci fi cation. However, pneumonia  can
occur. In ti s sue, the yeasts  are typica l ly seen within macrophages  s ince the organism is  a  facul tative intracel lular paras i te. Arthrospores
(arthroconidia) resul t from the fragmentation of hyphal  cel l s . Coccidioides spp. produce arthroconidia  in thei r natura l  habi tat. In the infected host,
this  thermal ly dimorphic organism grows  as  spherules  producing endospores . Another dimorphic fungus , Blastomyces dermatitidis, grows  as  yeast
cel l s  producing buds  on a  broad base in the human host. Yeast cel l s , hyphae, and pseudohyphae are associated with infections  of Candida albicans
(see the table in Question 342).

349. The answer is d. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 73. Ryan, Ch 45.) This  description i s  a  typica l  picture of mucormycos is  (a lso has  been
cal led zygomycos is ) occurring in a  diabetic patient. Etiologic agents  of the genera  Rhizopus, Mucor, Lichtheimia (former Absidia), Rhizomucor, and
others  belong to the order Mucora les . These organism have wide (10-15 μm), uneven thickness , and i rregular branching hyphae that are aseptate
or have rare septation. Hyphae may be sparse in infected ti ssue. The organisms  do not conta in melanin and are not dematiaceous . Hortaea
werneckii, etiologic agent of tinea  nigra , has  dematiaceous  hyphae in ti s sue. In skin some of the hya l ine hyphae of dermatophytes  may have
arthroconidia . Among opportunis tic molds , Aspergillus spp. have septate acute angle branching in ti s sue. Organisms  that grow in yeast forms  in the
host include Histoplasma and Blastomyces whi le C. albicans genera l ly has  both yeast cel l s , hyphae, and pseudohyphae in les ions . Fungal  hyphae are
genera l ly greater than 1 μm whi le narrow fi laments  are associate with bacteria  such as  Nocardia spp.

350. The answer is d. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, Ch 46.) Coccidioidomycos is  i s  a  primary pulmonary infection which i s
asymptomatic or subcl inica l  in about 60% of infected individuals  and i s  ini tiated from inhalation of arthroconidia  (arthrospores) (see the table in
Question 342). Coccidioidomycos is  i s  endemic to the dessert southwest, parts  of Mexico, and Centra l  and South America . There are two species
with C. immitis concentrated in Ca l i fornia  and C. posadasii el sewhere. The infection i s  the same regardless  of species . The organism grows  as  a
mold in soi l . Some hyphae give ri se to arthroconidia , which are produced in a l ternating cel l s . When the dis junctor cel l s  separating the
arthroconidia  lyse, the barrel -shaped arthroconidia  are released. These conidia  can be aerosol i zed when the soi l  i s  dis turbed. Subcutaneous
fungal  infections  such as  sporotrichos is  are ini tiated by traumatic implantation. Some individuals  with coccidioidomycos is  have factors  that
increase the ri sk of dissemination and extrapulmonary infection. The most common s i te of dissemination i s  the skin. However, these skin les ions
are not ini tiated by cutaneous  contact or implantation but dissemination from the origina l  primary pulmonary infection.

351. The answer is c. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 73. Ryan, Ch 45.) Aspergillus can cause a  variety of host infections  or responses . In



immunocompromised persons , invas ive disease i s  the concern. Blood vessel  invas ion can resul t in thrombos is  and infarction. Infection can
progress  rapidly and may disseminate. Invas ive pulmonary infection i s  associated with morta l i ty ri sk. The organism can infect wounds , for
example burn wounds , cornea fol lowing trauma, or surgery. In pulmonary cavi ties  (from preexis ting conditions , eg, tuberculos is , his toplasmos is ),
“fungus  ba l l” formation can occur, which can be seen on x-ray. Infection of the bronchi  can resul t in a l lergic bronchopulmonary aspergi l los is ,
characterized by asthmatic symptoms. Otomycos is  i s  typica l ly due to A. niger and i s  a  superficia l  colonization with cl inica l  features  s imi lar to other
causes  of external  oti ti s .

352. The answer is a. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, pp 749-753.) Most individuals  infected with Coccidioides spp. have asymptomatic
or subcl inica l  infections . Only about 40% have symptomatic primary pulmonary disease. In a  smal l  fraction of these individuals  (about 5% of
symptomatic individuals ), the organism may disseminate and cause extrapulmonary disease. The ri sk of dissemination i s  greater among some
population groups  than others . Those at increased ri sk include infants  and elderly, men, dark-skinned individuals , for example Fi l ipinos , African
Americans , and immunocompromised individuals  including AIDS patients , and pregnant women. Women in the thi rd trimester or immediate
postpartum period are at very high ri sk of dissemination and death. Since the infection i s  sel f-l imiting, in individuals  without ri sk factors ,
anti fungal  therapy i s  not indicated a l though supportive therapy for symptoms may be offered. Those with ri sk factors  or severe primary disease
genera l ly meri t treatment to reduce ri sk of dissemination. Women in the thi rd trimester require treatment. Amphotericin B and fluconazole are
usual ly cons idered. Reports  that severa l  azoles  possess  teratogenic potentia l  particularly early in pregnancy suggest that azoles  should be used
with care in pregnant women. A recent set of recommendations  suggest amphotericin B during the fi rs t trimester and azoles  later (Bercovi tch et a l .
Clin. Infect Dis 2011;53(4):353–368.)

353. The answer is c. (Brooks, Ch. 45. Levinson, Ch. 50, 52. Murray, Ch. 73, Ryan, Ch. 45.) Pneumocystis jiroveci causes  an intersti tia l  pneumonia  in
immunocompromised patients  and severely malnourished infants . The infection became more prominent with the AIDS epidemic as  an AIDS-
defining opportunis tic infection in the United States . With current treatment s trategies  for HIV/AIDS and prophylaxis , there has  been a  decrease in
those with access  to treatment. However, i t remains  a  leading cause of infection in those without access , who do not tolerate treatment, or who
do not know of thei r HIV infection. Patients  without HIV infection now account for the majori ty of cases  in the developed world. These non-HIV
immunocompromised patients  include those with hematologic mal ignancies  and organ transplants . Treatment-related ri sk factors  for these
patients  include s teroid and cytotoxic therapy. P. jiroveci (formerly P. carinii) was  origina l ly class i fied as  a  protozoan but has  been reclass i fied in
the fungal  kingdom for many years . It i s  not a  typica l  fungus  as  i t lacks  ergosterol  in the plasma membrane, and thus  anti fungal  drugs  that target
ergosterol  or i ts  biosynthes is  are not effective. The organisms  have not been mainta ined in cul ture and diagnos is  depends  on observing the
organism in cl inica l  specimens . The names  of the forms  that seem to be most commonly used s ti l l  reflect the former protozoan des ignation.
These are various ly described as  free trophic forms  or trophozoi tes , which are haploid, and the diploid cyst that when mature may conta in up to
eight spores  or intracystic bodies . Pneumocystis i s  found in humans  and a  variety of mammals  and each fungal  species  appears  to have host
speci fici ty so the P. jiroveci i s  i solated from humans  and P. carinii from rats . Al though the species  infecting humans  i s  now des ignated P. jiroveci, the
name PCP (P. carinii pneumonia) has  been reta ined by many for convenience. In AIDS patients , the onset of symptoms may be subtle with
progress ion whi le in other immunocompromised patients  the onset may be acute.

354 and 355. The answers are 354-c and 355-e. (Brooks, Ch 45. Levinson, Ch 47. Murray, Ch 69. Ryan, Ch 43.) See the answer for Question 336 and the below
table). Severa l  mechanisms  of res is tance to anti fungal  drugs  have been identi fied. These include a l terations  in the drug target by mutation or
overexpress ion, drug efflux pumps, changes  in ergosterol  or s terol  content, and changes  in uptake and metabol i sm. Al teration of the drug ei ther
through modi fication or degradation to inactive moieties  has  not been reported. Res is tance to tolnaftate and a l lylamines  that inhibi t squalene
epoxidase i s  not common but l ikely mechanisms  include efflux pumps, mutation or overexpress ion of the enzyme and nonspeci fic s tress
adaptation. Res is tance to flucytos ine may occur via  a l teration of the permease that reduces  entry into the fungal  cel l  or at enzymatic s teps ,
cytos ine deaminase or uraci l  phosphoribosyl  transferase, involved in metabol i sm of the drug to the active compounds . Res is tance to azole class
drugs  may develop through express ion of drug efflux pumps  and a l teration or over-express ion of the drug target. In some res is tant i solates , more
than one mechanism may be operative. Res is tance to polyenes  may reflect a  decrease in ergosterol  content of the membrane or production of
other non-polyene binding s terols .

356. The answer is e. (Brooks, Ch 45. Levinson, Ch 47. Murray, Ch 69. Ryan, Ch 43.) See the answer to Question 336 and the table in that question.
Ergosterol  in the fungal  cel l  membrane i s  exploi ted by severa l  drug classes . The squalene epoxidase i s  inhibi ted by both tolnaftate and
al lylamines . A later s tep in the pathway, a  cytochrome P450 enzyme 14-α-demethylase i s  inhibi ted by azole (imidazole, triazole) class  drugs .
Dis ruption of ergosterol  biosynthes is  resul ts  in aberrant cel l  membranes . Amphotericin B targets  ergosterol  by binding to the s terol .

357. The answer is e. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 72.) Penicillium marneffei i s  a  dimorphic fungus  that causes  opportunis tic disseminated
penici l l ios is  that develops  fol lowing inhalation of conidia  (see the table in Question 342). Infection i s  primari ly seen in HIV-infected individuals ,
a l though i t i s  a l so reported in other immunocompromised hosts . The organism is  endemic in Southeast As ia  (eg, Thai land, southern China, Viet
Nam, a  portion of India) and i s  associated with bamboo rats . A few imported cases  have been reported elsewhere in patients  with a  travel  his tory
to the endemic region. A majori ty of patients  have dissemination to the skin with rashes , papules , and pustules  that are often located on the
face. In the envi ronment and cul ture at envi ronmenta l  temperature the organism grows  as  a  mold with typica l  Penicillium morphology and produces
a  red di ffus ible pigment. In the host, the organism grows  as  a  fi s s ion yeast unl ike other infectious  fungi  with a  yeast form that grow by budding.
Microscopic detection of the fi s s ion yeast in cl inica l  specimens  such as  smears  from skin les ions  i s  diagnostic.

358. The answer is a. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 70. Ryan, Ch 45.) The presence of hya l ine hyphae supports  a  diagnos is  of a  dermatophyte
infection (see the table in Question 336). Dermatophyte infections  may be exacerbated by the use of topica l  s teroids . With such exposure the
infection may not give the typica l  picture and may be ca l led tinea  incognito. This  infection s tarted in the groin region where such infections  are
known as  tinea  cruris  or jock i tch. Dermatophytes  are identi fied in cul ture by the macroscopic morphology of the colony and the microscopic
morphology of asexual  production of conidia . Both macroconidia  and microconidia  may be produced but one i s  more abundant and used in
identi fi cation whi le the other i s  rare. Trichophyton species  produce numerous  microconidia  whose appearance and location are useful  in thei r
identi fi cation. Microsporum species  (except M. audouinii) produce macroconidia  that are borne s ingly and that have dis tinctive shapes  and rough
wal ls . Epidermophyton floccosum produces  only macroconidia . These are usual ly produced in clusters  and have a  dis tinctive clavate shape
sometimes  described as  “beaver-ta i l ”. The schematic shows  clavate macroconidia  with this  shape, which i s  cons is tent with E. floccosum.

359. The answer is b. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 71. Ryan, Ch 44.) Chromoblastomycos is  a lso ca l led chromomycos is  i s  a  subcutaneous
fungal  infection in which the etiologic agent ga ins  entry to the host through traumatic implantation or inoculation. The recognized agents  of this
infection include Phialophora verrucosa, Fonsecaea pedrosoi, Rhinocladiella aquaspersa, F. compacta, and Cladophialophora carrionii. The agents  of this
infection, as  indicated by the term “chromo,” are a l l  dematiaceous  fungi  that have pigmented cel l  wal l s  due to the presence of melanin. The
organism is  a lso pigmented in ti s sue hence the presence of pigmented fungal  s tructures . The characteris tic feature i s  the presence of muri form



cel l s  known as  sclerotic cel l s  or Medlar bodies , which are thick-wal led septated cel l s . The infection occurs  mainly in the tropics  and in males  and
more often on legs  than on the upper body. The infection develops  s lowly and may have a  his tory of many years  development. In this  case, the
infection i s  in an early s tage. When infection develops  over a  longer period, the les ion may become verrucous  and warty and develop caul i flower-
l ike les ions , which probably spread by autoinoculation or loca l  lymphatic spread. Blastomycos is  i s  ini tiated as  primary pulmonary infection that
may disseminate, with skin les ions  being the most common extrapulmonary mani festation. Blastomyces dermatitidis i s  a  thermal ly dimorphic
fungus  that in ti s sue i s  found in the yeast form with cel l s  that have a  broad base between mother and daughter cel l . Lacazios is  (lobomycos is ) i s  a
subcutaneous  mycos is  caused by Lacazia loboi (formerly Loboa loboi) that i s  found primari ly in South and Centra l  American tropics . The infection i s
characterized by s lowly developing nodules  that vary in s i ze, shape, and appearance, that may spread by autoinoculation, and that progress  over
decades . In ti s sue the organisms  are found as  large, thick-wal led yeast cel l s  that may appear as  a  cha in of cel l s  with narrow bridges . The
organism has  not been cul tured. The infection i s  a lso found in dolphins  and an aquatic habi tat i s  postulated. Eumycetoma is  another s low-
developing subcutaneous  fungal  infection, frequently found on the legs  or feet. The infection i s  more common in tropica l  areas  and i s  present at
higher frequency in some areas  such as  India , Africa , and Latin America . A number of fungal  agents  have been identi fied, many of them
dematiaceous . There i s  loca l i zed swel l ing and abscess  formation and dra ining s inuses . In ti s sue the organisms  are found as  granules  that
conta in septate hyphae that may be dis torted at the periphery. Granules  may a lso be found in s inus  tract exudate. A s imi lar disease may have a
bacteria l  etiology known as  actinomycetoma with granules  that a lso conta in fi laments  that are narrower than fungal  hyphae. Mycetoma is  a  term
that covers  both fungal  and bacteria l  etiology. Sporotrichos is  i s  yet another subcutaneous  mycos is  that, l i ke the others , i s  ini tiated by traumatic
implantation. The ini tia l  les ion appears  at the s i te of trauma, and with disease development additional  les ions  may appear a long the lymphatic
dra ining the region (see the answer to 343). In ti s sue, the organism is  a  budding yeast that i s  sometimes  described as  cigar-shaped and there may
be few present in a  specimen.

360. The answer is e. (Brooks, Ch 45. Levinson, Ch 48. Murray, Ch 70. Ryan, Ch 44.) Onychomycos is  i s  the most common nai l  disease in adults  and the
majori ty are attributed to dermatophytes  and ca l led tinea  unguium (see the table in Question 338). Treatment for tinea  unguium is  prolonged.
Without determining a  fungal  etiology, there may be expens ive, ineffective treatment, and unnecessary drug exposure. The other infections  are
a lso dermatophyte infections  at other body s i tes .

361. The answer is a. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, Ch 46.) Blastomycos is  i s  a  primary pulmonary infection that i s  frequently
asymptomatic or subcl inica l  as  are the other infections , coccidioidomycos is , his toplasmos is , and paracoccidioidomycos is , wi th systemic
dimorphic pathogens  (see the table in Question 342). Infection may disseminate hematogenous ly with about two-thi rds  of extrapulmonary
blastomycos is  cases  involving skin and bones . Pulmonary symptoms may not be present in disseminated disease. Infection i s  endemic in North
America  bordering the Miss iss ippi  and Ohio River bas ins , the Midwest and Canadian provinces  around Great Lakes  and St. Lawrence River, and in
the Southeast. Blastomyces dermatitidis i s  a  dimorphic fungus  growing as  mold in i ts  normal  habi tat. The habi tat has  not been wel l  characterized
but may wel l  involve patches  of mois t soi l  wi th abundance of organic materia l . The conidia  of the envi ronmenta l  form are nondescript. They may
be inhaled when the habi tat i s  dis turbed and ini tiate infection. The inhaled organism converts  to a  yeast phase, characterized by a  broad base
between mother and bud. The observation of these dis tinctive s tructures  in a  cl inica l  specimen i s  a  bas is  for diagnos is  that should be confi rmed
by cul ture.

362. The answer is e. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, Ch 46.) In his toplasmos is , inhaled H. capsulatum conidia  develop into yeast
cel l s , which are engul fed by a lveolar macrophages  (see the table in Question 342). The yeast cel l s  can repl icate intracel lularly. These may give
rise to inflammatory reactions  that become granulomatous . In cul ture at 25°C, H. capsulatum develops  hyphae with microconidia  and large,
spherica l  macroconidia  with periphera l  projections  of cel l  wal l  materia ls . The macroconidia  are a lso ca l led tuberculate macroconidia . The
macroconidia  are useful  in cul ture identi fi cation, whi le the microconidia  are smal l  enough to be inhaled to ini tiate infection. Arthroconidia
(arthrospores) resul t from the fragmentation of hyphal  cel l s  of Coccidioides spp. Spherules  resul t when arthroconidia  are inhaled and enlarge into
larger bodies  that conta in endospores . Spherules  can be produced in the laboratory us ing a  complex medium. Sclerotic bodies  are found in
chromoblastomycos is  infections . The agents  of chromoblastomycos is  res ide in soi l  and vegetation and may cause infections  when introduced into
subcutaneous  ti ssue. In ti s sue, the fungi  appear as  spherica l  brown cel l s  termed muni form or sclerotic bodies  that divide by transverse
separation. Separation in di fferent planes  may give ri se to a  cluster of 4 to 8 cel l s .

363. The answer is b. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 73. Ryan, Ch 45.) Candida albicans i s  a  component of normal  microbia l  flora  of the skin and
mucosa l  surfaces . Candida may reach the blood s tream by trans location from the gut or more often via  catheters . Candidemia  has  a  high
attributable morta l i ty, and once in the blood the fungus  can cause infection in any organ. Vascular catheters  are an establ i shed ri sk factor for
infection. Endogenous  organisms  or occas ional ly exogenous  organisms  (eg, from skin of hea l th care worker) reach the lumen of the catheter and a
biofi lm develops . Whi le planktonic organisms  are organisms  l iving a lone, a  biofi lm i s  a  community of organisms  attached to a  surface and
surrounded by an extracel lular matrix of i ts  own production. Biofi lms  may have a  complex species  compos i tion, for example tooth plaque, or be
composed of a  s ingle species . As  biofi lms  mature, planktonic organisms  are released, and in the case of catheter biofi lms , the released
organisms  continuous ly inoculate the blood. Organisms  in biofi lms  acquire new phenotypic properties . One of the properties  i s  reduced
susceptibi l i ty to anti fungal  drugs  (or antibacteria l  drugs  in the case of bacteria). Drug concentrations  that are effective aga inst planktonic
organisms  are ineffective aga inst biofi lms . Consequently, a  patient may receive a  therapeutic drug dose that acts  success ful ly aga inst planktonic
organisms  in ci rculation or ti s sue but i s  not effective aga inst the biofi lm organisms. Biofi lms  can continue to release planktonic organisms  to
infect surrounding ti ssue or blood. As  noted, the source of blood s tream infection may be inoculation from a  biofi lm in the catheter. Therefore, the
catheter i s  removed to el iminate a  potentia l  source of infection. Whi le Aspergillus and Cryptococcus, as  wel l  as  some other fungi  can form biofi lms
on devices , the reports  are s ti l l  few and fungemia  i s  uncommon. Candida i s  the most common cause of fungal  biofi lm-related infection and ranks
high on the l i s t of causes  of nosocomia l  bloodstream infection.

364. The answer is a. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, Ch 46.) Coccidioidomycos is  (a lso known as  Va l ley fever) i s  caused by C. immitis
or C. posadasii (see the table in Question 342). The infection i s  endemic in the semiarid regions  of the southwestern United States , as  wel l  as
Centra l  and South America . Most C. immitis i solates  are from Cal i fornia  whi le C. posadasii has  been found elsewhere. The species  have few
phenotypic di fferences  and cl inica l  mani festations  appear the same. Hyphae form chains  of arthroconidia  (arthrospores), which often develop in
a l ternate cel l s  of a  hypha. Individual  arthroconidia  are released from chains , become a i rborne, and are res is tant to harsh envi ronmenta l
conditions . Fol lowing inhalation, arthroconidia  become spherica l , enlarge forming spherules  that conta in endospores . Such spherules  have a
thick, refractive cel l  wal l  and are diagnostic of Coccidioides spp. Blastospores  represent conidia l  formation through a  budding process , as  seen in
yeast. Sporangiospores  are asexual  s tructures  characteris tic of zygomycetes  produced within an enclosed sporangium, often supported by one
sporangiophore (Rhizopus, Mucor).

365. The answer is d. (Brooks, Ch 45. Levinson, Ch 48. Murray, Ch 70. Ryan, Ch 44.) Dermatophytoses  are cutaneous  mycoses  caused by three genera  of
fungi : Microsporum, Trichophyton, and Epidermophyton (see the table in Question 338). Dermatophytes  may have as  thei r normal  habi tat the soi l ,



animals  (other than man), or man and are described, respectively, as  geophi l i c, zoophi l i c, or anthropophi l i c organisms. Dermatophytes  are found
worldwide. Most i solates  from infection today are anthropophi l i c with Trichophyton rubrum the most common isolate. There are di fferences  in
geographic dis tribution of species . Infection occurs  in keratinized ti ssue. Infection can be transmitted by transfer of arthroconidia  or hyphae or
keratinous  materia l  conta ining the fungi . Some species  remain viable in desquamated skin sca les  or ha i r for long periods  and contact may be
direct or indi rect via  fomites . There i s  a  genera l  correlation between normal  habi tat and infection with infections  due to anthropophi l i c species ,
tending to be chronic, less  respons ive to treatment and recurrent whi le geophi l i c and zoophi l i c species  are associated with more acute host
response and respond to treatment. However, infection can reoccur, i f the exposure continues . Microsporum canis i s  the most frequent zoophi l i c
species  i solated in the USA. Despi te the name, there are more infected cats  than dogs . In this  case, the cat i s  l ikely infected, which may or may not
be obvious  to the household. As  long as  an individual  continues  in contact with the animal , there may be reinfection. To interrupt this  cycle the
pet wi l l  a l so need treatment. Many of the same drugs  used to treat humans  are used in the treatment of pets . Infection of the smooth skin i s
tinea  corporis . The infection spreads  outward, creating the round appearance indicated by ringworm. The les ion may have a  cleared center and
ra ised erythematous  or ves icular border. Les ions  may overlap giving a  more i rregular border and infections  with anthropophi l i c i solates  genera l ly
have a  less  inflammatory response.

366. The answer is b. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, Ch 46.) Blastomyces dermatitidis, the etiologic agent of blastomycos is , i s  a
thermal ly dimorphic fungus  (see the table in Question 342). In the envi ronment, i t grows  as  a  mold producing conidia . The conidia  are inhaled and
convert to the yeast phase in the lung. The yeast phase i s  characterized by a  broad base between the parent yeast cel l  and the daughter bud. At
25°C in the laboratory, the fungus  grows  as  mold producing conidia . The conidia  are not dis tinctive and look s imi lar to conidia  of other species . On
the other hand, when grown on the appropriate medium at 37°C in the laboratory, the characteris tic yeast form with broad-based budding i s
observed. Like B. dermatitidis, Paracoccidioides brasiliensis produces  conidia  in the mold form that are not dis tinctive in species  identi fi cation, whi le
the multiply-budding yeast form found in ti s sue and a lso grown in the laboratory i s  a  dis tinctive s tructure in cul ture identi fi cation. Hyphae of the
thermal ly dimorphic Coccidioides spp. can produce arthroconidia  in nature and at room temperature in the laboratory. Histoplasma capsulatum, a l so
one of the thermal ly dimorphic fungi  that i s  an agent of systemic disease, produces  both microconidia  and macroconidia  in nature and at room
temperature in the laboratory. The macroconida  are tuberculate and dis tinctive. In ti s sue the organism is  a  smal l  budding yeast cel l  often found
within macrophage. Cryptococcus spp. grow as  encapsulated budding yeast in routine laboratory cul ture and a lso in ti s sue.

367. The answer is d. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 73. Ryan, Ch 5.) Candida albicans i s  a  component of normal  human flora  of mucosa l  (ora l ,
gastrointestina l , and vagina l ) and cutaneous  surfaces . Most infections  are of endogenous  origin at or from these surfaces . There are occas ional
reports  of infections  traced to flora  of hea l th care workers . Because organisms  can be i solated from normal  locations  in the absence of disease,
i solation from these surfaces  (or in contact with a  surface, eg, sputum) must be correlated with cl inica l  symptoms. On the other hand, i solation
from a  s teri le s i te such as  blood i s  s igni ficant. C. albicans i s  thought to reach the blood s tream ei ther by trans location from the gut or from a
catheter in which a  biofi lm has  developed after inoculation from skin organisms  (see the answer to Question 363).

368. The answer is e. (Brooks, Ch 45. Levinson, Ch 48. Murray, Ch 70. Ryan, Ch 44.) Pi tyrias is  vers icolor i s  caused by species  of Malassezia (this  genus  name
is  accepted over Pityrosporum that was  sometimes  used) that are normal  skin flora . In 1996, seven taxa  were recognized, of which M. furfur i s  only
one. Al l  seven species  have been i solated from infection with geographica l  variation. Diagnos is  i s  made by visua l i zation of the fungal  elements
in epidermal  skin sca les  treated with KOH with or without s ta ining. Round yeast cel l s  and hyphae, usual ly short, are present. The mixture of
fungal  elements  has  sometimes  been described as  “spaghetti  and meatbal l s”. Cul ture i s  usual ly not necessary for these normal  flora  species  as
they can be i solated in the absence of disease. Arthroconidia  are dis tinctive s tructures  used in cul ture identi fi cation of Coccidioides spp. In
dermatophyte infections , infected skin and ha i r wi l l  show the presence of hya l ine (clear) hyphae and arthroconidia  with the later particular
abundant in infected ha i r shaft specimens . Dematiaceous  hyphae are found in skin sca les  removed from the superficia l  skin infection tinea  nigra .
Yeast cel l s  with broad-based budding i s  observed in ti s sue infected with Blastomyces dermatitidis.

369. The answer is e. (Brooks, Ch 45. Levinson, Ch 49. Murray, Ch 72. Ryan, Ch 46.) The s i lver-s ta ined s tructure i s  a  parent yeast cel l  wi th multiple buds
(see the table in Question 342). This  i s  a  dis tinctive s tructure found in ti s sue infected with Paracoccidioides brasiliensis, a  dimorphic fungus . This  i s
a lso the form observed in cul ture at 37°C. The mold phase i s  found in the envi ronment and in cul ture at room temperature. The organism is  found
in areas  of Centra l  and South America . The skin test for exposure i s  about equal  for men and women in the endemic areas . However, among
adults  symptomatic disease i s  more than 10:1 in men. After ini tia l  pulmonary infection, there may be a  latent period that may be many years
before additional  pulmonary symptoms and potentia l  dissemination. Whi le dissemination may occur in any organ there i s  predi lection for
mucosa l  ti s sue and les ions  are often seen in the mouth. The organism is  assumed to grow in soi l  and exposure i s  by inhalation of conidia  or
hyphal  fragments . Whi le exposure could be by fomite transmiss ion, the patient was  most l ikely exposed during the period he was  s tationed in
South America . Primari ly in men this  dimorphic fungus  can convert to the yeast forms. Convers ion can be inhibi ted by phys iologica l  levels  of
ergosterol  in women. This  fa i lure to convert i s  the l ikely explanation for the sexual  bias  in symptomatic disease.

370. The answer is a. (Brooks, pp 642-644. Levinson, pp 349-352. Murray, pp 751-759. Ryan, Ch 43.) Candida albicans has  severa l  mechanisms  of res is tance or
reduced susceptibi l i ty to azole class  drugs  (see the table in Question 336). These mechanisms  include changes  in or overexpress ion of the P450
14-α-demethylase and drug efflux pumps. Some res is tant s tra ins  may have a l l  three mechanisms. Res is tance to flucytos ine may reflect a l tered
uptake or change in enzymes  that are involved in metabol i zing the drug to active s tructures . Res is tance to echinocandins  has  been reported
aris ing from mutation in a  subunit in the β-1,3-glucan synthase complex. Res is tance to amphotericin B, which binds  to ergosteriol  can arise from
reduction in the amount of membrane ergosterol  or change in membrane s terol  compos i tion.

371. The answer is b. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 73. Ryan, Ch 45.) Vagini ti s  i s  one of the most frequent reasons  for patient vis i ts  to a
gynecologis t. The most common cause of infectious  vagini ti s  i s  bacteria  (40%-50% cases) with yeast, vulvovagina l  candidias is , accounting for about
40%. Candida albicans i s  the most common cause of yeast vagini ti s . It i s  es timated that about 75% of women in the United States  wi l l  have one
episode of yeast vagina l  infection during chi ldbearing years , which means  mi l l ions  of cases  annual ly. Along with phys ica l  examination,
preparation and examination of a  wet mount of vagina l  discharge i s  uti l i zed. For C. albicans infection, both yeast cel l s  and hyphae and potentia l ly
pseudohyphae (cha ins  of elongated yeast cel l s  that did not separate after cel l  divi s ion) should be observed. C. albi-cans i s  found as  a  component
of normal  flora  of the vagina l  mucosa  in many women; thus  the presence of the organism in cul ture of vagina l  materia l  i s  not sufficient for a
diagnos is  of infection. Trichomonas vaginalis accounts  for 10% to 15% of infectious  vagini ti s  case. Trichomonias is  i s  the most preva lent nonvira l
sexual ly transmitted disease (STD) in the United States  in a  2013 report (Satterwhite et a l . Sex Transm Dis 40:187). This  paras i te i s  usual ly a  marker
of high-ri sk sexual  behavior and may be present with other sexual ly transmitted organisms. Vagina l  smears  are examined for trophozoi tes .

372. The answer is b. (Brooks, Ch 45. Levinson, Ch 50. Murray, Ch 73. Ryan, Chs 45-46.) Immunosuppress ive agents  have reduced the incidence of rejection
of transplanted sol id organs  but have increased ri sk of opportunis tic infection. Fungal  infections , whi le not the majori ty of infections  in these
patients , carry a  high ri sk of morta l i ty. Candida and Aspergillus are respons ible for most of these opportunis tic infections  that can occur within a



month or after severa l  months . A. fumigatus (most common species ) infections  are primary pulmonary infections  that may be a  rapidly necrotizing
pneumonia  with a  potentia l  to disseminate. The organism is  a  mold in the envi ronment and in the host. The hyphae are septate with acute angle,
dichotomous , branching. Candida infections  genera l ly s tart as  candidemia, which may reach the blood s tream by catheters  or trans location from
the gut. C. albicans i s  the most frequent Candida i solate. This  component of normal  flora  i s  genera l ly in the yeast form as  a  commensal  and when
infection occurs  the additional  presence of hyphae and pseudo-hyphae i s  observed. C. glabrata, which i s  seen with increas ing frequency, does  not
form hyphae. Cryptococcus neoformans i s  an encapsulated yeast. Other fungi  have been reported with less  frequency.

373. The answer is a. (Brooks, Ch 45. Levinson, Ch 47. Murray, Ch 69. Ryan, Ch 43.) Polyenes , such as  amphotericin B, bind to ergosterol  in fungal
membranes  and generate ion channels  that affect osmolari ty, membrane integri ty, and a l low leakage of intracel lular contents  (see the table in
Question 336). The polyene i s  not completely selective and binding to cholesterol  in the mammal ian membrane accounts  for most of the toxici ty.

374. The answer is c. (Brooks, Ch 45. Levinson, Ch 47. Murray, Ch 65. Ryan, Ch 41.) Asexual  reproduction involves  only mitos is  and sexual  reproduction
includes  meios is . Meios is  i s  preceded by mating of two compatible mating types  with protoplast and nuclear fus ion. The form of a  fungus  with
sexual  reproduction i s  the teleomorph form, whi le the form that reproduces  asexu-a l ly i s  the anamorph. Some fungi  can reproduce both sexual
and asexual  spores  and in other fungi  the teleomorph form has  ei ther disappeared or not been discovered. Normal ly, the teleomorph name has
precedence. In numerous  cases  with agents  of human disease, the anamorph was  i solated from infection and named before the teleomorph was
identi fied in the laboratory and a lso named. It can be confus ing, particularly to nonmycologis ts , when an organism has  two names. Even for a
fungus  that can reproduce sexual ly, i t i s  practice in the cl inica l  setting to refer to organisms  by thei r asexual  names  as  i solated from cl inica l
materia l . Even with this  practice, molecular taxonomy and further s tudy have led to some name changes . For example, Hortaea werneckii, etiology of
tinea  nigra , has  previous ly been known as  Cladosporium werneckii, Exophiala werneckii, and Phaeoannellomyces werneckii.

(Courtesy of MG Rinaldi, San Antonio, Texas.)



Parasitology

Questions

375. Babes ios is  i s  a  tick-borne disease, caused by intraerythrocytic paras i tes  of the genus  Babesia, resul ting in affecting persons  with mala ise,
nausea, fever, sweats , myalgia , and arthra lgia  and could be confused with Plasmodium falciparum ring form in red cel l s . Infection with Babes ia  has
been most commonly observed in which of the fol lowing?

(Reproduced from the Centers for Disease Control and Prevention. http://www.dpd.cdc.gov/dpdx/html/babesiosis.htm.)

a. AIDS patients
b. Foresters
c. Splenectomized patients
d. Transfus ion recipients
e. Transplant recipients

376. An AIDS patient (CD4 count < 200/μL) presents  to his  primary care phys ician with a  2-week his tory of watery, nonbloody diarrhea. Acid-fast
s ta ining demonstrates  oocysts  in fresh s tool  seen in the figure below. Which of the fol lowing i s  the most l ikely diagnos is?

http://www.dpd.cdc.gov/dpdx/html/babesiosis.htm


(Reproduced from the Centers for Disease Control and Prevention. Public Health Image Library, ID# 7829. http://phil.cdc.gov/phil/details.asp.)

a. Acid-fast baci l l i
b. Enterocytozoon
c. Cryptosporidium
d. Entamoeba histolytica
e. Yeast

377. Flagel late paras i te i s  the cause of vagina l i s  in women in temperate areas . It i s  a  sexual ly transmittable disease. The prominent symptom is
copious  fowl-smel l ing yel low discharge that can be accompanied by cervica l  les ions  and abdominal  pa in. What paras i te does  this  represent?

a. Entamoeba histolytica
b. Trichomonas vaginalis
c. Strongyloides stercoralis
d. Schistosoma mansoni
e. Balantidium coli

378. A 30-year-old female s tores  her contact lenses  in tap water. She notices  deterioration of vi s ion and vis i ts  an ophthalmologis t, who diagnoses
her with severe retini ti s . Cul ture of the water as  wel l  as  vi treous  fluid would most l ikely reveal  which of the fol lowing?

a. Acanthamoeba
b. Babesia
c. Entamoeba coli
d. Naegleria
e. Pneumocystis

379. A young nurse in a  South American ci ty located in the tropics  develops  class ica l  symptoms of malaria . An accurate diagnos is  of the Plasmodium
species  i s  necessary to provide the best treatment to insure recovery and prevent relapse. Sporozoi tes  from a  mosquito bi te rapidly enter l ive cel l s
where asexual  merozoi tes  enter the blood s tream and RBCs  are invaded. This  erythrocytic s tage provides  a  bas is  for laboratory diagnos is . Which
of the diagnostic characteris tics  of P. falciparum i s  best described by the fol lowing?

http://phil.cdc.gov/phil/details.asp


(Reproduced from the Centers for Disease Control and Prevention. http://www.dpd.cdc.gov/dpdx/html/Malaria.htm.)

a. An important diagnostic feature i s  the i rregular appearance of the edges  of the infected red blood cel l
b. A period of 72 hours  i s  required for the development of the mature schizont, which resembles  a  rosette with only 8 to 10 ova l  merozoi tes
c. Except in infections  with very high paras i temia, only ring forms  of early trophozoi tes  and the gametocytes  are seen in the periphera l  blood
d. Schüffner dot s tippl ing i s  routinely seen in red blood cel l s  that harbor paras i tes
e. The s ignet-ring-shaped trophozoi te i s  i rregular in shape with amoeboid extens ions  of the cytoplasm

380. After returning from a  wi lderness  camping outing, severa l  chi ldren report watery, greasy, and foul -smel l ing s tools . The l i fe cycle of the
paras i te respons ible for this  outbreak cons is ts  of two s tages : the cyst and the trophozoi te. Which of the fol lowing i s  the most l ikely identi fi cation
of this  organism?

(A) “Face” and (B) “profi le” of vegetative forms; (C, D) cysts  (binucleate [D] and quadrinucleate s tages). 2000×. (Reproduced, with permission, from
Brooks GF et al. Jawetz’s  Medica l  Microbiology. 24th ed. New York, NY: McGraw-Hill; 2007:660.)

a . Clonorchis
b. Entamoeba
c. Giardia
d. Pneumocystis
e. Trichomonas

http://www.dpd.cdc.gov/dpdx/html/Malaria.htm


381. A working mother takes  her 4-year-old chi ld to a  day-care center. She has  noticed that the chi ld’s  frequent s tools  are nonbloody with mucus
and are foul  smel l ing. The chi ld has  no fever, but does  compla in of “tummy hurting.” The increase of fat in the s tool  di rects  the pediatrician’s
concern toward a  diagnos is  of malabsorption syndrome associated with which of the fol lowing?

a. Amebias is
b. Ascarias is
c. Ba lantidias is
d. Enterobias is
e. Giardias is

382. The proglottid was  purged from the intestina l  tract of an individual  who recently immigrated to United States  from Nicaragua. The proglottid
measured 10 mm in length. What species  does  i t represent?

(Reproduced from the Centers for Disease Control and Prevention. Public Health Image Library, ID# 5259. http://phil.cdc.gov/phil/details.asp.)

a. Diphyllobothrium latum
b. Dipylidium caninum
c. Taenia saginata
d. Taenia solium
e. Echinococcus granulosus

383. Many of the POWs who were held captive in the Far East during the WWII contracted various  paras i tic infections , especia l ly those prisoners
who were forced to work on the infamous  Thai -Burma ra i lway. The tropica l  jungle envi ronment of the Burma (Myanmar) ra i lway project provided
perfect conditions  for development of the infective s tage of a  paras i te larva , which infected the POWs through the soles  of thei r poorly shod feet
as  they worked. In patients  who have this  chronic infection and are on chronic corticosteroid therapy, a  syndrome can occur which resul ts  in high
morta l i ty rates . Which of the fol lowing paras i tes  i s  most l ikely to be the culpri t?

a . Ancylostoma duodenale
b. Ascaris lumbricoides
c. Diphyllobothrium latum
d. Strongyloides stercoralis
e. Taenia solium

384. Severa l  diagnostic tests  for antibodies  to Toxoplasma are di rectly compared for sens i tivi ty and speci fici ty aga inst the sera  of 100 heal thy
adults . Whi le di fferences  are apparent in the accuracy of the tests , i t i s  able to conclude that 80% of those tested have IgG antibodies  aga inst
Toxoplasma. Which of the fol lowing i s  most compatible in helping to expla in this  finding?

a. A variety of paras i tic infections  induce the formation of Toxoplasma antibody
b. The IgM test i s  more rel iable than the IgG test for determination of past infections ; retesting for IgM would show that most people do not have

Toxoplasma antibody
c. The potentia l  for Toxoplasma infection i s  widespread, and the disease i s  mi ld and sel f-l imiting
d. The test for Toxoplasma antibodies  i s  highly nonspeci fic
e. Toxoplasmos is  i s  caused by eating meat; therefore, a l l  meat eaters  have had toxoplasmos is

385. A 32-year-old homosexual  man presents  to his  phys ician with non-bloody, foul -smel l ing, greasy s tools  3 weeks  after travel ing to Mexico.
Whi le certa in enteric protozoan and helminthic infections  have been long related to contaminated food or water, sexual  transmiss ion of these
diseases  has  produced a  “hyperendemic” infection rate among homosexual  males . Which of the fol lowing organisms  i s  the most l ikely etiologic
cause of this  patient’s  diarrhea?

a. Amebias is
b. Ascarias is
c. Enterobias is

http://phil.cdc.gov/phil/details.asp


d. Giardias is
e. Trichurias is

386. Analys is  of a  patient’s  s tool  reveals  smal l  s tructures  resembl ing rice gra ins ; microscopic examination shows  these to be proglottids . Which of
the fol lowing i s  the most l ikely organism in this  patient’s  s tool?

a. Ascaris lumbricoides
b. Enterobius vermicularis
c. Necator americanus
d. Taenia saginata
e. Trichuris trichiura

387. An AIDS patient compla ins  of headaches  and disorientation. A cl inica l  diagnos is  of Toxoplasma encephal i ti s  i s  made, and Toxoplasma cys ts  are
observed in a  bra in section. Which of the fol lowing antibody resul ts  would be most l ikely in this  patient?

a. IgM nonreactive, IgG nonreactive
b. IgM nonreactive, IgG reactive (low ti ter)
c. IgM reactive (low ti ter), IgG reactive (high ti ter)
d. IgM reactive (high ti ter), IgG reactive (high ti ter)
e. IgM reactive (high ti ter), IgG nonreactive

388. A young boy from an impoverished area  in Argentina  presents  to a  publ ic hea l th cl inic with Romana s ign and a  chagoma les ion. Severa l
reduvi id insects  from the home are shown to the heal th care workers . In the chronic s tage of this  disease, where are the main les ions  usual ly
observed?

a. Digestive tract and respiratory tract
b. Heart and digestive tract
c. Heart and l iver
d. Liver and spleen
e. Spleen and pancreas

389. A woman who recently returned from Africa  compla ins  of having paroxysmal  attacks  of chi l l s , fever, and sweating. These attacks  las t a  day or
two at a  time and recur every 36 to 48 hours . Examination of a  s ta ined blood specimen reveals  ringl ike and crescent-l ike forms  within red blood
cel l s . Which of the fol lowing i s  the most l ikely infecting organism?

a. Plasmodium falciparum
b. Plasmodium vivax
c. Schistosoma mansoni
d. Trypanosoma gambiense
e. Wuchereria bancrofti

Questions 390 and 391

390. A young man, who recently returned to the United States  from Vietnam, has  severe l iver disease. Symptoms include jaundice, anemia, and
weakness . Which of the fol lowing i s  the most l ikely etiologic agent shown in the figure below?



(Reproduced from the Centers for Disease Control and Prevention. http://www.dpd.cdc.gov/dpdx/html/clonorchiasis.htm.)

a. Clonorchis sinensis
b. Diphyllobothrium latum
c. Plasmodium falciparum
d. Taenia saginata
e. Taenia solium

391. An intermediate form of the organism shown in the photomicrograph (Question 390) l ives  in which of the fol lowing?

a. Cows
b. Mosquitoes
c. Pigs
d. Sna i l s
e. Ticks

392. A woman who recently traveled through Centra l  Africa  now compla ins  of severe chi l l s  and fever, abdominal  tenderness , and darkening urine.
Her febri le periods  las t for 28 hours  and recur regularly. Which of the fol lowing blood smears  would most l ikely be associated with the symptoms
described?

http://www.dpd.cdc.gov/dpdx/html/clonorchiasis.htm


a. A
b. B
c. C
d. D
e. E

393. A young woman reports  to her phys ician with poss ible urinary tract infection. The doctor finds  the vagina  and cervix tender, inflamed, and
covered with a  frothy yel low discharge. Which of the fol lowing protozoa described in this  case i s  known to exis t only in the trophozoi te s tage?

a. Balantidium coli
b. Entamoeba histolytica
c. Giardia lamblia
d. Toxoplasma gondii
e. Trichomonas vaginalis

394. An international  photographer returns  to the United States  from a  global  picture ass ignment. He i s  seen by his  phys ician, giving his  major
compla int as  diarrhea. Which of the fol lowing can be ruled out?

a. Echinococcus granulosus
b. Dientamoeba fragilis
c. Diphyllobothrium latum
d. Giardia lamblia
e. Leishmania donovani

395. A medica l  technologis t vi s i ts  Scandinavia  and consumes  raw fi sh da i ly for 2 weeks . Six months  after her return home, she has  a  routine
phys ica l  and i s  found to be anemic. Her vi tamin B12 levels  were below normal . Which of the fol lowing i s  the most l ikely cause of her vi tamin B12

deficiency anemia?

a. Cysticercos is
b. Excess ive consumption of i ce-cold vodka
c. Infection with Diphyllobothrium latum
d. Infection with Parvovirus  B19
e. Infection with Yersinia

396. A renal  transplant patient i s  admitted for graft rejection and pneumonia . A routine eva luation of his  s tool  shows  rhabditi form larvae.
Subsequent fol low-up reveals  s imi lar worms in his  sputum. He has  no eos inophi l s  in his  periphera l  ci rculation. Which of the fol lowing i s  the
most l ikely organism?



a. Ascaris lumbricoides
b. Hymenolepis nana
c. Loa loa
d. Necator americanus
e. Strongyloides stercoralis

397. A 56-year-old male immigrant from Bol ivia  compla ins  of abdominal  pa in and cramping. He comments  that 2 months  previous  to his  current
problems, he had numerous  bloody s tools  every day. Phys ica l  findings  include right upper quadrant pa in over the l iver with hepatomegaly, and a
l iver biopsy i s  performed. Which of the fol lowing paras i tes  would most l ikely be identi fied in the l iver biopsy?

a. Acanthamoeba castellanii
b. Ascaris lumbricoides
c. Balantidium coli
d. Entamoeba histolytica
e. Taenia solium

398. Human malaria l  infections  s tart with the bi te of a  mosquito, and patients  may experience the periodic paroxysms  of this  infection due to
events  that occur in the bloodstream. Up to one mi l l ion deaths  worldwide have been estimated annual ly. Which of the fol lowing control  methods
for this  disease i s  currently most effective?

a. Antibiotics
b. A vaccine
c. Chemoprophylaxis
d. Tick repel lents
e. White clothing

399. An African loca l  cl inic reports  seeing increased cases  of centra l  nervous  system (CNS) involvement in patients . Genetica l ly induced changes  in
the glycoprotein coat of which one of the fol lowing organisms  enhances  i ts  escape from the host’s  immune antibody response by having genes
that encode multiple, variant surface glycoproteins?

a. Trichinella spiralis
b. Trichomonas vaginalis
c. Toxoplasma gondii
d. Trypanosoma gambiense
e. Leishmania donovani



400. Human paras i tic amoebas  are usual ly ingested for transmiss ion. In less  acute disease, patients  may experience abdominal  tenderness ,
abdominal  cramps, nausea, vomiting, and diarrhea. Which of the fol lowing best describes  these intestina l  amebas?

a. Infection with E. histolytica i s  l imited to the intestina l  tract
b. They are usual ly nonpathogenic
c. They are usual ly transmitted as  trophozoi tes
d. They can cause peri toni ti s  and l iver abscesses
e. They occur most abundantly in the duodenum

401. Infection with Schistosoma haematobium, based on the presence of eggs  in urine, i s  identi fied in an Egyptian farmer’s  infection, which has
caused dermati ti s , fever, and chronic fi lero-obstructive disease. These symptoms are the resul t of granulomatous  reactions  to the ova  or to
products  of the paras i te at the place of ovipos i tion. Which of the fol lowing cl inica l  mani festations  can be routinely observed in these infections?

(Reproduced from the Centers for Disease Control and Prevention. http://www.dpd.cdc.gov/dpdx/html/Schistosomiasis.htm.)

a. Arthropathies
b. Bladder wal l  hyperplas ia
c. Cardiac abnormal i ties
d. Pulmonary embol ism
e. Hemorrhagic cysti ti s

402. A boy scout troop goes  camping in a  New England forest area  in the late spring. Two weeks  later, severa l  of the boys  present with erythema
migrans  les ions  but no other cl inica l  mani festations . Borrelia burgdorferi, the causative agent of Lyme disease, has  been i solated from a  variety of
ticks  such as  I. scapularis, Amblyomma, Dermacentor, and I. pacificus. Which of the fol lowing s tatements  most accurately describes  Lyme disease?

a. Dermacentor and Amblyomma are s igni ficant vectors  of B. burgdorferi to humans .
b. Dogs  and cats  are natura l ly immune to Lyme disease
c. Ixodes scapularis and I. dammini are di fferent types  of ti cks
d. Only a  smal l  percentage of people who get bi tten by a  tick develop Lyme disease
e. White-ta i led deer, an important reservoir for I. scapularis, are dying because of Lyme disease

403. A male patient in a  tropica l  envi ronment has  eos inophi l ia  during acute inflammatory episodes  of his  i l lness , but this  i s  not cons idered to be
the defini tive diagnostic feature to determine what i s  caus ing his  disease. Transmiss ion of human paras i tes  may occur via  ingestion of
contaminated food, water, sna i l s , a  variety of insects , and poss ibly even through pets  or rat ectoparas i tes . Which of the fol lowing requires  a
mosquito for transmiss ion?

a. Babes ios is
b. Bancroftian fi larias is
c. Dog tapeworm
d. Guinea worm
e. Leishmanias is

404. A Brazi l ian farmer presents  to his  medica l  cl inic with hepatosplenomegaly with ascetic fluid in the peri toneal  cavi ty. His  l iver i s  s tudded with
white granulomas . He i s  treated with praziquantel . Which of the fol lowing organisms  i s  endemic in Africa  and South/Centra l  America  and i s
transmitted by skin penetration (by eggs  with a  large latera l  spine), resul ting in a  dermati ti s  and katayama fever (serum s ickness -l ike syndrome
with fever, lymphadenopathy, and hepatosplenomegaly)?

a. Clonorchis sinensis
b. Paragonimus westermani
c. Schistosoma haematobium
d. Schistosoma japonicum
e. Schistosoma mansoni

405. The adults  in a  vi l lage in southern China  suffer from fever, chi l l s , mi ld jaundice, eos inophi l ia , and l iver enlargement. Which of the fol lowing

http://www.dpd.cdc.gov/dpdx/html/Schistosomiasis.htm


organisms  may be ingested with raw fi sh, often resul ting in an asymptomatic infection but, with a  heavy infection, may cause bi l iary and bi le duct
obstruction and has  an operculated egg?

a. Clonorchis sinensis
b. Paragonimus westermani
c. Schistosoma haematobium
d. Schistosoma japonicum
e. Schistosoma mansoni

406. Which of the fol lowing organisms  i s  endemic in As ia , and has  a  smal l  latera l  egg spine, and in chronic disease may resul t in hepatosplenic
disease, porta l  hypertens ion, and l iver granulomas?

a. Clonorchis sinensis
b. Paragonimus westermani
c. Schistosoma haematobium
d. Schistosoma japonicum
e. Schistosoma mansoni

407. An African rice farmer, who depends  on i rrigation water from a  regional  lake, develops  hematuria  and dysuria  severe enough to have concern
for renal  fa i lure. Which of the fol lowing organisms  has  large terminal  egg spines , may cause a  chronic granulomatous  bladder disease with
urethra l  obstruction, chronic renal  fa i lure, and may be detected via  eggs  in the urine?

a. Clonorchis sinensis
b. Paragonimus westermani
c. Schistosoma haematobium
d. Schistosoma japonicum
e. Schistosoma mansoni

408. Campers  in a  European forest area  drink unfi l tered s tream water and later experience abdominal  cramps  with foul -smel l ing and greasy
stools . Giardia lamblia infection can occur by ingesting as  few as  10 eggs , resul ting in asymptomatic cyst passage, sel f-l imited diarrhea, or chronic
diarrhea with associated malabsorption and weight loss , This  infection i s  best diagnosed by which of the fol lowing?

a. Baermann technique
b. Di lution fol lowed by egg count
c. Enzyme immunoassay (EIA)
d. Us ing a  scotch tape method
e. Sigmoidoscopy and aspiration of mucosa l  les ions

409. Patients  with E. histolytica have an asymptomatic carrier rate greater than 90%. Chronic disease (intermittent bloody diarrhea and abdominal
pa in from months  to years ) i s  often di ffi cul t to dis tinguish from inflammatory bowel  disease. E. histolytica infection i s  best diagnosed by which of
the fol lowing?

a. Baermann technique
b. Di lution fol lowed by egg count
c. EIA
d. Examination of a  cel lophane tape swab
e. Sigmoidoscopy and aspiration of mucosa l  les ions

410. Many patients  with Strongyloides low worm burden are asymptomatic. Ini tia l  infection occurs  by skin penetration and a  pulmonary migration
occurs . Patients  demonstrate dry cough, wheezing, low-grade fever, dyspnea, and hemoptys is . Treatment i s  ava i lable for paras i te eradication.
Which i s  the best method l i s ted below for detecting Strongyloides larvae?

a. Baermann technique
b. Di lution fol lowed by egg count
c. EIA
d. Examination of a  cel lophane tape swab
e. Sigmoidoscopy and aspiration of mucosa l  les ions

411. Ascaris lumbricoides are large worms that have a  complex l i fe cycle in human hosts  involving the digestive system, bloodstream, heart and l iver,
pulmonary ci rculation, and back to the smal l  intestine. Serious  medica l  compl ications  may occur in any of these s i tes  making diagnos is  cri ti ca l .
Ascaris i s  best observed in human specimens  by which one of the fol lowing?

a. Baermann technique
b. Di lution fol lowed by egg count
c. EIA
d. Examination of a  cel lophane tape swab
e. Sigmoidoscopy and aspiration of mucosa l  les ions

412. A butcher develops  a  questionable habi t of eating various  kinds  of raw, ground meat over severa l  years . He eventual ly s tarts  suffering from
fatigue and lymphadenopathy. In his  extens ive phys ica l  examination, intensely white foca l  retina l  les ions  with vi tri ti s  are observed.
Chorioretini ti s  i s  diagnosed, even though an older laboratory test, the Sabin–Feldman dye test, i s  found pos i tive. This  patient i s  found to be
infected with which of the fol lowing?

a. Giardias is
b. Schis tosomias is
c. Toxoplasmos is
d. Trichinos is



e. Viscera l  larva  migrans

413. One week after eating bear meat, a  fur trapper develops  diarrhea, nausea, and vomiting. The next week, he experiences  systemic symptoms of
fever, myalgias , and mala ise. His  doctor notes  periorbi ta l  edema and swol len eyel ids , and laboratory tests  report an eos inophi l ia . He i s
diagnosed with which of the fol lowing?

a. Giardias is
b. Schis tosomias is
c. Toxoplasmos is
d. Trichinos is
e. Viscera l  larva  migrans

414. A newspaper correspondent i s  sent to St Petersburg, Russ ia , to cover pol i ti ca l  events  occurring there. She drinks  only bottled water except on a
s ide trip to the countrys ide to vis i t an old monastery. Two weeks  later and at home, she develops  a  chronic diarrhea where the s tools  are watery,
greasy, and foul  smel l ing. Which of the fol lowing i s  the most l ikely diagnos is?

a. Giardias is
b. Schis tosomias is
c. Toxoplasmos is
d. Trichinos is
e. Viscera l  larva  migrans

415. A reti red a i r force colonel  has  had abdominal  pa in for 2 years ; he makes  yearly freshwater fi shing trips  to Puerto Rico and often wades  with
bare feet into s treams. Which of the fol lowing should be included in the di fferentia l  diagnos is?

a. Giardias is
b. Schis tosomias is
c. Toxoplasmos is
d. Trichinos is
e. Viscera l  larva  migrans

416. A teenager who works  in a  dog kennel  a fter school  for 2 years  has  had a  skin rash, eos inophi l ia , and an enlarged l iver and spleen. Which of
the fol lowing i s  the most l ikely cause of this  infection?

a. Giardias is
b. Schis tosomias is
c. Toxoplasmos is
d. Trichinos is
e. Viscera l  larva  migrans

417. A young woman goes  to her doctor with a  variety of medica l  compla ints . Her mucosa l  surfaces  are tender, inflamed, eroded, and covered with
a  yel low discharge. For one problem, the laboratory reports  the i solation of a  pear-shaped protozoan with a  jerky moti l i ty. This  organism is
observed in which of the fol lowing?

a. Biops ied muscle
b. Blood
c. Duodenal  contents
d. Sputum
e. Vagina l  secretions

418. A hunter, success ful  in his  fi rs t black bear hunt, takes  the meat home to eat. After consuming meals  including bear meat over severa l  weeks ,
two fami ly members  develop a  flu-l ike syndrome and mi ld diarrhea. Severa l  weeks  later, two others  have fever, GI dis tress , eos inophi l ia , muscle
pain, and periorbi ta l  edema. Which of the specimens  l i s ted below would most eas i ly detect the organism respons ible for the cl inica l
presentations  described?

a. Biops ied muscle
b. Blood
c. Duodenal  contents
d. Sputum
e. Vagina l  secretions

419. A fami ly of four goes  on a  vacation for 3 weeks  to Centra l  and South America . They consume the usual  diets  in a l l  the areas  they vis i t,
including raw and pickled crustacean. Weeks  later, two members  produce brown sputum when coughing, hemoptys is , and eos inophi l ia , whi le the
others  are asymptomatic. A ti s sue-dwel l ing trematode caus ing this  may be found in feces  and which of the fol lowing?

a. Biops ied muscle
b. Blood
c. Duodenal  contents
d. Sputum
e. Vagina l  secretions

420. A forest ranger who routinely drinks  untreated s tream water and develops  minor, intermittent diarrhea, which becomes  chronic. Laboratory
examination of severa l  s tools  fa i l s  to determine any speci fic organism. Her phys ician decides  to use the Entero-Test to try to discover the agent
caus ing the symptoms. Cysts  of a  protozoan adhere to a  piece of nylon yarn coi led in a  gelatin capsule, which i s  swal lowed. These cysts  are
usual ly found in which of the fol lowing?

a. Biops ied muscle
b. Blood



c. Duodenal  contents
d. Sputum
e. Vagina l  secretions

421. A person from Nantucket Is land, Massachusetts , develops  fever, fatigue, sweats , and arthra lgia  after hiking with friends  in a  forest. His
phys ician finds  evidence of tick bi tes  that had not been noticed. A paras i te resembl ing malaria  that infects  both animals  and humans  and i s
carried by the same tick that transmits  B. burgdorferi (the Gram-negative spi rochete that causes  Lyme disease) would most l ikely be observed in
which of the fol lowing?

a. Biops ied muscle
b. Blood
c. Duodenal  contents
d. Sputum
e. Vagina l  secretions

422. A patient with AIDS returns  from Haiti  wi th acute diarrhea. The s tool  reveals  an ova l  organism (8-9 μm in diameter) that i s  acid-fast and
fluoresces  blue under ul traviolet l ight. The most l ikely identi fi cation of this  organism is  which of the fol lowing?

a. Cryptosporidium hominis
b. Cyclospora cayetanensis
c. Enterocytozoon bieneusi
d. Giardia lamblia
e. Prototheca wickerhamii

423. A 64-year-old sheepherder from the farming region of centra l  Ca l i fornia  i s  rushed to the emergency room in anaphylactic shock. The his tory, as
told by the ambulance medic, i s  that the man was  hi t in the abdomen during a  barroom brawl . Ul trasound reveals  a  large cyst mass  in the l iver. A
cautious  needle aspi ration of the l iver mass  reveals  “hydatid sand.” Which of the fol lowing i s  the most l ikely agent involved?

a. Ascaris lumbricoides
b. Clonorchis sinensis
c. Echinococcus granulosus
d. Fasciolopsis hepatica
e. Schistosoma mansoni

424. In a  boy from Iraq, a  les ion shown below was  found to be i rri tated, with intense i tching and begins  to enlarge and ulcerate but did heal
spontaneous ly. However, a  permanent scar was  left at the s i te. What would be your diagnos is?

(Reproduced from the Centers for Disease Control and Prevention. Public Health Image Library, ID# 15069. http://phil.cdc.gov/phil/details.asp.)

a. Schistosoma mansoni infection
b. Cutaneous  leishmanias is  (L. tropica)
c. Mucocutaneous  leishmanias is  (L. braziliensis)
d. American trypanosomias is  (T. cruzi)
e. Inflammation due to a  tick bi te

425. A tiny worm was  passed in the s tool  of a  6-year-old chi ld. The chi ld reported perianal  pruri tus , especia l ly at night. The worm measured 10 mm

http://phil.cdc.gov/phil/details.asp


in length and had a  pointed ta i l . The eggs  recovered by “Scotch tape” method. What species  does  i t represent?

a. Ascaris lumbricoides
b. Enterobius vermicularis
c. Necator americanus
d. Schistosoma mansoni
e. Trichuris trichiura

426. A 12-year-old boy, a  recent immigrant from Ethiopia , presented with abdominal  pa in associated with abdominal  dis tention, nausea, and
vomiting. The phys ician noted an enlarged l iver with a  pa lpable mass  in the right upper quadrant of abdomen. Radiology was  ordered;
ul trasonography and computed tomography (CT) revealed a  hepatic cyst. Microscopic examination of a  biopsy specimen confi rmed the diagnos is  of
a  paras i tic infection. What i s  the causative agent of this  disease?

(Reproduced from the Centers for Disease Control and Prevention. Public Health Image Library, ID# 1452. http://phil.cdc.gov/phil/details.asp.)

a. Hymenolepis nana
b. Schistosoma haematobium
c. Echinococcus granulosus
d. Cysticercos is
e. Schistosoma japonicum

427. A 23-year-old woman who was  a  pig farmer in Peru but had l ived in the United States  for over 15 years  presented with a  2-month his tory of
left-s ide weakness  and onset of seizures . An MRI of the patient’s  head revealed cysts  in parieta l  lobe. What i s  your diagnos is?

(Reproduced from the Centers for Disease Control and Prevention. http://www.cdc.gov/parasites/cysticercosis/.)

a. Toxoplasma gondii
b. Entamoeba histolytica
c. Neurocysticercos is
d. Strongyloides stercoralis

http://phil.cdc.gov/phil/details.asp
http://www.cdc.gov/parasites/cysticercosis/


e. Acanthamoeba castellanii



Answers

375. The answer is c. (Brooks, p 680. Levinson, pp 355, 371. Murray [2009], pp 840-841. Garcia [2007], pp 180-185.) Babesia i s  transmitted by ticks  of the
genus  Ixodes. Babesia can be mistaken for Plasmodium spp. (causative organism of malaria) in a  blood smear. Babesia has  severa l  dis tinct
characteris tics  including that the paras i tes  are pleomorphic, often vacuolated, and unl ike malaria l  paras i tes  they are not pigment-producing
organisms. Often a  dividing tetrad form another dis tinguishing feature of Babesia can a lso be seen in the blood smears . Patients  become anemic
and develop hepatosplenomegaly, but patients  who are asplenic are at a  much greater ri sk. Transfus ion recipients , foresters ,
immunosuppressed, and elderly patients  may be at ri sk of acquiring disease but not to the same extent as  those patients  who have been
splenectomized.

376. The answer is c. (Brooks, p 681. Levinson, pp 358-359. Murray [2009], pp 829-830. Ryan, p 702. Garcia [2007], pp 57-73.) The figure presented in the
question shows  Cryptosporidium oocysts  s ta ined with a  modi fied acid-fast s ta in and they are not acid-fast baci l l i . Cryptosporidium oocysts  are
rounded and measure 4.2 to 5.4 μm in diameter. Worldwide, the preva lence of Cryptosporidios is  i s  1% to 4.5% in developed countries  and 3% to
20% in developing countries . Es timated infection rates  in AIDS patients  range from 3% to 20% in the United States  and 50% to 60% in Africa  and
Haiti . Acid-fast s ta ining methods , with or without s tool  concentration, are most frequently used in cl inica l  laboratories . Infection with
Cryptosporidium sp. resul ts  in a  wide range of mani festations , from asymptomatic infections  to severe, l i fe-threatening i l lness . Symptoms can be
chronic and more severe in immunocompromised patients , especia l ly those with CD4 counts  <200/μL.

377. The answer is b. (Garcia [2007], pp 123-130.) Trichomonas vaginalis i s  an important sexual ly transmitted flagel late. An estimated 250 mi l l ion new
cases  of Trichomonias is  occur around the world with nine mi l l ion new cases  in the United States  every year. The paras i te inhabits  predominately
the female lower geni ta l  tract and can a lso be found in the male urethra  and prostate. The paras i te divides  by binary fi s s ion and does  not have a
cyst form and i s  transmitted human to human primari ly by sexual  intercourse. T. vaginalis infection in women is  frequently symptomatic. Vagina l i s
with a  profuse fowl-smel l ing yel low discharge i s  the prominent symptom and can be accompanied by cervica l  les ions  and abdominal  pa in.
Growth of the organism is  favored by high pH >5.9 (normal  pH in vagina  = 3.5-4.5). In males , the infection i s  often asymptomatic but urethri ti s ,
epididymiti s , and prostati ti s  can occur. This  i s  a  case of Trichomonas vaginalis showing a  profuse discharge s temming from the cervica l  os .

378. The answer is a. (Brooks, pp 672, 674. Levinson, pp 355, 371. Murray [2009], pp 803, 844-845. Ryan, p 733.) Acanthamoeba i s  a  free-l iving ameba, as  i s
Naegleria. Naegleria usua l ly causes  severe, often fata l , meningoencephal i ti s , whi le Acanthamoeba i s  i solated from contact lens  fluid and patients
with retini ti s  who do not s tore thei r lenses  under s teri le conditions . Entry of Acanthamoeba into the CNS can occur from skin ulcers  or traumatic
penetration. Diagnos is  i s  by examination of the CNS, which conta ins  trophozoi tes  and RBCs  but no bacteria . Naegleria, a l so a  free-l iving amoeba,
produces  an explos ive, rapid bra in infection. Babesia are widespread animal  paras i tes , transmitted by ticks . Entamoeba coli i s  ingested and invade
the intestina l  epi thel ium. Pneumocystis jiroveci (not P carinii) causes  pneumonia  in immunocompromised patients . This  agent may be an obl igate
member of the normal  flora .

379. The answer is c. (Brooks, pp 674-679. Levinson, pp 361-365. Murray [2009], pp 838-839. Ryan, p 712.) Plasmodium falciparum infection i s  dis tinguished by
the appearance of ring forms  of early trophozoi tes  and gametocytes , both of which can be found in the periphera l  blood. The s i ze of the RBC i s
usual ly normal . Double dots  in the rings  are common. Irregular edges  of the infected RBC do not appear to be a  rel iable or important diagnostic
feature. There are usual ly more than 12 merozoi tes  in P. falciparum-infected RBCs , and these are rare in periphera l  blood. Schüffner dots  are found
in P. vivax and P. ovale infections . Plasmodium falciparum periphera l  smears  show smal l , del icate-appearing ring trophozoi tes . P. vivax and P. ovale
produce thicker and larger ring trophozoi tes .

(A) Ring-form trophozoi tes  of P. falciparum in a  thin blood smear ( B) Ring-form trophozoi tes  of P. vivax in a  thin blood smear. (C) Trophozoi tes  of P.
ovale in a  thin blood smear. (D) Band-form trophozoi tes  of P. malariae in a  thin blood smear. (E) Schizont and ring-form trophozoi te of P. knowlesi in



a thin blood smear. (Reproduced from the Centers for Disease Control and Prevention. http://www.dpd.cdc.gov/dpdx/html/Malaria.htm.)

380. The answer is c. (Brooks, p 660. Levinson, pp 355-358. Murray [2009], pp 824-826. Ryan, pp 745-748.) Giardia exis ts  in both trophozoi te and cyst form.
The “trophs” are fragi le and not commonly seen in s tools . The cysts  are infectious . Giardia i s  the most common paras i tic disease in the United
States . It i s  commonly contracted from drinking cyst-contaminated water. Chlorine does  not ki l l  Giardia cys ts , but contaminated water can be made
cyst-free by fi l tration. Clonorchis i s  a  trematode and has  a  soft-bodied syncytia l  shape (flatworms) and are ca l led flukes . Clonorchis sinensis i s  a  l iver
fluke with a  sna i l  host in i ts  l i fe cycle. Entamoeba are common paras i tes  of the human large intestine and have no flagel la  on the active amoeba.
Pneumocystis was  thought to be a  protozoan but molecular biology s tudies  have proved i t to be a  fungus . Trichomonas are flagel lar protozoa with 3
to 5 anterior flagel la  and an undulating membrane.

381. The answer is e. (Brooks, p 660. Levinson, pp 357-358. Murray [2009], pp 824-826. Ryan, pp 745-748.) Giardia lamblia i s  the only common protozoan
found in the duodenum and jejunum. Trophozoi tes  are commonly found in the duodenum and do not penetrate the ti ssues . Four nuclei  cysts
(infective s tage) can remain viable for up to 4 months . Excystation i s  via  digestive enzymes. The mechanica l  i rri tation to ti ssues  leads  to diarrhea,
with increased fat and mucus  in the foul -smel l ing s tool . Malabsorption syndrome (vi tamin A and fats ) leads  to weight loss , anorexia , electrolyte
imbalance, and abdominal  cramps. Chi ldren and immunocompromised individuals  are most s igni ficantly affected. Giardias is  should be
cons idered in the di fferentia l  diagnos is  of any “traveler’s  diarrhea.” Entamoeba species  are common paras i tes  of the human large intestines .
Mucosa l  surfaces  have discrete ulcers . Trophozoi tes  and RBCs  are found in l iquid s tools  and can be identi fied by microscopy. Ascaris lumbricoides i s
a  common roundworm found in the smal l  intestine with larvae in the lungs . Balantidium coli i s  the largest intestina l  protozoan found in humans . It
i s  a  ci l iated, ova l  organism 60 × 45 μm or larger. Cysts  are passed in human s tools  and infections  occur in areas  of poor sani tation and crowding.
Enterobius vermicularis i s  the common pinworm, with an anal–ora l  transmiss ion (sel f-contamination occurs  regularly in chi ldren).

382. The answer is c. (Garcia [2007], pp 357-380.) A number of branches  in the uterus  are diagnostic for T. saginata (beef tapeworm) and T. solium (pork
tapeworm). T. saginata has  15 to 20 branches  on each s ide (A) and T. solium has  7 to 13 (B). Humans  acquire the T. saginata infection by ingesting
undercooked beef conta ining infective larva l  cysts  (cysticerci ). T. solium infection i s  contracted by humans  when they eat undercooked pork
conta ining cysticerci . Both beef tapeworm and pork tapeworm can, in the adult form, cause dis turbances  of intestina l  function. In addi tion, T.
saginata, because of i ts  large s i ze, may produce acute intestina l  blockage. Unl ike T. saginata, T. solium produces  cysticercos is , which could resul t in
serious  disease in humans . In T. saginata, the cysticercus—encysted larvae s tage—develops  only in cattle.

http://www.dpd.cdc.gov/dpdx/html/Malaria.htm


(Reproduced from the Centers for Disease Control and Prevention. Public Health Image Library, (A) ID# 5259 and (B) ID #4835. http://phil.cdc.gov/phil/details.asp.)

383. The answer is d. (Garcia [2007], pp 271-282.) The tropica l  jungle envi ronment of the Burma ra i lway project provided perfect conditions  for
development of the fi lari form Strongyloides larvae, which infected the POWs through the soles  of thei r poorly shod feet as  they worked. This
roundworm has  a  complex l i fe cycle and the paras i te can complete i ts  l i fe cycle via  a  free-l iving cycle or one of the two kinds  of paras i tic cycles .
The principa l  defini tive hosts  of S. stercoralis are humans  but infection in dogs  can a lso be establ i shed. As  long as  the patient i s  infected, which
can be for severa l  decades , the infection remains  transmiss ible. Transmiss ion occurs  predominantly in tropica l  and subtropica l  areas  but can
also be found in countries  with temperate envi ronments  including the Southeastern United States . S. stercoralis in humans  usual ly produces  an
asymptomatic chronic infection of the gastrointestina l  tract that can remain undetected for severa l  decades . In some patients , a  hyperinfection
syndrome can develop with the dissemination of larvae to extra intestina l  organs  and that can resul t in morta l i ty rates  exceeding 80%. Risk factors
and predispos ing conditions  include: immunosuppress ive therapies  with corticosteroids , HTLV-1 infection, organ transplantation, and
malnutri tion.

http://phil.cdc.gov/phil/details.asp


(Reproduced from the Centers for Disease Control and Prevention. Public Health Image Library, ID# 1547. http://phil.cdc.gov/phil/details.asp.)

384. The answer is c. (Brooks, pp 682-683. Levinson, pp 365-366, 518. Murray [2009], pp 841-844. Ryan, pp 722-727.) Serologic tests , such as  the Sabin–
Feldman dye test and indirect immunofluorescence, have shown that a  high percentage of the world’s  population has  been infected with T. gondii.
In adul ts , cl inica l  toxoplasmos is  usual ly presents  as  a  benign syndrome resembl ing infectious  mononucleos is . However, feta l  infections  are
often severe and associated with hydrocephalus , chorioretini ti s , convuls ions , and death. Acute toxoplasmos is  i s  best diagnosed by an IgM
capture assay. In most patients , speci fic IgM antibody disappears  within 3 to 6 months . Obvious ly, Toxoplasma infection i s  widespread in animal
and bi rd hosts  but does  not appear to cause disease in them. Congenita l  infection occurs  only when the nonimmune mothers  are infected during
pregnancy. Most human infections  are asymptomatic. Fata l  infections  may develop in AIDS patients . Toxoplasma antigens  do not appear to cross -
react with many of the other paras i tes ’ antigens . IgM and IgG antibodies  can be detected with equal  rel iabi l i ty. IgM levels  drop eventual ly whi le
IgG antibodies  may be measured for years . The diagnostic test for Toxoplasma, in order to be approved for use, must be highly speci fic and
sens i tive. There i s  no evidence that Toxoplasma i s  spread by water.

385. The answer is d. (Brooks, p 660. Levinson, pp 357-358. Murray [2009], pp 824-826. Ryan, pp 745-748. Toy, p 314.) The infection rate with G. lamblia in
male homosexuals  has  been reported to be from 21% to 40%. These high-preva lence rates  are probably related to three factors : the endemic rate,
the sexual  behavior that faci l i tates  transmiss ion (the usual  barriers  to spread have been interrupted), and the frequency of exposure to an
infected person. Amebias is  i s  infection with amoebas  and asymptomatic cyst carriers  exis t, forming part of a  pool  that potentia l ly could contribute
to this  problem. However, the foul -smel l ing greasy s tools  point to Giardia. Ascaris i s  a  nematode worm that a lso inhabits  the intestine of
vertebrates . This  l i fe cycle includes  swal lowing eggs  (from contaminated water), hatching of eggs  in the intestine, migration of nematode to the
lungs , and fina l ly reaching the duodenum. Diarrhea episodes  do not appear to be routinely reported in this  infection. Enterobius vermicularis
infections  are noted for peri recta l  i rri tation and pruri ti s , not diarrhea episodes . Trichurias is  (whipworm) transmiss ion i s  via  feca l ly contaminated
soi l , not person to person.

386. The answer is d. (Brooks, pp 686, 690. Levinson, pp 373-376. Murray [2009], pp 881-884. Ryan, pp 793-795. Toy, pp 314, 332.) Enterobius (pinworm), Ascaris
(roundworm), Necator (hookworm), and Trichuris (whipworm) are roundworms, or nematodes . Taenia saginata (tapeworm), a  segmented flatworm,
affects  the smal l  intestine of humans . Tapeworm segments , ca l led proglottids, appear in the s tool  of infected persons . The Taenia group of
tapeworms are cons idered to be the large (3-10 m in length) ones  that infect humans . “Meas ly pork” conta ins  bladderl ike larvae (cysticerci ) which
are the s i ze of rice gra ins . These develop into giant tapeworms in the intestine and egg-fi l led terminal  proglottids  break off and are el iminated in
the feces . Ascaris lumbricoides, the giant roundworm of humans , infects  more than one bi l l ion people. Enterobius vermicularis i s  the pinworm, where
anal  i rri tation causes  anal–ora l  transmiss ion by contaminated fingers . Necator species  are hookworms which enter skin di rectly from infected soi l ;
the other important species  of hookworms i s  Ancylostoma duodenale. Hookworms infect over a  bi l l ion people worldwide. Iron deficiency anemia
(caused by blood loss  at the s i te of intestina l  attachment of the adult worms) i s  the most common symptom of hookworm infection. Trichuris
(whipworm) a lso i s  transmitted by ingestion of eggs  from feces-contaminated soi l .

387. The answer is b. (Brooks, pp 682-683. Levinson, pp 365-366, 518. Murray [2009], pp 841-844. Ryan, pp 722-727.) One of the leading causes  of death
among AIDS patients  i s  CNS toxoplasmos is . It i s  thought that Toxo-plasma infection i s  a  resul t of reactivation of old or preexis ting toxoplasmos is .
Occas ional ly, the infection may be acquired by needle sharing. Because the disease i s  a  reactivation of old or preexis ting toxoplasmos is , routine
quanti tative tests  for IgM antibody are usual ly negative, and IgG ti ters  are low (≤1:256, IFA). More sophis ticated methods , such as  IgM capture or
IgG avidi ty, may reveal  an acute response.

388. The answer is b. (Brooks, pp 663-666. Levinson, pp 366-368. Murray [2009], pp 850-852. Ryan, pp 695, 757-760.) American trypanosomias is  (Chagas
disease) i s  produced by T. cruzi, which i s  transmitted to humans  by the bi te of an infected reduvi id bug. They are introduced when infected bug
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feces  are rubbed into the conjuctiva , the bug bi te, or a  break in the skin. Infants  are often infected and demonstrate a  uni latera l  swel l ing of the
eyel ids  (Romana s ign). Romana s ign i s  a  marker of acute Chagas  disease. The swel l ing i s  due to bug feces  being accidenta l ly rubbed into the eye,
or because the bi te wound was  on the same s ide of the chi ld’s  face as  the swel l ing. After multipl ication, the ti ssues  most l ikely to be affected in
the chronic s tage of the disease are the cardiac muscle fibers  and the digestive tract. A di ffuse inters ti tia l  fibros is  of the myocardium resul ts  and
may lead to heart fa i lure and death. The inflammatory les ions  in the digestive tract that are seen in the esophagus  and colon produce
cons iderable di latation. Chagas  disease has  not been an important disease in the United States ; most cases  have been imported, a l though there
are a  few reports  of endogenous  disease in the southern United States . The other organs  may be affected, but not at the rate the heart and
digestive tract are invaded.

389. The answer is a. (Brooks, pp 674-679. Levinson, pp 361-365. Murray [2009], pp 835-839. Ryan, p 712.) The febri le paroxysms of Plasmodium malariae
malaria  occur at 72-hour interva ls ; those of P. falciparum and P. vivax malaria  occur every 48 hours . The paroxysms usual ly las t 8 to 12 hours  with P.
vivax malaria  but can las t 16 to 36 hours  with P. falciparum di sease. In P. vivax, P. ovale, and P. malariae infections , a l l  s tages  of development of the
organisms  can be seen in the periphera l  blood; in mal ignant tertian (P. falciparum) infections , only early ring s tages  and gametocytes  are usual ly
found. Schistosoma, Trypanosoma, and Wucheria infections  do not present with periodic symptoms in thei r disease progress ions .

390. The answer is a. (Brooks, pp 692-693. Levinson, p 382. Murray [2009], pp 874-875. Ryan, pp 807-808.) The Chinese l iver fluke, C. sinensis, i s  a  paras i te of
humans  that i s  found in Japan, China, Korea, Ta iwan, and Indochina. An estimated 25 mi l l ion people in the Far East are infected. Up to one fourth
of Chinese immigrants  to the United States  harbor this  fluke. Ingestion of contaminated raw, undercooked, frozen, sa l ted or dried fresh water fi sh
is  the source of infection—cooking contaminated fi sh i s  the most effective way of el iminating the paras i te on individual  bas is . Most pathologic
mani festations  resul t from inflammation and intermittent obstruction of the bi l iary ducts .

In the acute phase, abdominal  pa in, nausea, diarrhea, and eos inophi l ia  can occur. In long-s tanding infections , ga l l  bladder/bi l iary duct
involvement i s  common (eg, cholangi ti s , cholel i thias is ), pancreati ti s , and cholangiocarcinoma can develop, which may be fata l . Praziquantel  i s
the drug of choice. Diphyllobothrium latum, the fi sh tapeworm, travels  from copepod to frog to water sna i l  or rodent to a  carnivore. D. latum absorbs
vi tamin B12, caus ing a  host vi tamin deficiency. Plasmodium species  are transmitted via  a  mosquito vector. Taenia species  are transmitted by
ingestion of under-cooked, larvae-conta ining beef or pork.

391. The answer is d. (Brooks, pp 692-693. Levinson, p 382. Murray [2009], pp 874-875. Ryan, pp 807-808.) The l i fe cycle of C. sinensis i s  s imi lar to that of
other digenetic trematodes . A sna i l  i s  characteris tica l ly the fi rs t intermediate host of trematodes . Cows  and pigs  are intermediate hosts  for Taenia
species . Mosquitoes  serve as  intermediate hosts  for Plasmodium species . Ticks  are not intermediate hosts  for Clonorchis species .

392. The answer is b. (Brooks, pp 674-679. Levinson, pp 361-365. Murray [2009], pp 838-839. Ryan, pp 711-722.) The case his tory presented in the question i s
characteris tic of infection with P. falciparum, the causative agent of mal ignant tertian malaria . The long duration of the febri le s tage rules  out
other forms  of malaria . The presence of ringl ike young trophozoi tes  and crescent-l ike mature gametocytes—as  represented in the i l lus tration
below—as wel l  as  the absence of schizonts  i s  diagnostic of P. falciparum malaria . Answer option A represents  only RBCs  and C represents
trypanosomes  and RBCs . Choice D represents  a  microfi larium and RBCs  whi le E exhibi ts  crenel lated RBCs  (round RBCs  into shrunken, s tarry forms).



(Reproduced from the Centers for Disease Control and Prevention. Public Health Image Library, ID# 5856. http://phil.cdc.gov/phil/details.asp.)

393. The answer is e. (Brooks, pp 661-662. Levinson, pp 356-360. Murray [2009], pp 826-827. Ryan, pp 742-745.) Trichomonas vaginalis i s  the only protozoan
l i s ted where the trophozoi te i s  the diagnostic and infective s tage that feeds  on the mucosa l  surface of the vagina  (bacteria  and leukocytes ). The
trophozoi te possesses  a  short, undulating membrane (one-hal f of the body) and four anterior flagel la . No cyst s tage exis ts . A pers is tent vagina l i s
with a  frothy and foul -smel l ing discharge with burning, i tching, and increased frequency of urination i s  common. Balantidium coli i s  a  large ci l iated
protozoan paras i te. Entamoeba histolytica i s  an intestina l  amoeba. Giardia lamblia i s  a  flagel lated protozoan found in the duodenum and jejunum of
humans . Toxoplasma gondii i s  a  coccidian protozoan especia l ly important in congenita l  infections  when the pregnant woman becomes  infected
during pregnancy.

394. The answer is a. (Brooks, pp 686t, 694. Levinson, pp 378-382. Murray [2009], pp 886-887. Ryan, pp 799-801.) Echinococcus granulosus causes  hydatid
disease. The defini tive hosts  are dogs . Sheep, cattle, and humans  are intermediate hosts . The adult tapeworm does  not occur in humans . In the
herbivores  (infected by grazing where eggs  have been depos i ted by carnivore feces) the eggs  hatch and release hexacanths . These penetrate the
gut and pass  to other ti s sues  (l iver, vi scera , muscle, and bra in). Humans  are only infected from dog feces  and develop hydatid cysts , as  described
for herbivores . Diarrhea, therefore, does  not occur with E. granulosis human infections , whereas  the other four choices  can routinely present with
diarrhea.

395. The answer is c. (Brooks, pp 695. Levinson, pp 376-377. Murray [2009], pp 884-886. Ryan, pp 797-798.) Consumption of raw fi sh causes  endemic
diphyl lobothrias is  in Scandinavia  and the Ba l tic countries . Whi le most people do not become i l l , a  smal l  percentage (2%) develops  vi tamin B12

deficiency anemia. The adult fi sh tapeworm has  an affini ty for vi tamin B12 and may induce a  serious  megaloblastic anemia. Parvovi rus  B19 causes
acute hemolytic anemia  primari ly in immunosuppressed patients . Yersinia infection i s  common in Scandinavia  but i s  not fi sh-borne and does  not
cause anemia. The larva l  s tage of T. solium i s  ca l led cysticercus. Humans  usual ly acquire cysticercos is  by ingestion of food and water contaminated
by infected human feces . Excess ive consumption of i ce-cold vodka may lead to headaches  and memory loss , but otherwise has  nothing to do with
paras i temia.

396. The answer is e. (Brooks, pp 688-691. Levinson, pp 387, 390. Murray [2009], pp 860-862. Ryan, pp 763, 774-777. Toy, p 314.) Strongyloidias is  i s  endemic in
Southeast As ia , Latin America , sub-Saharan Africa , and parts  of the southeastern United States . Hyperinfection occurs  when the rhabditi form
larvae transform into fi lari form larvae in the gastrointestina l  tract, which then penetrate the peri recta l  skin or the wal l  of the intestine and ga in
access  to the bloodstream. Dissemination to the lungs , l i ver, CNS, and other organs  leads  to severe inflammation and organ dys function. The
prognos is  for patients  with hyperinfection syndrome is  poor, with morta l i ty rates  exceeding >80% in some reports . Defini tive diagnos is  depends
on the demonstration of S. stercoralis larvae in s tool , duodenal  fluid, or ti s sue specimens . Gram sta ining of sputum and/or bronchoalveolar lavage
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fluid samples  may be useful  for patients  with hyperinfection syndrome. Necator must be dis tinguished from Strongyloides by microscopy. Gross
appearances  are s imi lar. Ascaris i s  a  common roundworm which can be found in the smal l  intestine and lungs , but not in a l l  body fluids .
Hymenolepis species  are tapeworms, found only in the smal l  intestine. Loias is  i s  an infection transmitted by the bi te of deer fl ies  found in
equatoria l  Africa . They invade subcutaneous  ti ssue and are migratory. Microfi lariae are a lso found in the blood.

397. The answer is d. (Brooks, pp 669-672. Levinson, pp 354-357, 517. Murray [2009], pp 822-824. Toy, p 314.) Entamoeba histolytica i s  a  pathogenic species
that i s  capable of caus ing disease, such as  col i ti s  or l iver abscess , in humans . Entamoeba dispar i s  indis tinguishable from E. histolytica by usual
laboratory tests  but only exis ts  in humans  as  an asymptomatic carrier s tate and does  not cause col i ti s . Infection with E. histolytica i s  preva lent in
Centra l  and South America , southern and western Africa , the Far East, and India . Poor sani tation and lower socioeconomic conditions  favor the
spread of the disease. In the United States , those who travel  to endemic areas , homosexual  males , and insti tutional i zed persons  are at
increased ri sk of infection. Acanthamoeba species  are free-l iving amebas  in soi l  and water and usual ly cause infections  of skin, encephal i ti s , and
keri ti ti s . Ascaris i s  a  nematode and i s  transmitted by ingestion. They hatch in the smal l  intestine, and larvae migrate to the pulmonary a lveol i .
From here, they induce a  cough and are swal lowed by the host, maturing in the smal l  intestine. Balantidium coli i s  a  ci l iate, infecting the l ining of
the large intestine, cecum, and terminal  i l ium. Taenia species  (beef and pork) are ingested in undercooked meat. Only T. solium (pork) may
occas ional ly involve l iver i f cysticercos is  occurs .

398. The answer is c. (Brooks, pp 674-680. Levinson, pp 361-365. Murray [2009], pp 835-838. Ryan, pp 711-722.) Prophylaxis  for malaria  should be cons idered
whenever a  person i s  travel ing in a  malaria-endemic area. Most drugs  used in treatment are active aga inst the paras i te forms  in the blood (the
form that causes  disease) and include: chloroquine, sul fadoxinepyrimethamine, mefloquine, atovaquone-proguani l , quinine, artemis inin
derivatives  (not l i censed for use in the United States , but often found overseas). The WHO recommends  intravenous  artesunate as  the treatment
of choice for severe malaria  in adul ts  and chi ldren in areas  of low transmiss ion. Other control  measures  such as  dra ining swamps, protective
clothing and netting, and insect repel lents  are a lso effective. There i s  no currently ava i lable vaccine for malaria . Tick repel lents  would not be
useful  s ince only mosquitoes  are malaria l  vectors .

399. The answer is d. (Brooks, pp 663-668. Levinson, pp 366-369. Murray [2009], pp 848-852. Ryan, p 902.) African trypanosomias is  (s leeping s ickness ) i s
caused by T. brucei gambiense and T. brucei rhodesiense and transmitted by tsetse fl ies . From the fly’s  sa l ivary glands , the trypomastigotes  enter the
host’s  blood and lymph and eventual ly the CNS. The trypomastigotes  reproduce by binary fi s s ion and are infective for bi ting tsetse fl ies . During the
course of trypanosome infection, the number of paras i tes  in the blood and lymph ti ssues  fluctuates  according to the host’s  immune response. An
increase in paras i te number i s  related to the prol i feration of paras i te sub-populations  that express  an antigenica l ly new or variant glycoprotein
coat. Each paras i te carries  genes  encoding multiple, variant surface glycoproteins  (VSG) with only one VSG being expressed at any one time. These
changes  lead to evas ion of the immune system and produce chal lenges  for vaccine development. The other paras i tes  l i s ted do not exhibi t this
abi l i ty to change surface glycoproteins .

400. The answer is d. (Brooks, pp 669-671. Levinson, pp 354-357, 517. Murray [2009], pp 822-824. Ryan, pp 733-738.) Of the intestina l  amebas , E. hartmanni, E.
coli, E. polecki, and E. nana are cons idered nonpathogenic. Entamoeba histolytica i s  dis tinctively characterized by i ts  pathogenic potentia l  for humans ,
a l though infection with this  protozoan i s  commonly asymptomatic (caus ing “heal thy carriers”). Symptomatic amebias is  and dysentery occur when
the trophozoi tes  invade the intestina l  wal l  and produce ulceration and diarrhea. Peri toni ti s  can occur, with the l iver the most common s i te of
extra intestina l  disease. The l i fe cycle of the ameba i s  s imple by comparison. There i s  encystment of the troph, fol lowed by excystation in the
i leoceca l  region. The trophs  multiply and become establ i shed in the cecum, where encystation takes  place and resul ts  in abundant amebas , cysts ,
and trophozoi tes . Infection i s  spread by the cysts , which can remain for weeks  or months  in appropriately mois t surroundings .

401. The answer is e. (Brooks, pp 665, 688. Levinson, pp 379-382. Murray [2009], pp 876-879. Ryan, pp 803, 808-813.) Three major species  of blood flukes
(Schistosoma mansoni, S. japonicum, and S. haematobium) cause the disease schis tosomias is . The pos i tion of spines  in thei r eggs  i s  speci fic for each
schis tosome species . This  disease i s  endemic in 74 developing countries  and an estimated 200 mi l l ion infected and 800 mi l l ion people are at ri sk
of acquiring schis tosomias is . Intestina l  schis tosomias is  i s  caused by S. mansoni. Orienta l  or As iatic intestina l  schis tosomias is  i s  caused by the S.
japonicum and urinary schis tosomias is , caused by S. haematobium. Major Pathology of schis tosomias is  i s  due to immunologica l  reactions  to
Schistosoma eggs  trapped in ti s sues . Antigens  released from the egg s timulate a  granulomatous  reaction comprised of T cel l s , macrophages , and
eos inophi l s  that resul ts  in cl inica l  disease. Continuing infection may cause granulomatous  reactions  and fibros is  in the affected organs , which
may resul t in mani festations  that include: porta l  hypertens ion and hepatosplenomegaly (S. mansoni, S. japonicum). Cysti ti s  and urethri ti s  (S.
haematobium) wi th hematuria , which can progress  to bladder cancer. Control  s trategies  for schis tosomias is  include: mass  treatment with
praziquantel  in the community, introduction of publ ic hygiene programs (safe water supply, sani tary disposa l  of excreta , flushable toi lets ) and
snai l  eradication programs. Currently there i s  no vaccine aga inst this  disease.



(Reproduced from the Centers for Disease Control and Prevention. http://www.dpd.cdc.gov/dpdx/html/Schistosomiasis.htm.)

402. The answer is d. (Brooks, pp 337-339. Levinson, pp 176-177. Murray [2009], pp 411-414. Ryan, pp 434-437.) In the United States , B. burgdorferi, the
causative agent of Lyme disease, has  two principa l  vectors : I. scapularis in the eastern and midwestern United States  and I. pacificus in the western
United States . The ticks  are tiny and can eas i ly be missed. Fortunately, relatively few people who are bi tten by ticks  develop Lyme disease. Lyme
disease, usual ly with joint involvement, i s  a l so seen in veterinary patients  such as  dogs , cats , and horses . White-ta i led deer and smal l  rodents
are an important reservoir for these ticks . B. burgdorferi has  been i solated from mosquitoes  and Dermacentor and Amblyomma ti cks , as  wel l  as  from
severa l  Ixodes species . However, the i solation of the bacterium from these ticks  i s  not sufficient evidence to indicate that they transmit the
disease to humans .

403. The answer is b. (Brooks, pp 687, 692. Levinson, pp 392-393. Murray [2009], pp 863-865. Ryan, pp 695-779, 784-785.) Wuchereria bancrofti i s  the cause of
bancroftian fi larias is  or fi laria l  elephantias is . Control  of the mosquito vectors  (culex, anopheles , and Aedes) i s  the most s igni ficant mechanism to
control  human infections . A disease of the tropics  and subtropics , adul ts  l ive in the lymphatics  of a  host and cause lymph blockage of the feet,
arms, geni ta ls , and breasts . Enlargement of the affected body part (elephantias is ) can then occur. Babes ios is  i s  caused by tick-borne Babesia
microti. Leishmanias is  i s  spread by a  sandfly (Phlebotomus) vector. Guinea worms (Dracunculus medinensis) has  an aquatic l i fe cycle involving
copepods  (water fleas ). Dog tapeworms would routinely be transmitted by feca l  contamination.
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(Reproduced from the Centers for Disease Control and Prevention. Public Health Image Library, ID# 373. http://phil.cdc.gov/phil/details.asp.)

404 to 407. The answers are 404-e, 405-a, 406-d, and 407-c. (Brooks, pp 685, 688, 693. Levinson, pp 379-382. Murray [2009], pp 871-880. Ryan, pp 803, 809-813.)
The l i fe cycle of the medica l ly important trematodes  (or flukes) involves  a  sexual  cycle in humans  and an asexual  cycle in sna i l s . The
schis tosomes  can penetrate the skin, whereas  Clonorchis and Paragonimus are ingested, usual ly in fi sh or seafood. These flukes  can be eas i ly
di fferentiated morphologica l ly by the appearance of the egg. Schis tosome eggs  have an identi fiable spine, and both Clonorchis and Paragonimus
eggs  are operculated; that i s , they have what appears  to be a  cover that opens . Serologica l  tests  are not useful . Many patients  with
schis tosomias is  are asymptomatic, but disease may become chronic, resul ting in mala ise, diarrhea, and hepatosplenomegaly (an enlarged l iver
and spleen). Clonorchis infection usual ly causes  upper abdominal  pa in but can a lso cause bi l iary tract fibros is . Paragonimias is  i s  characterized by
a  cough, often with bloody sputum, and pneumonia . Praziquantel  i s  the treatment of choice for these flukes .

408 to 411. The answers are 408-c, 409-e, 410-a, and 411-b. (Brooks, pp 660-662, 669-674. Levinson, pp 357-358, 390. Murray [2009], pp 821-826, 853-855, 860-
862. Ryan, pp 695-696, 733-738, 745-748, 769-771, 774-777. Toy, p 332.) It i s  not uncommon that repeated s tool  specimens  do not reveal  the suspected
paras i te. Also, microscopic analys is  of s tool  may not reveal  paras i te load when such data  are necessary. For these reasons , other techniques  are
avai lable to identi fy paras i tes  as  wel l  as  to quanti tate them. A Scotch Tape method i s  used for diagnos is  of Enterobius vermicularis (pinworms).

The diagnos is  of giardias is  i s  usual ly made by detecting trophozoi tes  and cysts  of G. lamblia in consecutive feca l  specimens . Al ternatively, a
gelatin capsule on a  s tring (enterotest) can be swal lowed, passed to the duodenum, and then retrieved after 4 hours . The s tring i s  then examined
for Giardia. A recent innovation i s  the introduction of an EIA for G. lamblia. The EIA i s  more sens i tive than microscopy, can be performed on a  s ingle
stool  specimen, and does  not depend on the presence of enti re trophozoi tes  and cysts .

During s igmoidoscopy, a  curette or suction device may be used to scrape or aspi rate materia l  from the mucosa l  surface. A di rect mount of this
materia l  should immediately be examined for E. histolytica trophozoi tes , and then a  permanent s ta in made for subsequent examination.

The Baermann technique may be helpful  in recovering Strongyloides larvae (See Figure on the next page). The picture i s  of a  rhabditoid larva  of S.
stercoralis in an unsta ined wet mount of s tool . Notice the rhabditoid esophagus  (white arrow) and prominent geni ta l  primordium. Essentia l ly, feca l
materia l  i s  placed on damp gauze on the top of a  glass  funnel  that i s  three-quarters  fi l led with water. The larvae migrate through the damp gauze
and into the water. The water may then be centri fuged to concentrate the Strongyloides.

Worm burdens  may be estimated by a  number of microscopic methods . Whi le not often done, such procedures  may provide data  on the extent
of infection or the efficacy of treatment of hookworms, Ascaris, or Trichuris. Thi rty thousand Trichuris eggs  per gram, 2000 to 5000 hookworm eggs  per
gram, and one Ascaris egg are cl inica l ly s igni ficant and suggest a  heavy worm burden.

A cel lophane tape swab i s  used to trap pinworms crawl ing out of the anus  during the night. The tape i s  then examined microscopica l ly for
Enterobius.
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412. The answer is c. (Brooks, pp 682-684. Levinson, pp 365-366. Murray [2009], pp 841-844. Ryan, pp 695-696, 723-727, 746-748, 779-784, 809-813.)
Toxoplasmos is  i s  genera l ly a  mi ld, sel f-l imiting disease; however, severe feta l  disease i s  poss ible i f pregnant women ingest Toxoplasma oocysts .
Consumption of uncooked meat may resul t in ei ther an acute toxoplasmos is  or a  chronic toxoplasmos is  that i s  associated with serious  eye
disease. Most adults  have antibody ti ters  to Toxoplasma, and thus  would have a  pos i tive Sabin–Feldman dye test. The Sabin–Feldman dye test
measures  antibodies  that render the membrane of l iving T. gondii impermeable to methylene blue (no s ta ining occurs ). It i s  being replaced by IFA
and ELISA tests . Whi le we usual ly think of in utero infections  of a  developing fetus  and the subsequent medica l  di ffi cul ties  of the newborn infant,
an equal ly important source of human exposure i s  raw or undercooked meat in which infective ti ssue cysts  are frequently found. When a  ti s sue
cyst ruptures , numerous  bradyzoi tes  are released and grow, caus ing chorioretini ti s , myocardi ti s , and polymyos i ti s . Treatment i s  with
pyrimethamine and sul fadiazine. Schis tosomias is  i s  caused by blood flukes  whose cercariae (larvae) penetrate skin in sna i l -infested water.
Trichinos is  i s  caused by the trichina  worm whose larvae are found in uncooked pork. Cutaneous  larva  migrans  cons is ts  of subcutaneous  migrating
larvae of hookworms. Viscera l  larva  migrans  i s  a  condition in humans  caused by the migratory larvae of certa in nematodes , humans  being a
terminal  host. Nematodes  caus ing such zoonotic infections  are Toxocara canis, Toxocara cati, and Ascaris suum. Larva  currens  i s  an i tchy, cutaneous
condition caused by infections  with Strongyloides stercoralis that intermittently comes  and goes  every few hours .

413 to 416. The answers are 413-d, 414-a, 415-b, and 416-e. (Brooks, pp 660, 685, 687t, 691. Levinson, pp 357-358, 379-382, 390-391. Murray [2009], pp 824-826,
855-856, 862-863, 876-879. Ryan, pp 695-696, 723-727, 746-748, 779-784, 809-813.) Trichinos is  most often i s  caused by ingestion of contaminated pork
products . However, eating undercooked bear, walrus , raccoon, or possum meat a lso may cause this  disease. Symptoms of trichinos is  include
muscle soreness  and swol len eyes . The described symptoms of the fur trapper would not fi t the cl inica l  presentations  of giardias is ,
schis tosomias is , toxoplasmos is , or vi scera l  larva  migrans .

Al though giardias is  has  been class ica l ly associated with travel  to endemic areas  many cases  of giardias is  caused by contaminated water have
been reported in the United States  as  wel l . Diagnos is  i s  made by detecting cysts  in the s tool . In some cases , diagnos is  may be very di ffi cul t
because of the relatively smal l  number of cysts  present. Al ternatively, an EIA may be used to detect Giardia antigen in feca l  samples . The
symptoms that were experienced by the correspondent would not fi t the cl inica l  presentation of schis tosomias is , toxoplasmos is , trichinosa, or
viscera l  larva  migrans .

Schis tosomias is  i s  a  worldwide publ ic hea l th problem. Control  of this  disease enta i l s  the el imination of the intermediate host sna i l  and
removal  of s treamside vegetation. Abdominal  pa in i s  a  symptom of schis tosomias is . The symptoms that were experienced by the colonel  would
not fi t the cl inica l  presentation of giardias is , toxoplasmos is , trichinosa, or vi scera l  larva  migrans .

Viscera l  larva  migrans  i s  an occupational  disease of people who are in close contact with dogs  and cats . The disease i s  caused by the
nematodes  Toxocara canis (dogs) and Toxocara cati (cats ) and has  been recognized in young chi ldren who have close contact with pets  or who eat
di rt. Symptoms include skin rash, eos inophi l ia , and hepatosplenomegaly. The symptoms that were experienced by the teenager would not fi t the
cl inica l  presentation of giardias is , toxoplasmos is , trichinosa  or schis tosomias is .

417 to 421. The answers are 417-e, 418-a, 419-d, 420-c, and 421-b. (Brooks, pp 660-662, 680, 690, 693. Levinson, pp 357-360, 382-383, 390-391. Murray [2009], pp
824-827, 862-863, 875-876. Ryan, pp 695-696, 741-748, 779, 781-784, 803, 805-807.) Trichomonas vaginalis, an odd-looking protozoan, moves  with a  jerky,
a lmost darting motion. Trichomonias is , a  bothersome vagina l  infection, can be diagnosed by observing this  organism in a  wet mount of vagina l
secretions . It may be washed out in the urine as  wel l . Trichomonas vaginalis can be grown in specia l  media , and there are now severa l  products
ava i lable for di rect detection of the organism.

Trichinella spiralis causes  trichinos is , a  paras i tic disease that i s  usual ly mi ld and resul ts  in muscle pa in and a  mi ld febri le i l lness . However,
fulminant fata l  cases  have been described. Humans , who are accidenta l  hosts , become infected by ingesting cysts  that are in the muscle of
animals . Most infections  s ti l l  come from pork, a l though regulations  on pig feeding have markedly reduced the incidence. Laboratory diagnos is  i s

http://www.dpd.cdc.gov/dpdx/html/Strongyloidiasis.htm


by serology or demonstration of the larvae in the muscle ti s sue.
Paragonimus westermani i s  a  lung fluke. This  trematode infects  lung ti ssue and i s  seen not only in sputum but a lso in feces  because infected

patients  swal low respiratory secretions . Paragonimias is  i s  contracted by ingesting the metacercariae that are encysted in crabs  or crayfi sh.
Giardia infection may be di ffi cul t to diagnose by s tool  examination, as  patients  may shed the cysts  intermittently. When symptoms pers is t and

the s tool  examination i s  negative, then duodenal  contents  may be sampled di rectly with the enterotest. The patient swal lows  a  gelatin capsule
that conta ins  a  coi led s tring. The other end i s  attached to the patient’s  face. The gelatin capsule dissolves , and Giardia organisms, i f present,
adhere to the s tring within a  4-hour period. The s tring i s  retrieved and examined microscopica l ly. Al ternatively, an enzymatic immunoassay can
detect Giardia antigen di rectly in a  s ingle specimen of feces .

Babesia i s  a  sporozoan paras i te transmitted by the bi te of I. scapularis, the same tick that carries  B. burgdorferi. Reproduction of this  paras i te
occurs  in erythrocytes  and may resemble Plasmodium species  when blood smears  are examined. Babesia i s  endemic in the northeastern United
States , particularly in the i s lands  of Massachusetts . Laboratory diagnos is  i s  made by examining blood smears  for this  paras i te, or by detection of
speci fic antibody. Babes ios is  cl inica l ly resembles  malaria .

422. The answer is b. (Brooks, p 680. Levinson, pp 371-372. Murray [2009], pp 830-832.) Coccidian-l ike bodies  have been identi fied in s tools  of some
patients  with diarrhea. These organisms  appear to be s imi lar to blue-green a lgae and were referred to as  Cyanobacterium-l ike unti l  they were
recently reclass i fied as  Cyclospora. They are larger than the microsporidia  and resemble nei ther Giardia nor Prototheca nor other a lgae-l ike
organisms. Unl ike Cryptosporidium (4-5 μm), these organisms  fluoresce under ul traviolet l ight. The diarrhea can be prolonged and relaps ing, and
the treatment i s  usual ly trimethoprim–sul famethoxazole. See the figure for an i l lus tration of G. lamblia.

Giardia lamblia. (A) “Face” and (B) “profi le” of vegetative forms; (C, D) cysts  (binucleate [D] and quadrinucleate s tages). 2000×. (Reproduced, with
permission, from Brooks GF et al. Jawetz’s  Medica l  Microbiology. 24th ed. New York, NY: McGraw-Hill; 2007:660.)

423. The answer is c. (Brooks, p 694. Levinson, p 377. Murray [2009], pp 886-889. Ryan, pp 799-801.) Echinococcus i s  a  smal l , three-segmented tapeworm
found only in the intestines  of dogs  and other carnivores . Eggs  leave these hosts  and infect grazing animals . In the herbivore gut, the eggs  hatch
and the released forms  penetrate the gut. Various  organs  (especia l ly the l iver) develop huge, fluid-fi l led cysts  in which future scoleces  form
(hydatid sand). Dogs  become infected when they feed on viscera  of diseased sheep or cows. Hydatid disease in humans  occurs  only through
ingestion of dog feces . Humans  are only an intermediate host of this  organism and never the fina l  host. None of the other answer options  are
cestodes , or tapeworms.

424. The answer is b. (Garcia [2007], pp 190-217.) Leishmanias is  i s  caused by three major species  of paras i tes . Cutaneous  leishmanias is  i s  caused by
L. tropica (Baghdad Sore) i s  found in the Mediterranean region; mucocutaneous  leishmanias is  i s  caused by L. braziliensis (American leishmanias is )
and i s  endemic in South/Centra l  America; vi scera l  lei shmanias is  i s  caused by L. donovani (Ka la-azar) and i s  wide spread in As ia . In cutaneous
disease, centri fuga l ly growing papular les ion with centra l  crusting i s  seen which heals  spontaneous ly but leaves  a  permanent scar.
Mucocutaneous  leishmanias is  which involves  the skin and mucoid ti ssue, ini tia l ly same as  cutaneous  les ion but i t does  not heal  and leads  to
necros is  of mucoid ti ssue, metastas is  to dis tant mucoid ti ssues  and i s  very dis figuring. Viscera l  lei shmanias is  involves  l iver, spleen, bone
marrow, lymph nodes , skin, there i s  no bi te reaction and resul ts  in lymphadenopathy, splenomegaly and hepatomegaly, chi l l s  and fever, and
darkening of skin. Viscera l  lei shmanias is  i s  becoming an important opportunis tic infection in areas  where i t coexis ts  with HIV.

425. The answer is b. (Garcia 2007, pp 258-260.) The most common helminth infection in the United States  (an estimated 40 mi l l ion persons  infected).
Adult pinworms inhabit the cecum and adjacent portions  of the large and smal l  intestine. The male worm is  2 to 5 mm long and 0.2 mm wide. The
female worm measures  8 to 13 mm in length and 0.5 mm in width. The female i s  dis tinguished by a  long, thin sharply pointed ta i l . The female
when ful ly gravid, migrate down the intestina l  tract to pass  out the anus  and depos i t thei r eggs . Diagnos is  of Enterobius vermicularis i s  made by
us ing a  Scotch Tape Test. Eggs  are thin-wal led eggs  and measure 50 to 60 mm × 20 to 30 mm and are ovoid and flattened on one s ide.

426. The answer is c. (Garcia 2007, pp 381-410.) The photomicrograph i s  showing a  number of Echinococcus protoscol ices  in a  cut section of a  hydatid
cyst. Hydatid disease i s  caused by the larva l  s tages  of cestodes  of the genus  Echinococcus. E. granulosus (dog tapeworm) causes  cystic disease, the
form most frequently encountered. E. multilocularis (fox tapeworm) causes  a lveolar disease. E. vogeli and E. oligarthrus are the causative agents  of
polycystic hydatidos is . The diagnos is  of hydatid disease rel ies  mainly on findings  by ul trasonography and/or other imaging techniques  supported
by pos i tive serologic tests . In E. granulosus infections  hepatic involvement can resul t in abdominal  pa in, a  mass  in the hepatic area, and bi l iary
duct obstruction. Most importantly, the break/leakage from the cyst can lead to fever, urticaria , eos inophi l ia , and anaphylactic shock, as  wel l  as
spreading of cysts  to other areas . Furthermore, other organs  (lungs , bra in, bone, and heart) can a lso be involved with E. granulosus hydatid
infection. Hydatidos is  with E. multilocularis a ffects  the l iver as  a  s low growing tumor, with abdominal  pa in, bi l iary obstruction often with metastatic
les ions  into the lungs  and bra in. E. vogeli cys ts  are normal ly found in the l iver, where i t acts  as  a  s low growing tumor; secondary cystic
development i s  a l so normal .

427. The answer is c. (Garcia [2007], pp 363-371.) Cysticerci  cysts  of T. solium (pig tapeworm) are larva l  cysts  that infect bra in, muscle, or other ti s sue,



and are a  major cause of adul t-onset seizures  in most low-income countries . Cysticercos is  i s  acquired by ingesting eggs  excreted by a  person who
is  carrying an intestina l  pig tapeworm. In case of neurocysticercos is , CT and MRI provide evidence on number and location of cysticerci  as  wel l  as
on their viabi l i ty and the acuteness  of the host inflammatory response. Neurocysticercos is  can cause a  wide variety of mani festations  including
seizures , menta l  dis turbances , foca l  neurologica l  defici ts , and s igns  of space-occupying intracerebra l  les ions .



Immunology

Questions

Questions 428 to 431

Hypersens i tivi ty reactions  are excess ive or uncontrol led immune responses  that can sometimes  resul t in damage to the host instead of providing
protection. The four main types  are represented below. Use these reactions  to answer the fol lowing questions .

428. A 13-year-old male with cystic fibros is  develops  repeated episodes  of pneumonia  resul ting in multiple hospi ta l i zations . Previous  antibiotic
treatment resul ted in severe rash, fever, and systemic anaphylaxis  a lmost immediately. A penici l loyl  polylys ine skin test yields  pos i tive resul ts .
Which of the fol lowing best i l lus trates  the type of hypersens i tivi ty reaction associated with this  cl inica l  scenario?

a. Type I
b. Type II
c. Type II I
d. Type IV

429. After playing in the bushes  during a  camping trip, a  7-year-old gi rl  compla ins  of intense i tching and bl i s tering of the hands , arms, and legs .
Which of the fol lowing are the most l ikely medica l  condition and the correct hypersens i tivi ty diagram from those presented?

a. Contact dermati ti s  and type II
b. Contact dermati ti s  and type II I
c. Contact dermati ti s  and type IV
d. Arthus  reaction and type I
e. Arthus  reaction and type II
f. Arthus  reaction and type II I

430. Skin testing i s  useful  in the diagnos is  of which of the fol lowing?

a. Type I  and II
b. Type I  and II I
c. Type I  and IV
d. Type II , I I I , and IV

431. Rh disease and Goodpasture syndrome are best represented by which of the fol lowing?

a. Type I  and II
b. Type II  and II I
c. Type II  and IV
d. Type II  only
e. Type II I  only



Questions 432 and 433

432. A 7-month-old male infant presents  to the emergency department with severe middle ear and upper respiratory tract infections , which
respond promptly to antibiotics . Two months  later he i s  aga in admitted, this  time with Streptococcus pneumoniae pneumonia . After severa l  more
episodes  of bacteria l  infections , genetic testing i s  done and the presence of a  defective B-cel l  tyros ine kinase gene (btk gene or X-LA gene) i s
revealed. In addition, phys ica l  examination detects  very smal l  tons i l s . Which of the fol lowing i s  the most l ikely diagnos is?

a. Ataxia-telangiectas ia
b. Bruton agammaglobul inemia
c. Chronic granulomatous  disease
d. Late (C5, C6, C7, C8, C9) complement deficiency
e. Thymic aplas ia  (DiGeorge syndrome)

433. Which of the fol lowing pathogens  presents  the most serious  threat to this  chi ld?

a. Chlamydia trachomatis
b. Meas les  vi rus
c. Mycobacterium tuberculosis
d. Varicel la -zoster vi rus  (VZV)

Questions 434 and 435

Flow cytometry of blood from an HIV-pos i tive patient yielded a  CD4:CD8 ratio less  than 1.

434. This  ratio best represents  a  major decl ine in which of the fol lowing cel l  types  and i ts  associated cel l  surface proteins?

a. B lymphocytes ; MHC class  I , IgM, B7, CD19, CD20
b. Cytotoxic T lymphocytes ; MHC class  I , TCR, CD3
c. Cytotoxic T lymphocytes ; MHC class  I , TCR, CD3, CD28
d. Helper T lymphocytes ; MHC class  I , TCR, CD3
e. Helper T lymphocytes ; MHC class  I , TCR, CD3, CD28
f. Macrophages ; MHC class  I , MHC class  I I , CD14

435. Which of the fol lowing best represents  the “costimulatory s igna l” pa i r that occurs  between cel lular surface proteins  associated with the
reduced cel l  type represented in the CD4:CD8 ratio less  than 1?

a. B7 (B cel l ) and CD28 (T cel l )
b. B7 (B cel l ) and CD4 (T cel l )
c. CD40L (B cel l ) and CD40 (T cel l )
d. MHC class  I  (B cel l ) and CD4 (T cel l )
e. MHC class  I I  (B cel l ) and CD8 (T cel l )

436. A young gi rl  has  had repeated infections  with Candida albicans and respiratory vi ruses  s ince she was  3 months  old. As  part of the cl inica l
eva luation of her immune s tatus , her responses  to routine immunization procedures  should be tested. In this  eva luation, the use of which of the
fol lowing vaccines  i s  contra indicated?

a. Baci l lus  Ca lmette–Guerin (BCG)
b. Bordetel la  pertuss is  vaccine
c. Diphtheria  toxoid
d. Inactivated pol io
e. Tetanus  toxoid

437. A 7-year-old male developed normal ly unti l  7 years  of age, a fter which he suddenly s tarts  suffering from progress ive personal i ty and intel lect
deterioration leading to dementia , and fina l ly death within 1 year of symptoms. His  his tory reveals  severe meas les  attack at the age of 1.
Laboratory tests  indicate elevated meas les  antibody levels  in both the serum and cerebrospina l  fluid (CSF) with no antibody to the M protein. A
latent meas les -l ike vi ra l  infection and, presumably, a  defect in cel lular immunity are associated with which of the fol lowing diseases?

a. Creutzfeldt–Jakob disease (CJD)
b. Epstein–Barr vi rus  (EBV) infection
c. Multiple scleros is  (MS)
d. Progress ive multi foca l  leukoencephalopathy (PML)
e. Subacute scleros ing panencephal i ti s  (SSPE)

438. A 31-year-old patient suffering from recurrent episodic intestina l  hemorrhages  attributed to a  severe form of Crohn disease decides  to
undergo surgery to resect his  terminal  i leum. The surgeon orders  two uni ts  of blood to be preserved for poss ible use during the surgery. The
patient decides  to s tore one uni t of his  own blood and one uni t of his  35-year-old brother’s  blood with the blood bank. This  type of donation i s
most l ikely which of the fol lowing transplantation terminology (patient’s  blood:brother’s  blood)?

a. Al lograft:a l lograft
b. Al lograft:autograft
c. Autograft:a l lograft
d. Autograft:autograft
e. Autograft:i sograft (syngeneic graft)

439. A 27-year-old female presents  to the emergency room with a  temperature of 103°F, severe fatigue, weight loss , and joint pa in. During the
his tory and phys ica l  examination, the patient reports  that she s topped taking her aspi rin and corticosteroids  to control  her condition. A butterfly-
type rash over her cheeks , sens i tivi ty to l ight, and a  heart murmur are apparent. The patient a lso reports  a  his tory of a  progress ively developing
arthri ti s  and glomerulonephri ti s . Laboratory tests  further indicate anemia, leukopenia , and thrombocytopenia . This  condition i s  best diagnosed



by the presence of which of the fol lowing?

a. Anticentromere antibodies
b. Anti -dsDNA antibodies
c. Antimitochondria l  antibodies
d. Antineutrophi l  antibodies
e. Anti -TSH receptor antibodies

440. A 1-year-old male patient presents  with marked susceptibi l i ty to opportunis tic infections  with bacteria  such as  Escherichia coli and
Staphylococcus aureus and fungal  Aspergillus. Examination findings  reveal  granulomatous  abscesses  in the lungs , ataxia , nystagmus, and
photophobia . Biochemica l  ana lys is  reveals  the deficiency of the centra l  enzyme in the respiratory burst pathway via  an inabi l i ty to reduce
nitroblue tetrazol ium (NBT) dye. The deficient enzyme and reaction are represented by which of the fol lowing?

441. Which of the fol lowing s tatements  best appl ies  to the fol lowing diagram?

(Modified, with permission, from Parslow TG, et al. Medica l  Immunology. 10th ed. New York, NY: McGraw-Hill; 2001:85.)

a. Depicts  the cel l -membrane MHC product associated with narcolepsy
b. Essentia l  for the transplacenta l  passage of antibody
c. Found on T and B lymphocytes  and a l l  nucleated cel l s



d. Present on macrophages  but not neutrophi l s
e. Represents  the secretory component associated with IgA
f. Required for recognition of processed antigen by TH1 and TH2 lymphocytes

442. A 19-year-old col lege s tudent develops  a  rash. She works  part-time in a  pediatric AIDS cl inic. Her blood i s  drawn and tested for speci fic
antibody to the chicken pox vi rus  (varicel la -zoster). Which of the fol lowing antibody classes  would you expect to find i f she i s  immune to chicken
pox?

a. IgG
b. IgA
c. IgM
d. IgD
e. IgE

443. Patients  with C5 through C9 complement deficiencies  are most l ikely to be susceptible to which of the fol lowing infections?

a. AIDS
b. Giardias is
c. His toplasmos is
d. Neisseria l  infection
e. Pneumococca l  infection

444. As  part of the management of a  28-year-old male with acute onset of Crohn disease of the smal l  bowel , you decide to treat him with a  new
cockta i l  of mouse–human chimeric antibodies  to reduce his  intestina l  inflammation and cachexia . To which of the fol lowing sets  of proteins  are
these antibodies  di rected?

a. IL-1, IL-2, IL-3
b. IL-2, IL-12, TNF-α
c. IL-2, TGF-β, TNF-α’
d. IL-1, IL-6, TNF-α’
e. IL-2, IL-3, IL-12

445. A mother and newborn are exposed to a  pathogen whi le at the hospi ta l  for a  routine checkup and breastfeeding cl inic. This  same pathogen
had infected the mother about a  year previous ly, and she had success ful ly recovered from the subsequent i l lness . Immunity may be innate or
acquired. Which of the fol lowing best describes  acquired immunity with respect to the newborn?

a. Complement cascade
b. Increase in C-reactive protein (CRP)
c. Inflammatory response
d. Maternal  transfer of antibody
e. Presence of natura l  ki l ler (NK) cel l s

446. A 35-year-old male patient presents  with numerous  subcutaneous  hemorrhages . His tory and phys ica l  examination reveal  that he has  been
taking sedormid (a  sedative) for the past week. Laboratory tests  indicate normal  hemoglobin and white blood cel l  levels  with s igni ficant
thrombocytopenia  (very low platelet count). You suspect that he has  developed a  drug-induced type II  hypersens i tivi ty reaction. This  reaction may
occur i f the drug does  which of the fol lowing?

a. Activates  T cytotoxic cel l s
b. Acts  as  a  hapten
c. Induces  mast cel l  degranulation, releas ing mediators  such as  his tamine, leukotrienes , and prostaglandins
d. Induces  oxygen radica l  production through the respiratory burst pathway
e. Pers is ts  in macrophages

447. After learning of a  fami ly his tory of humoral  immunity deficiency during an office vis i t from a  patient 6 months  pregnant, a  radia l
immunodi ffus ion assay i s  ordered on feta l  serum. The test reveals  no humoral  immunity problems and normal  resul ts  in a l l  respects . According to
this  test, the normal  level  of which feta l ly made immunoglobul in i s  the highest in the fetus?

a. IgA
b. IgD
c. IgE
d. IgG
e. IgM

448. A 31-year-old male patient compla ins  of fatigue, yeast infection in his  mouth, and enlarged lymph nodes  under his  arms. He says  that he was
involved in “high-ri sk” behavior 6 years  ago whi le on a  trip to eastern and southern Africa . He a lso indicates  that his  “HIV test” was  negative.
Which of the fol lowing options  i s  most appropriate?

a. Ini tiate treatment for HIV disease
b. Order a  test for human T-cel l  leukemia  vi rus  (HTLV)
c. Order an HIV-1 RNA PCR
d. Order an HIV test that would include antibodies  to HIV-1 and HIV-2
e. Repeat the test for HIV-1

449. A laboratory analys is  report of a  speci fic fraction of a  patient’s  lymphocytes  indicates  the fol lowing: HLA, B, and C+, PHA+, CD3–, CD16+,
CD11a/CD18+, CD56+, and in vi tro blastogenes is  with IL-12. What are the lymphocytes  that this  set describes?

a. B lymphocytes
b. Cytotoxic T lymphocytes



c. NK cel l s
d. T helper 1 (TH1) subset
e. T helper 2 (TH2) subset

450. The complement system plays  a  key role in the host defense process . Which of the fol lowing components  of this  system is  the most important
in chemotaxis?

a. C1q
b. C3a
c. C3b
d. C4a
e. C5a

451. Soon after bi rth, a  newborn undergoes  heart transplantation surgery at a  loca l  medica l  center. Transplantation of ti s sue and organs  i s  a
common procedure whose success  depends  largely on the “sel f” versus  “nonsel f” interactions . Surviva l  of a l lografts  i s  increased by choos ing
donors  with few major his tocompatibi l i ty complex (MHC) mismatches  compared to recipients  and by use of immunosuppress ion in recipients .
Which of the fol lowing procedures  i s  the most useful  measure of immunosuppress ion in recipients?

a. Adminis tration of corticosteroids  to recipient
b. Adminis tration of immunoglobul in to recipient
c. Destruction of donor B cel l s
d. Destruction of donor T cel l s
e. Lymphoid i rradiation of donor

452. Relative to the primary immunologica l  response, secondary, and later booster responses  to a  given hapten–protein complex can be
associated with which one of the fol lowing?

a. Antibodies  that are less  efficient in preventing speci fic disease
b. Decreased antibody avidi ty for the origina l  hapten–protein complex
c. Increased antibody affini ty for hapten
d. Lower ti ters  of antibody
e. Maintenance of the same subclass , or idiotype, of antibody produced

453. You are managing a  3-year-old female patient with a  fever of unknown origin. Her serum is  tested for antibodies  aga inst Haemophilus
influenzae. A precipi tation test conducted by the cl inica l  laboratory yields  the fol lowing resul ts :

From these data , which of the fol lowing can be concluded?

a. The negative reactions  at 1:128 and 1:126 are fa lse negatives
b. The patient has  antibodies  aga inst H. influenzae, the ti ter i s  64, and the di lution 1:64
c. The patient has  antibodies  aga inst H. influenzae, the di lution i s  64, and the ti ter 1:64
d. The patient does  not have antibodies  aga inst H. influenzae s ince the reaction i s  negative with undi luted serum
e. The patient should be immunized aga inst H. influenzae

454. Of the five immunoglobul in classes , IgA i s  the main immunoglobul in of secretions  from the geni ta l , respi ratory, and intestina l  tracts . As  a
resul t, IgA antibody i s  the fi rs t l ine of defense aga inst infections  at the mucous  membrane. It i s  usual ly an early speci fic antibody. Which of the
fol lowing s tatements  most accurately describes  IgA?

a. Complement fixation tests  for IgA antibody wi l l  be pos i tive i f speci fic IgA antibody i s  present
b. IgA can be destroyed by bacteria l  proteases
c. IgA i s  absent in colostrum
d. IgA i s  not found in sa l iva ; therefore, an IgA diagnostic test on sa l iva  would have no va lue
e. IgA i s  a  smal l  molecule with a  molecular weight of 30,000 kDa

455. A 60-year-old male presents  with severe jaundice to the loca l  walk-in cl inic. His tory and phys ica l  examination reveal  a  30-year his tory of
a lcohol  consumption and drug abuse. Blood tests  reveal  elevated AST and ALT levels  and the presence of hepati ti s  B and, as  a  resul t, reduced
complement levels . Complement i s  a  series  of important host proteins  that provide protection from invas ion by foreign microorganisms. Which of
the fol lowing best describes  complement?

a. Complement inhibi ts  phagocytos is
b. Complement i s  activated by IgE antibody classes
c. Complement plays  a  minor role in the inflammatory response
d. Complement protects  the host from pneumococca l  infection through C1, C2, and C4
e. Microorganisms  agglutinate in the presence of complement but do not lyse



456. Radia l  immunodi ffus ion and immunoelectrophores is  i s  performed on a  young patient to eva luate the function of his  humoral  immune
system. Which of the fol lowing immunoglobul ins  has  no known function, i s  found in the serum in low concentrations , and i s  present on the
surface of B lymphocytes  (may function as  an antigen receptor)?

a. IgG
b. IgA
c. IgM
d. IgD
e. IgE

457. A young patient with severe recurrent pyogenic bacteria l  infections , but with normal  T-cel l  and B-cel l  numbers , arrives  at the hospi ta l . Testing
reveals  that this  patient’s  CD4 T-helper cel l s  have a  defect in CD40 l igand. As  a  resul t, humoral  immunity eva luation reveals  a  s igni ficant elevation
in the levels  of which immunoglobul in that i s  present as  a  monomer on B-cel l  surfaces , as  a  pentamer in serum, and i s  ini tia l ly seen in the
primary immune response?

a. IgG
b. IgA
c. IgM
d. IgD
e. IgE

458. A patient with a  long his tory of consuming poorly cooked pork meat presents  with genera l i zed myalgia  and a  low-grade fever. Striated muscle
biopsy reveals  multiple cysts . Eos inophi l ia  i s  a l so present with elevated levels  of which of the fol lowing immunoglobul ins  most l ikely involved in
paras i tic infections?

a. IgG
b. IgA
c. IgM
d. IgD
e. IgE

459. A patient with cerebel lar problems and spider angiomas  i s  diagnosed with a  combined T-cel l  and B-cel l  deficiency known as  ataxia-
telangiectas ia . In addition to a  defect in this  patient’s  DNA repair enzymes , which immunoglobul in i s  the primary antibody in sa l iva , tears , and
intestina l  and geni ta l  secretions , and i s  a lso deficient in this  i l lness?

a. IgG
b. IgA
c. IgM
d. IgD
e. IgE

460. With four subclasses , which immunoglobul in i s  the predominant antibody in the secondary immune response and has  the greatest
concentration of the five immunoglobul in classes  in the fetus?

a. IgG
b. IgA
c. IgM
d. IgD
e. IgE

461. A 15-year-old boy i s  bi tten by an Ixodes ti ck whi le camping with his  parents  and presents  1 week later with fatigue, fever, headache, and a
reddish rash over his  trunk and extremities . Pos i tive IgM antibody (1:200) to Borrelia burgdorferi i s  associated with which of the fol lowing?

a. Acute Lyme disease
b. Fi fth disease
c. Poss ible hepati ti s  B infection
d. Poss ible subacute scleros ing panencephal i ti s  (SSPE)
e. Susceptibi l i ty to chicken pox

462. A smal l  chi ld presents  with a  low-grade fever, coryza , sore throat, a  bright red rash on his  cheeks , and a  less  intense erythematous  rash on his
body. Elevated IgG and IgM antibody ti ters  to parvovirus  suggest a  diagnos is  of which of the fol lowing?

a. Acute Lyme disease
b. Fi fth disease
c. Poss ible hepati ti s  B infection
d. Poss ible subacute scleros ing panencephal i ti s  (SSPE)
e. Susceptibi l i ty to chicken pox

463. Blood from a  woman at a  loca l  pregnancy cl inic i s  ana lyzed for antibody ti ters  to known pathogens . A negative varicel la  antibody ti ter in this
young woman s igni fies  which of the fol lowing?

a. Acute Lyme disease
b. Fi fth disease
c. Poss ible hepati ti s  B infection
d. Poss ible subacute scleros ing panencephal i ti s  (SSPE)
e. Susceptibi l i ty to chicken pox

464. A patient with severe jaundice and l iver fa i lure has  an increased antibody ti ter to del ta  agent. You should suspect which of the fol lowing?



a. Acute Lyme disease
b. Fi fth disease
c. Poss ible hepati ti s  B infection
d. Poss ible subacute scleros ing panencephal i ti s  (SSPE)
e. Susceptibi l i ty to chicken pox

465. A pediatric patient with progress ively developing degenerative neurologic disease/disorder has  an elevated CSF antibody ti ter to meas les
vi rus . You should suspect which of the fol lowing?

a. Acute Lyme disease
b. Fi fth disease
c. Poss ible hepati ti s  B infection
d. Poss ible subacute scleros ing panencephal i ti s  (SSPE)
e. Susceptibi l i ty to chicken pox

466. A 2-year-old patient presents  to the pediatrician for a  routine vis i t. His tory and phys ica l  examination reveals  recurrent infections , and
enlarged smal l  blood vessels  of the skin and conjunctivas . In addition, the phys ician notices  i rregular movements  most akin to s taggering.
Suspecting an immune dys function, molecular testing reveals  a  defect in DNA repair enzymes. This  autosomal  recess ive immune deficiency
disorder usual ly i s  associated with which of the fol lowing?

467. A 10-month-old male infant with recurrent H. influenzae infections  presents  to the emergency room with oti ti s  media , s inus i ti s , and in severe
respiratory dis tress . Immunologica l  and genetic testing reveals  the absence of B cel l s  and a  destructive mutation in the tyros ine kinase gene. This
X-l inked recess ive immune disorder i s  usual ly associated with which of the fol lowing?

468. Amniocentes is  conducted during genetic counsel ing of a  pregnant woman reveals  a  feta l  adenos ine deaminase deficiency. This  autosomal
recess ive immunodeficiency i s  usual ly associated with which of the fol lowing?



469. A young chi ld with spastic para lys is  presents  to the emergency room. Blood tests  reveal  hypocalcemia. This  immune disorder i s  usual ly
associated with which of the fol lowing?

470. A 10-month-old patient with recurrent pyogenic infections , eczema, and severe bleeding (thrombocytopenia) i s  diagnosed with Wiskott–
Aldrich syndrome. This  immune disorder i s  usual ly associated with which of the fol lowing?

471. An autograft of a  burn victim is  best described by which one of the fol lowing?

a. Transplant from one region of a  person to another region
b. Transplant from one person to a  genetica l ly identica l  person
c. Transplant from one species  to the same species
d. Transplant from one species  to another species

472. Transplantation involving ti ssue from twin brothers  possess ing identica l  HLA genes  i s  best described by which one of the fol lowing?

a. Al lograft: transplant from one species  to the same species
b. Autograft: transplant from one region of a  person to another region
c. Isograft: transplant from one person to a  genetica l ly identica l  person
d. Xenograft: transplant from one species  to another species

473. A 21-year-old patient in severe kidney fa i lure receives  a  kidney from his  30-year-old brother. This  type of transplantation i s  best described by
which of the fol lowing?

a. Al lograft: transplant from one species  to the same species
b. Autograft: transplant from one region of a  person to another region
c. Isograft: transplant from one person to a  genetica l ly identica l  person
d. Xenograft: transplant from one species  to another species

474. During the infancy days  of cardiac transplantation, nonhuman primate hearts  were transplanted into humans  to save l ives . This  type of
transplantation i s  best described by which one of the fol lowing?

a. Al lograft: transplant from one species  to the same species
b. Autograft: transplant from one region of a  person to another region
c. Isograft: transplant from one person to a  genetica l ly identica l  person
d. Xenograft: transplant from one species  to another species

475. Humoral  immunity eva luation mainly cons is ts  of measuring the amount of IgG, IgM, and IgA in the patient’s  serum. These three
immunoglobul ins  represent three dis tinct i sotypes . An i sotype i s  characterized by which of the fol lowing?

a. Determinant exposed after papain cleavage to an F(ab) fragment
b. Determinant from one clone of cel l s  and probably located close to the antigen-binding s i te of the immunoglobul in
c. Determinant inheri ted in a  Mendel ian fashion and recognized by cross -immunization of individuals  in a  species
d. Heavy-chain determinant recognized by heterologous  antisera
e. Species -speci fic carbohydrate determinant on the heavy cha in



476. An a l lotype i s  characterized by which of the fol lowing?

a. Determinant exposed after papain cleavage to an F(ab) fragment
b. Determinant from one clone of cel l s  and probably located close to the antigen-binding s i te of the immunoglobul in
c. Determinant inheri ted in a  Mendel ian fashion and recognized by cross -immunization of individuals  in a  species
d. Heavy-chain determinant recognized by heterologous  antisera
e. Species -speci fic carbohydrate determinant on the heavy cha in

477. Antibodies  produced from hybridomas  are extremely useful  cl inica l ly for thei r monoclonal  properties . These antibodies  have the same idio-
type. An idiotype i s  characterized by which of the fol lowing?

a. Determinant exposed after papain cleavage to an F(ab')2 fragment
b. Determinant from one clone of cel l s  and probably located close to the antigen-binding s i te of the immunoglobul in
c. Determinant inheri ted in a  Mendel ian fashion and recognized by cross -immunization of individuals  in a  species
d. Heavy-chain determinant recognized by heterologous  antisera
e. Species -speci fic carbohydrate determinant on the heavy cha in

478. A 30-year-old male presents  to the emergency room with di ffi cul ty in breathing and abdominal  pa in. Upon phys ica l  examination, you notice
di ffuse areas  of nondependent, nonpitting swel l ing without pruri tus , with predi lection for the face, especia l ly the periora l  and periorbi ta l  areas .
You a lso notice swel l ing in the mouth, pharynx, and larynx. Laboratory analys is  of blood drawn from this  patient indicates  a  complement problem.
Which of the fol lowing i s  most l ikely?

a. High C4, C2, and C3
b. High C1 and normal  level  of C1 esterase inhibi tor
c. High C1 esterase inhibi tor and high C4
d. High C1 esterase inhibi tor and low C4
e. Low C1 esterase inhibi tor and high C4
f. Low C1 esterase inhibi tor and low C4
g. Low C4 and high C2

479. A 45-year-old bus inesswoman arrives  in your office with vague abdominal  compla ints . She has  noticed melenic s tool . Upon performing a
s igmoidoscopy, you find a  4-cm mass  in the upper colon. You should immediately order a  blood test for which of the fol lowing tumor markers?

a. α-Fetoprotein
b. Anti tumor antibody
c. Anti tumor l ight cha ins
d. Carcinoembryonic antigen (CEA)
e. Human chorionic gonadotropin
f. Prostate-speci fic antigen

Questions 480 and 481

480. An 18-year-old male heroin addict, who practices  the sharing of needles  at a  “shooting ga l lery,” i s  pos i tive in the screening test for AIDS. This
patient i s  most l ikely to be immunodeficient because of which one of the fol lowing?

a. A genetic defect in chromosome 14
b. A low T-helper lymphocyte count
c. An atrophied thymus
d. NADPH enzyme deficiency
e. Insufficient B-cel l  maturation

481. Since a  fa lse-pos i tive resul t i s  poss ible in the screening test in the previous  vignette, the phys ician orders  a  confi rmatory test. Which of the
fol lowing best describes  the s tandard confi rmatory test, and what this  test checks  for, respectively?

a. Complement fixation test; antibodies  aga inst the vi rus
b. Enzyme-l inked immunosorbent assay (ELISA); antigens  of the vi rus
c. Radioimmunoassay (RIA); speci fic antibodies  aga inst the vi rus
d. Western blot; antigens  of the vi rus
e. Western blot; speci fic antibodies  aga inst the vi rus

482. A pregnant 21-year-old Rh-negative female i s  about to del iver. The baby’s  father i s  determined to be Rh-pos i tive. To reduce the chance for the
development of hemolytic disease of the newborn, which of the fol lowing procedures  should you order?

a. Adminis tration of anti -Rh antibodies  to the fetus  postdel ivery
b. Adminis tration of anti -Rh antibodies  to the mother postdel ivery
c. Immediate blood transfus ion of the suspected father
d. Immediate blood transfus ion of the mother with Rh-pos i tive blood
e. Infus ion of immune serum globul in into the fetus
f. Intravenous  infus ion of the Rh antigen into the mother

Questions 483 and 484

483. An 8-month-old male infant with a  his tory of chronic diarrhea, oti ti s  media , and severa l  episodes  of pneumonia  presents  to your cl inic with
gingivostomati ti s  (due to herpes  s implex vi rus ) and ora l  candidias is  (thrush). You immediately order an x-ray and a  blood workup. X-ray and
laboratory blood analys is  reveal  the absence of a  thymic shadow and absence of B lymphocytes , respectively. His tory taken from the infant’s
mother reveals  a  rash evident at bi rth. Which of the fol lowing diseases  i s  most l ikely present in this  infant?

a. Ataxia-telangiectas ia



b. Bruton agammaglobul inemia
c. Chediak–Higashi  syndrome
d. Chronic granulomatous  disease
e. Chronic mucocutaneous  candidias is
f. Heredi tary angioedema
g. Severe combined immunodeficiency syndrome (SCID)
h. Thymic aplas ia  (DiGeorge syndrome)
i . Wiskott–Aldrich syndrome

484. Which of the fol lowing i s  the best therapy for the infant in the previous  vignette?

a. Anti fungal  agents
b. Blood transfus ion
c. Bone marrow transplant
d. IgG from pooled random donors
e. Immunization with attenuated vaccines

485. A 5-year-old chi ld arrives  at the emergency department minutes  after being bi tten by a  black widow spider. You immediately inject gamma
globul in in the form of an antivenom. This  type of immunization i s  referred to as  which of the fol lowing?

a. Arti fi cia l  active immunization
b. Arti fi cia l  pass ive immunization
c. Natura l  active immunization
d. Natura l  pass ive immunization
e. Adoptive immunization

486. A patient with an increased susceptibi l i ty to vi ra l , fungal , and protozoa infection would be expected to have a  deficiency in which of the
fol lowing cel l  types?

a. B lymphocytes
b. Macrophages
c. NK cel l s
d. Neutrophi l s
e. T lymphocytes

487. Whi le walking through a  field, a  28-year-old woman is  s tung by a  bee. Within 10 minutes , she has  asthmatic-l ike symptoms. This  type of
hypersens i tivi ty reaction can be correctly characterized by which of the fol lowing sequence of s teps?

a. Al lergen, chemica l  mediators , sens i ti zation, a l lergen, IgE, symptoms
b. Al lergen, IgE, sens i ti zation, a l lergen, chemica l  mediators , symptoms
c. Al lergen, sens i ti zation, IgE, a l lergen, chemica l  mediators , symptoms
d. Sens i ti zation, a l lergen, chemica l  mediators , a l lergen, IgE, symptoms
e. Sens i ti zation, IgE, a l lergen, symptoms, a l lergen, chemica l  mediators

488. Findings  of IgG antibodies  to core antigen, antibodies  to e antigen, and antibodies  to surface antigen in a  hepati ti s  B patient reflects  which
of the fol lowing?

a. Acute infection (incubation period)
b. Acute infection (acute phase)
c. Postinfection (acute phase)
d. Immunization
e. HBV carrier s tate

489. Findings  of HBsAg-pos i tive and HBeAg-pos i tive test resul ts  in a  hepati ti s  B patient reflect which of the fol lowing?

a. Acute infection (incubation period)
b. Acute infection (acute phase)
c. Postinfection (acute phase)
d. Immunization
e. HBV carrier s tate

490. Findings  of HBsAg pos i tive, HBeAg pos i tive, and IgM core antibody pos i tive in a  hepati ti s  B patient reflect which of the fol lowing?

a. Acute infection (incubation period)
b. Acute infection (acute phase)
c. Postinfection (acute phase)
d. Immunization
e. HBV carrier s tate

491. Findings  of HBsAg pos i tive, no antibodies  to HBsAg, and other tests  variable in a  hepati ti s  B patient reflect which of the fol lowing?

a. Acute infection (incubation period)
b. Acute infection (acute phase)
c. Postinfection (acute phase)
d. Immunization
e. HBV carrier s tate



492. Findings  of antibodies  to HBsAg in a  hepati ti s  B patient reflect which of the fol lowing?

a. Acute infection (incubation period)
b. Acute infection (acute phase)
c. Postinfection (acute phase)
d. Immunization
e. HBV carrier s tate

493. A 15-year-old male i s  rushed to the emergency room with a  temperature of 103°F, severe headache, and s ti ff neck. Upon phys ica l  examination,
a  petechia l  rash i s  observed a l l  over his  body. Suspecting meningi ti s , the phys ician orders  a  lumbar puncture, reveal ing gram-negative diplococci
(Neisseria meningitidis) on Gram sta in. The phys ician wishes  to use a  more sens i tive test to confi rm this  as  the causative agent. Which of the
fol lowing tests  combines  features  of gel  di ffus ion and immunoelectrophores is  and i s  appl icable only to negatively charged antigens?

a. Coagglutination (COA)
b. Counterimmunoelectrophores is  (CIE)
c. Enzyme-l inked immunosorbent assay (ELISA)
d. Latex agglutination (LA)
e. Radioimmunoassay (RIA)

494. A 21-year-old female presents  to the emergency room with a  high fever, hypotens ion, and a  di ffuse, macular, sunburn-l ike rash that i s
desquamating. She i s  a lso vomiting, has  profuse diarrhea, leukocytos is , thrombocytopenia , and elevated BUN and creatinine levels . His tory from
her roommate reveals  that these symptoms s tarted soon after the patient began packing her nose to s top chronic nose bleeds . Suspecting S.
aureus, a  nasa l  swab specimen i s  obta ined and sent to the laboratory. Which of the fol lowing rapid tests  wi l l  be ordered and depends  on the
presence of protein A on certa in s tra ins  of S. aureus?

a. COA
b. CIE
c. ELISA
d. LA
e. RIA

495. A 50-year-old bui lding contractor arrives  in your office compla ining of abdominal  pa in that has  increased in severi ty over the past 3 months .
He has  noticed melenic s tool . Ordering a  s igmoidoscopy, a  10-cm mass  i s  vi sua l i zed in the transverse colon. Surgery i s  immediately done and the
tumor excised. As  part of the patient’s  postsurgica l  fol low through of this  resected carcinoma of the colon, blood i s  obta ined and sent to the
laboratory to monitor levels  of the tumor marker known as  CEA. Which of the fol lowing tests  involves  the measurement of very smal l  quanti ties  of
CEA through competi tion of radiolabeled and unlabeled antigen for the same l imited amount of antibody?

a. COA
b. CIE
c. ELISA
d. LA
e. RIA

496. A 13-year-old male arrives  at his  doctor’s  office with a  severe sore throat and very high fever. On phys ica l  examination, the phys ician observes
his  pharynx to be inflamed with a  s igni ficant exudate a long with tender cervica l  lymph nodes . Laboratory tests  reveal  a  leukocytos is . Suspecting
Group A β-hemolytic Streptococcus pyogenes, a  throat swab and cul ture are obta ined. Us ing a  rapid diagnostic ki t recently obta ined, the phys ician
decides  to test the specimens  himsel f. This  test involves  inert particles  that are sens i ti zed with ei ther antigen or antibody. Which of the fol lowing
tests  i s  used extens ively to detect microbia l  antigens  rapidly (5 minutes  or less )?

a . COA
b. CIE
c. ELISA
d. LA
e. RIA

497. A 7-month-old baby who i s  fa i l ing to thrive i s  brought into a  neighborhood cl inic. His tory reveals  that the baby’s  mother died of AIDS 2 months
ago. Blood i s  obta ined and sent to the laboratory to check for HIV infection. The phys ician orders  a  test whose detection system is  based on
enzymatic activi ty. Which of the fol lowing tests  i s  a  heterogeneous  immunoassay?

a. COA
b. CIE
c. ELISA
d. LA
e. RIA

Questions 498 to 502

A 29-year-old pregnant female gives  bi rth to a  s ti l lborn chi ld. His tory reveals  that the woman continued to have close contact with her five cats , by
emptying l i tter boxes  and feeding them raw meat, during pregnancy, aga inst her phys ician’s  advice. An autopsy i s  conducted, and multiple cysts
are found in the feta l  bra in, lungs , l i ver, and eyes . As  a  confi rmatory test, the pathologis t orders  an enzyme immunoassay to detect the presence
of Toxoplasma gondii. The diagram below presents  the various  s teps  (labeled A-F) of the enzyme immunoassay.



498. Fa i lure of or improper methods  for which s tep in the process  i s  the primary cause of high background color?

a. A
b. B
c. C
d. D
e. E
f. F

499. Where i s  unlabeled antibody attached i f this  enzyme immunoassay i s  intended for detection of antigen?

a. A
b. B
c. C
d. D
e. E
f. F

500. What i s  the location of the “sol id phase”?

a. A
b. B
c. C
d. D
e. E
f. F

501. Addition of reagent at which s tep wi l l  cause color in the pos i tive control  wel l  and reactive patient specimens?

a. A
b. B
c. C
d. D
e. E
f. F

502. What i s  the location of the patient’s  specimen in the diagram?

a. A
b. B
c. C
d. D
e. E
f. F

503. An 18-year-old male patient with acute lymphocytic leukemia  fa i l s  a l l  s tandard chemotherapies . Cel l s  from an HLA-nonidentica l  donor are
used to perform a  bone marrow transplant. Prior to transplantation, the patient i s  given broad-spectrum antibiotics  and an immunosuppress ive
regimen. Within 2 to 4 weeks , lymphocyte and granulocyte numbers  begin to ri se, confi rming bone marrow cel l  engraftment. However, 1 month
later, the patient develops  diarrhea, jaundice, and a  severe maculopapular rash. Phys ica l  examination reveals  hepatosplenomegaly. Which of the
fol lowing i s  most l ikely occurring?



a. Acute rejection
b. Chronic rejection
c. Cyclosporine A toxici ty
d. Graft versus  host disease (GVHD)
e. Hyperacute rejection

504. A 27-year-old male patient (blood group O) arrives  at the emergency room with a  mass ive intestina l  bleed (hematochezia). Within hours  he
has  lost ha l f of his  blood volume, and you decide to transfuse. Due to human error, you transfuse blood group AB into him and within minutes  he
develops  a  fever, chi l l s , dyspnea, and a  dramatic drop in blood pressure. This  reaction i s  most l ikely due to which of the fol lowing?

a. A cel l -mediated response aga inst AB antigens
b. IgG production by the recipient in response to AB antigens
c. Preformed anti -A and anti -B antibodies  in the recipient
d. Preformed anti -A and anti -B antibodies  of the blood donor
e. Preformed isohemagglutinins  of the IgG i sotype

505. During a  cl inic office vis i t, a  35-year-old male s tockbroker shows  s igns  of excess ive nervousness  and i rri tabi l i ty and compla ins  that the office
is  too hot. His tory and phys ica l  examination reveals  the presence of a  goi ter and exophthalmia . Laboratory analys is  of his  blood reveals  high
antibody ti ters  aga inst the thyroid-s timulating hormone (TSH) receptor. Which of the fol lowing i s  the most l ikely diagnos is?

a. Goodpasture syndrome
b. Graves  disease
c. Hashimoto disease
d. Juveni le-onset diabetes  mel l i tus
e. Myasthenia  gravis
f. Pernicious  anemia
g. Rheumatoid arthri ti s
h. Systemic lupus  erythematosus  (SLE)

506. A 9-year-old female with a  recent his tory of weight loss  and vis ion problems arrives  at the hospi ta l . Soon after, i t i s  determined that she has
low blood glucose, and autoantibodies  aga inst β cel l s  are detected in her serum. Which of the fol lowing i s  the most l ikely diagnos is?

a. Goodpasture syndrome
b. Graves  disease
c. Hashimoto disease
d. Juveni le-onset diabetes  mel l i tus
e. Myasthenia  gravis
f. Pernicious  anemia
g. Rheumatoid arthri ti s
h. SLE

507. A 35-year-old woman with fever, weight loss , fatigue, and pa inful  joints  and muscles  presents  to her phys ician’s  office. The phys ician notes
that she has  marked photosens i tivi ty and a  rash on the cheeks  and over the bridge of her nose. Laboratory tests  reveal  anemic conditions  and the
presence of anti -DNA antibodies . Which of the fol lowing i s  the most l ikely diagnos is?

a. Goodpasture syndrome
b. Graves  disease
c. Hashimoto disease
d. Juveni le-onset diabetes  mel l i tus
e. Myasthenia  gravis
f. Pernicious  anemia
g. Rheumatoid arthri ti s
h. SLE

Questions 508 to 512



Diagram depicting the process  of T-cell activation by dendritic cells (profess ional  antigen presenting cel l s , APC). Shown are a  CD4 helper T cel l  (TH), a
CD8 cytotoxic T cel l  (CTL), and dendri tic cel l s  (DC). Major his tocompatibi l i ty complex (MHC) molecules  are a lso shown. CD4 co-receptor i s  shown for
TH cel l  activation, and CD8 co-receptor i s  shown for CTL activation. There are 2 zeta  cha ins  and 4 CD3 complex molecules  (γ, δ, ε, ε). The rectangles
associated with zeta  and CD3 are the ITAMs. Costimulation, second s ignal  molecules  CD28 and B7 are shown for both TH and CTL activation.

508. Which of the fol lowing molecules  represent the primary or prototypica l  members  involved in s igna l  2 mediated activation of na ïve T cel l s?

a . CD28, B7-1 or B7-2
b. CTLA-4, CD28, PD-1
c. CTLA-4, B7-1 or B7-2
d. B7-H1, B7-H3, PD-1

509. The fol lowing best describes TCR recognition of antigen:

a . Binds  to conformational  determinants  of whole proteins
b. Binds  to l inear determinants  of whole proteins
c. Binds  to peptide in the context of MHC
d. Binds  to peptide without MHC
e. Binds  to large glycoproteins

510. Which of the fol lowing best describes the TCR complex?

a. αβ TCR covalently l inked with CD3 and ζ cha ins
b. αβ TCR covalently l inked with CD2 and CD28
c. αβ TCR noncovalently associated with CD3 and ζ cha ins
d. αβ TCR noncovalently associated with CD2 and CD28
e. αα TCR noncovalently associated with CD3 and ζ cha ins

511. The membrane associated T-lymphocyte antigen receptor or TCR i s  best described asa:

a . Heterodimer cons is ting of cova lently l inked α and β cha ins
b. Homodimer cons is ting of cova lently l inked α and β cha ins
c. Homodimer associated with Igα and Igβ
d. Monomer associated with Igα and Igβ



e. Heavy cha in monomer associated with β2m

512. Nearly 95% of mature T cel l s  possess  a  T-cel l  receptor (TCR) complex that conta ins :

a . Igβ and Igα
b. CD28 and TCR γδ
c. A highly variable antigen coreceptor and TCR γδ
d. Four CD3 molecules  (γ, δ, ε, ε), each cova lently l inked to the TCR αβ heterodimer
e. Invariable ζ cha in homodimer noncovalently associated with the TCR αβ heterodimer

513. A preschool  boy i s  diagnosed with an immunodeficiency characterized by impaired T-cel l  activation. The defect i s  caused by a  genetic
a l teration of a  membrane protein whose cytoplasmic ta i l  i s  involved in s igna l ing associated with TCR recognition of peptide antigen in the
context of MHC. Which of the fol lowing proteins  does  NOT fi t this  description?

a. CD3γ
b. ζ cha in
c. TCRβ
d. CD4
e. CD8

514. The germl ine antigen receptor loci  for both a lpha and beta  cha ins  of the TCR are found in:

a . Al l  nucleated cel l s
b. Double pos i tive T cel l s  only
c. Naïve CD4+ T cel l s  only
d. Naïve CD8+ T cel l s  only
e. Pre-T cel l s  only

515. The processes  of negative selection for T lymphocytes  el iminates  those T cel l s  with TCRs  that

a . Do not recognize sel f-peptide/sel f-MHC
b. Recognize foreign-peptide/sel f-MHC complexes  with low avidi ty/affini ty
c. Recognize foreign-peptide/sel f-MHC complexes  with high avidi ty/affini ty
d. Recognize sel f-peptide/sel f-MHC complexes  with low avidi ty/affini ty
e. Recognize sel f-peptide/sel f-MHC complexes  with high avidi ty/affini ty

516. Cel l s  of the immune system arise in the bone marrow. The cel l  that finishes  i ts  maturation in the thymus  i s  the

a. Fol l i cular B-2 B lymphocyte
b. Margina l  zone B lymphocyte
c. NK cel l
d. αβ T lymphocyte
e. Dendri tic cel l

517. A 1-month-old infant with a  bright red rash and purulent conjunctivi ti s  i s  admitted to the hospi ta l . Examination revealed eos inophi l ia , low
lymphocyte count, and no thymic shadow. Lymphnodes  were enlarged and opportunis tic infections  noted. The diagnos is  was  a  form of SCID termed
Omenn syndrome, an autosomal  recess ive form of SCID. Mutations  in which of the fol lowing would expla in this  disease?

a. MHC class  I
b. MHC class  I I
c. CD3 or TCR αβ
d. RAG-1 or RAG-2
e. CD4 or CD8

518. Class -I  MHC-restricted CD8+ T cel l  (CTL) responses  to tumors  can be demonstrated in patients  with various  types  of tumors , yet most of these
tumors  do not express  costimulatory molecules . Which mechanism most l ikely expla ins  how naïve CD8+ T cel l s  speci fic for antigens  expressed by
these tumors  are activated and di fferentiate into CTLs?

a. Tumor secretion of TGF-β
b. Tumor secretion of IL-12
c. Tumor express ion of B7
d. Di rect priming of the CTLs
e. Cross  priming of the CTLs

519. A 47-year-old woman had a  mastectomy because she had breast carcinoma that was  previous ly diagnosed by biopsy. Pathologic examination
revealed that severa l  axi l lary lymph nodes  conta ined metastatic tumors . A test was  performed on the tumor cel l s  extracted from the mastectomy
specimen, which indicated that the tumor cel l s  overexpressed a  certa in cel lular proto-oncogene. On the bas is  of this  test resul t, the patient was
treated with an FDA-approved monoclonal  antibody speci fic for the protein encoded by that gene. Which of the fol lowing was  most l ikely the
protein target of the FDA-approved pass ive antibody therapy?



a. HPV E6, E7
b. Her2/Neu
c. CA-125
d. CD20
e. CEA

520. Which of the fol lowing does  not describe a  documented mechanism of tumor-mediated immune evas ion?

a. Down regulation of class  I  MHC
b. Secretion of TGF-β
c. Secretion of decoy molecules
d. Antigenic variation

521. Which of the fol lowing best describes  the mechanism(s ) of action of CTLA-4?

a. Signal  1 and costimulation
b. Competi tion and inhibi tion
c. Activation and prol i feration
d. ZAP-70 and ITAMs
e. PD-1 and PD-L1



Answers

428 to 431. The answers are 428-a, 429-c, 430-c, and 431-d. (Kindt, pp 372-396. Parham, pp 365-398.) Reactions  to smal l  amounts  of drugs  can occur, as
i l lus trated in the skin test us ing penici l loyl  polylys ine to reveal  a  penici l l in a l lergy or type I  hypersens i tivi ty reaction. In Question 429, the gi rl  was
l ikely exposed to poison ivy or poison oak (contact dermati ti s ) which i s  attributed to a  type IV hypersens i tivi ty reaction. An Arthus  reaction i s  a
loca l i zed type of reaction mediated by aggregates  of antibody and antigen and i s  characteris tic of type II I  hypersens i tivi ty reactions . In Question
430, only hypersens i tivi ty reactions  type I  and IV are associated with skin tests . Type I  i s  commonly referred to as  a  cha l lenge in which a  speci fic
antigen i s  injected intradermal ly into a  sens i ti zed individual , creating a  “wheal  and flare” (erythema and edema) reaction. Type IV
hypersens i tivi ty i s  commonly associated with tubercul in injections  to recognize the presence of delayed type hypersens i tivi ty. In Question 431, Rh
disease and Goodpasture syndrome are the resul t of antibodies  that have formed aga inst normal ly present host antigens  on red blood cel l s  and
the kidney’s  glomerular basement membrane, respectively. Thus , these two diseases  are associated with type II  reactions . The table below
describes  these reactions  in deta i l .



432 and 433. The answers are 432-b and 433-a. (Kindt, pp 284, 498. Parham, pp 170-171, 341-342.) Bruton agammaglobul inemia  i s  a  congenita l  defect that
becomes  apparent at approximately 6 months  of age, when maternal  IgG i s  diminished. It occurs  in males  and i s  characterized by a  defective btk
gene, very smal l  tons i l s , low levels  of a l l  five classes  of immunoglobul ins , and no mature B cel l s . Thus , the chi ld i s  unable to produce
immunoglobul ins  and develops  a  series  of bacteria l  infections  characterized by recurrences  and progress ion to more serious  infections  such as
septicemia. The most common organisms  respons ible for infection are H. influenzae and S. pneumoniae. Treatment cons is ts  of pooled IgG. Cel l -
mediated immunity i s  not affected, and the chi ld i s  able to respond normal ly to diseases  that require this  immune response for resolution, such
as  the meas les  vi rus , varicel la -zoster vi rus , and M tuberculosis. The other diagnoses  do not describe the speci fic cl inica l  scenario outl ined in this
case. Also, i t i s  important to note that s ince the main defect in this  chi ld’s  immunity i s  in the B-cel l  l ine, in that, the chi ld i s  unable to produce
immunoglobul ins . The organism that would be most dangerous  to the chi ld i s  C. trachomatis because the B-cel l  l ine (antibodies ) i s  typica l ly
respons ible for i ts  el imination from the host.



Note: Immunodeficiency i s  characterized by unusual  and recurrent infections :

• B-cel l  (antibody) deficiency—bacteria l  infections
• T-cel l  deficiency—vira l , fungal , and protozoal  infections
• Phagocytic cel l  deficiency—pyogenic infections  (bacteria l ), skin infections , systemic bacteria l  opportunis tic infections
• Complement deficiencies—pyogenic infections  (bacteria l )

434 and 435. The answers are 434-e and 435-a. (Kindt, pp 30-40. Parham, pp 220-230, 352-356.) Cel l s  can be di fferentiated based on unique cel l  surface
markers  (antigens). In this  case, a  CD4:CD8 ratio of less  than 1 indicates  a  s igni ficant reduction in the helper T-lymphocyte population. The surface
proteins  that best represent this  pool  are MHC I, TCR, CD3, and CD28. CD4 i s  a lso associated with helper T lymphocytes . B lymphocytes  have MHC I,
IgM, B7 CD19, and CD20. Cytotoxic T lymphocytes  have MHC I, TCR, CD3, and CD8, whi le macrophages  have MHC I, MHC II , and CD14. An important fact
to remember i s  that a l l  hea l thy cel l s  other than mature red cel l s  have class  I  MHC. The B7 surface protein on the antigen-presenting cel l  i s  the
costimulatory molecule and must interact with the CD28 on the helper T cel l  for ful l  activation to occur (see the fol lowing figures .)





(A) Schematic overview of hematopoies is , emphas izing the erythroid, myeloid, and lymphoid pathways . This  highly s impl i fied depiction omits
many recognized intermediate cel l  types  in each pathway. Al l  of the cel l s  shown here develop to maturi ty in the bone marrow, except T
lymphocytes , which develop from marrow-derived progenitors  that migrate to the thymus. A common lymphoid s tem cel l  serves  as  the progenitor of
T and B lymphocytes  and of NK cel l s . Dendri tic cel l s  ari se from both the myeloid and lymphoid l ineages . (Reproduced, with permission, from Parslow
TG, et al. Medica l  Immunology. 10th ed. New York, NY: McGraw-Hill; 2001:3.)

(B) Clonal  selection of lymphocytes  by a  speci fic immunogen. Left: The unimmunized lymphocyte population i s  composed of cel l s  from many
di fferent clones , each with i ts  own antigen speci fici ty, indicated here by the dis tinctive shapes  of the surface antigen receptors . Right: Contact with
an immunogen leads  to selective prol i feration (pos i tive selection) of any clone or clones  that can recognize that speci fic immunogen. (Reproduced,
with permission, from Parslow TG, et al. Medica l  Immunology. 10th ed. New York, NY: McGraw-Hill; 2001:62.)

436. The answer is a. (Kindt, pp 2-3, 475-490. Parham, pp 1-7, 437-441.) Recurrent severe infection i s  an indication for cl inica l  eva luation of immune
status . Live vaccines , including BCG attenuated from M. tuberculosis, should not be used in the eva luation of a  patient’s  immune competence
because patients  with severe immunodeficiencies  may develop an overwhelming infection (disseminated disease) from the vaccine. For the same
reason, ora l  (Sabin) pol io vaccine i s  not advisable for use in such persons . The other vaccines  l i s ted are acel lular and should be safe to use in
this  cl inica l  scenario described.

437. The answer is e. (Kindt, pp 475-484. Parham, pp 24, 437-445.) Meas les -l ike vi rus  has  been i solated from the bra in cel l s  of patients  with SSPE. The
role of the host immune response in the causation of SSPE has  been supported by severa l  findings  including the fol lowing: (1) progress ion of
disease despi te high levels  of humoral  antibody; (2) presence of a  factor that blocks  lymphocyte-mediated immunity to SSPE-meas les  vi rus  in
SSPE-CSF; (3) lys i s  of bra in cel l s  from SSPE patients  by SSPE serum or CSF in the presence of complement (a  s imi lar mechanism could cause in vivo
tissue injury). SSPE i s  particularly common in those who acquired meas les  before 2 years  of age and i s  very rare after meas les  vaccination.

Higher-than-normal  levels  of serum antibodies  (Ab) to meas les  vi rus  and loca l  synthes is  of meas les  Ab in CSF, as  evidenced by the ol igoclonal
IgG, imply a  connection between the vi rus  and MS. However, the other s tudies  have impl icated the other vi ruses . Severa l  s tudies  of cel l -mediated
hypersens i tivi ty to meas les  and other vi ruses  in MS have been done, but the resul ts  have been confl i cting. Defini te conclus ions  regarding defects
in cel lular immunity in this  disease cannot be reached unti l  further research i s  completed.

CJD i s  caused by the prion, which i s  an a l tered host protein that becomes  infectious  in nature. It i s  characterized by myoclonic jerking a long with
characteris tic EEG changes . PML i s  associated with the JC vi rus  (JCV), whi le this  cl inica l  scenario i s  not characteris tic of EBV infection.

438. The answer is c. (Kindt, pp 426-440. Parham, pp 455-459.) Transplantation terminology i s  being tested in this  question. An autograft i s  a  transfer of
an individual ’s  own ti ssue to another s i te in the body. An i so-graft (syngeneic graft) i s  the transfer of ti s sue between genetica l ly identica l
individuals , such as  monozygotic twins . An a l lograft i s  the transfer of ti s sue between genetica l ly di fferent members  of the same species  (ie,
brother to s i s ter, dizygotic twins , etc), whi le a  xenograft i s  the transfer of ti s sue between di fferent species  (eg, pig va lve to human heart). In this
case, one uni t i s  the patient’s  own blood (an autologous  donation) whi le the second uni t i s  his  older brother’s  blood (most l ike an a l lograft
donation). If his  brother had been an identica l  twin, then (e) would be the correct answer.

439. The answer is b. (Kindt, pp 403, 410-412. Parham, pp 403-416.) This  cl inica l  case represents  a  patient suffering with SLE. The diagnos is  of SLE i s
best supported by detecting the presence of anti -dsDNA and anti -Smith (anti -Sm) antibodies . The presence of anti -dsDNA antibodies  are very
speci fic for SLE and represent a  poor prognos is  for disease. Antinuclear antibodies  (ANA) can a lso be detected us ing fluorescent antibody tests .
The other antibodies  l i s ted are related to other autoimmune diseases  as  fol lows: anticentromere antibodies  in CREST syndrome and occas ional ly
in systemic scleroderma, antimitochondria l  antibodies  in primary bi l iary ci rrhos is , antineutrophi l  antibodies  in antineutrophi l  cytoplasmic
antibodies  (ANCA)-associated vascul i ti s  (systemic vascul i ti s ), and anti -TSH receptor antibodies  in Graves  disease (hyperthyroidism).

440. The answer is a. (Kindt, pp 66, 495t, 501-503. Parham, pp 57, Ch 13.) The patient in this  case has  chronic granulomatous  disease (CGD), an X-l inked
(65%) or autosomal  recess ive (35%) inheri ted disease. Patients  with CGD are not able to generate a  respi ratory burst a fter granulocyte and
monocyte s timulation. Thus , they are unable to ki l l  microorganisms. Answers  a , b, and c are a l l  involved in the respiratory burst; however, the
centra l  enzyme is  the NADPH oxidase (answer a). Without this  enzyme, hydrogen peroxide (answer b), superoxide (answer c), and other microbia l
reactive oxygen species  would not be generated. Answer d depicts  the synthetic pathway for ni tric oxide, a  potent vasodi lator. Answers  e and f are
reactions  involving common metabol ic enzymes  in various  bacteria .



441. The answer is c. (Kindt, pp 193-195. Parham, pp 133-139.) The figure shown in the question i s  a  schematic representation of the MHC class  I
molecule, which has  a  CD8 binding s i te (α3) and a  peptide-binding s i te (α1 and α2). MHC class  I  i s  active on a l l  nucleated cel l s .

442. The answer is a. (Kindt, pp 85-89. Parham, pp 95-105.) The ini tia l  response to a  new infection i s  with an IgM class  antibody. IgM develops  quickly
and usual ly disappears  within a  few months . The secondary response i s  IgG and reflects  the patient’s  immune s tatus  or, in the case of chicken
pox, a  vaccination given.

443. The answer is d. (Kindt, pp 168, 185-186, 502. Parham, pp 343-345.) Patients  with complement deficiencies  such as  C5 through C9, which form the
membrane attack complex (MAC), are predisposed to disseminated meningococca l  (neisseria l ) disease. These patients  may a lso be susceptible
to gonococca l  (neisseria l ) infection. There appears  to be no dispos i tion to AIDS or to fungal , paras i tic, or pneumococca l  infections .

444. The answer is d. (Kindt, pp 346-347. Parham, pp 58-60.) The acute-phase response i s  a  primitive, nonspeci fic defense reaction, mediated by the
l iver, which increases  innate immunity and other protective functions  in s tress ful  times . It can be triggered by chronic autoimmune disorders  such
as  rheumatoid arthri ti s  and Crohn disease. This  response occurs  when hepatocytes  are exposed to IL-6 and IL-1 or TNF-α. LPS i s  a  potent inducer of
these cytokines . They are respons ible for fever, somnolence, loss  of appeti te, and, i f the response i s  prolonged, anemia  and cachexia  (wasting). A
tradi tional  assay known as  the erythrocyte sedimentation rate (ESR) may be used as  an indicator of an acute-phase response. The ESR involves
measuring the rate at which the red blood cel l s  fa l l  through plasma, which increases  as  fibrinogen concentration ri ses . Currently, Crohn disease
may be treated with infus ions  of a  drug known as  infl i ximab, which i s  a  mouse-human chimeric antibody aga inst human TNF-α or adal imumab, a
ful ly humanized monoclonal  antibody aga inst human TNF-α. The FDA has  approved these monoclonal  antibody drugs  in the treatment of Crohn
disease, rheumatoid and psoriatic arthri ti s , ankylos ing spondyl i ti s , moderate to severe chronic psorias is , and juveni le idiopathic arthri ti s .

445. The answer is d. (Kindt, pp 99-100. Parham, pp 117-118, 267-268.) Maternal  transfer of antibody (secretory IgA in the colostrum of breast mi lk),
however, i s  pass ive but s ti l l  confers  speci fic immunity. It i s  termed passive acquired immunity. Natura l  immunity i s  nonspeci fic. The natura l  immune
functions  described are not speci fic for a  certa in antigen. For example, certa in proteins  such as  C-reactive protein (CRP) are acute-phase reactants .
Whi le elevated CRP i s  seen in infection, i t i s  not disease speci fic.

446. The answer is b. (Kindt, pp 77-78.) Haptens  (incomplete antigens) are not themselves  antigenic, but when coupled to a  cel l  or carrier protein
become antigenic and induce antibodies  that can bind the hapten a lone (in the absence of the carrier protein). They are smal l  molecules  that are
genera l ly less  than 1000 kDa. Whi le haptens  react with antibodies , they are not immunogenic because they do not activate T cel l s  and cannot bind
the MHC. Haptens  are s igni ficant in disease; penici l l in i s  a  hapten and can cause severe l i fe-threatening a l lergic reaction by destruction of
erythrocytes . Catechols  in the oi l s  of poison ivy plants  are haptens  and cause a  s igni ficant skin inflammatory response. Chloramphenicol  i s  a
hapten that can lead to the destruction of leukocytes  and cause agranulocytos is . Sedormid i s  a  hapten that can cause thrombocytopenia  and
purpura  (bleeding) through the destruction of platelets .

447. The answer is e. (Kindt, pp 87, 95-100. Parham, pp 115-118.) The radia l  immunodi ffus ion and immunoelectrophores is  are two tests  used to
evaluate humoral  immunity. Eva luating humoral  immunity cons is ts  of measuring the levels  of IgM, IgG, and IgA in the patient’s  serum. Whereas
tota l  IgG i s  greater than tota l  IgM in the fetus  due to the maternal  transfer of IgG and not IgM across  the placenta , i t i s  important to remember
that IgM is  the antibody produced in the greatest amounts  by the fetus . The fetus  a lso produces  IgG and IgA, but the fetus  produces  greater
amounts  of IgM than these other two important antibodies .

448. The answer is d. (Kindt, pp 508-509, 512. Parham, pp 25-26, 351-361.) HIV-2 disease i s  very rare in the United States . However, HIV-2 i s  present in
Africa , the Far East, and some parts  of the Caribbean. Many of the screening tests  for HIV-1 wi l l  not detect antibodies  to HIV-2. Ei ther a  separate
HIV-2 antibody test or a  combination HIV-1/2 i s  necessary. Whi le HTLV disease i s  a l so seen in the same geographic areas , the symptoms
displayed by this  patient are more akin to HIV disease. Whi le an HIV-1 RNA PCR i s  a  useful  test for monitoring the resul ts  of HIV therapy, i t i s  not
approved for diagnos is , nor wi l l  i t detect HIV-2 nucleic acid.

449. The answer is c. (Kindt, pp 30, 35-36, 360-363. Parham, pp 16, 65-66.) NK cel l s  do not express  a  cel l  surface TCR/CD3 complex and are CD4–. About
hal f of human NK cel l s  are CD8+. Also, most NK cel l s  express  an Fc IgG receptor, known as  CD16, and CD56, a  neura l  cel l  adhes ion molecule variant.
NK cel l s  are genera l ly CD16+, CD56+, and CD3–, which contrasts  them with T cel l s , which are CD3+, CD16–, and CD56–. In addi tion, B cel l s  are
associated with CD19 and CD20.

450. The answer is e. (Kindt, pp 175-176, 338-339. Parham, pp 39-42.) C3a  and C5a are potent mediators  of inflammation; that i s , they have
anaphylatoxin activi ty. This  activi ty i s  characterized by smooth-muscle contraction and the degranulation of mast cel l s  and basophi l s  leading to
the release of his tamine and other vasoactive substances , caus ing increased vascular (capi l lary) permeabi l i ty. C5a  i s  the most potent of these
anaphylatoxins ; however, i t a l so serves  another role as  a  potent chemotactic agent, attracting polymorphonucleated neutrophi l s  and
macrophages  to the s i te of inflammation.

451. The answer is a. (Kindt, pp 33, 426-440. Parham, pp 460-469.) Al lograft rejection i s  primari ly a  T-cel l  response to foreign ti ssue. Many
immunosuppress ive measures  exis t, including cyclosporine, tacrol imus , s i rol imus , azathioprine, monoclonal  antibodies , radiation, and
corticosteroids . Commonly used, the corticosteroids  reduce inflammatory response and are genera l ly adminis tered by cytotoxic drugs , such as
cyclosporine. Corticosteroids  function as  immunosuppress ive agents  by inhibi ting cytokine production, such as  IL-1 and TNF, and a lso by lys ing
certa in T-cel l  types . Lymphoid i rradiation i s  usual ly done so that the bone marrow is  shielded. This  removes  lymphocytes  from lymph nodes  and
spleen whi le a l lowing the patient to have the capaci ty to regenerate new T and B cel l s . Likewise, anti lymphocyte globul in wi l l  destroy the
recipient’s  lymphocytes , especia l ly T cel l s . Destruction of donor B cel l s  and T cel l s  would not play a  role in the immunosuppress ion of the graft
recipient. In graft cri ses , monoclonal  antibody to CD3 i s  sometimes  given. This  targets  mature T lymphocytes  for destruction.

452. The answer is c. (Kindt, pp 77-78. Parham, pp 115-119.) With repeated immunization, higher ti ters  of a l l  antibodies  are observed, and, as  priming
is  repeated, the immune response recrui ts  B cel l s  of progress ively greater affini ty. The affini ty of antibody for a  hapten–protein complex ri ses ,
polyclonal  cross -reactivi ty a lso ri ses , and the response becomes  wider in speci fici ty. As  the number of antigenic s i tes  detected per reacting
particle increases , the avidi ty increases . In addi tion to shi fts  in the class  of immunoglobul in synthes ized in response to an antigen (IgM-IgG),
shi fts  a lso may occur in the idiotype of antibody.

453. The answer is b. (Kindt, pp 151-153.) In precipi tation reactions , both the antigen and the antibody are soluble. The antibody cross -l inks  antigen
molecules , creating an increas ing lattice that eventual ly forms  an insoluble precipi tate. The antigen must be diva lent, and the antigen/antibody
proportion i s  cri ti ca l  in order for detectable precipi tate to form. The prozone i s  the zone of antibody excess . The postzone i s  the zone of antigen
excess . The zone of equiva lence i s  the zone where the proportion of antibody and antigen i s  optimal  for precipi tate formation. Ti ter i s  the



reciproca l  of the highest di lution (ratio) of antibody (or antigen) at which there i s  s ti l l  a  detectable reaction (see figure on the next page).

(Modified and reproduced, with permission, from Stites D, Terr A, Parslow T (eds). Bas ic and Cl inica l  Immunology. 9th ed. Origina l ly publ i shed by Appleton
& Lange. Copyright © 1997 by The McGraw-Hill Companies.)

454. The answer is b. (Kindt, pp 96t, 99-100. Parham, pp 117-118.) Each secretory IgA molecule has  a  molecular weight of 400,000 and cons is ts  of two
H2L2 uni ts  and one molecule each of J cha in and secretory component. Some IgA exis ts  in serum as  a  monomer H2L2 with a  molecular weight of
160,000. Some bacteria , such as  Neisseria, can destroy IgA-1 by producing protease. It i s  the major immunoglobul in in mi lk, sa l iva , tears , mucus ,
sweat, gastric fluid, and colostrum. IgA does  not fix complement, so one would anticipate that a  complement fixation test would not be useful  for
IgA antibody. It i s  important to remember that of the five classes  of immunoglobul ins , only IgG and IgM are complement-fixing/activating
antibodies .

455. The answer is d. (Kindt, pp 9, 55, 168-187. Parham, pp 33-41.) Both IgG and IgM activate complement by the class ic pathway, whi le IgA activates  i t by
the a l ternative pathway. IgA, IgD, and IgE cannot activate complement. Complement i s  a  system of severa l  proteins  that i s  activated by ei ther an
immune or a  nonimmune pathway. Both of these pathways  resul t in the production of many biologica l ly active components  that cause cel l  l ys i s
and death. Thus , i t plays  a  s igni ficant role in the inflammatory process . In addi tion, products  of the complement cascade are associated with
enhancing opsonization, neutra l i zation of invading pathogens , and clearance of debris  by the CR1 on erythrocytes . In this  cl inica l  case, the patient
is  suffering from severe l iver fa i lure. This  s igni ficant reduction in l iver function has  led to a  reduced abi l i ty by the patient to produce sufficient
complement proteins , and as  a  resul t the patient i s  predisposed to infections  caused by pyogenic bacteria . See the below figure.



The class ic and a l ternative pathways  of the complement system indicate that proteolytic cleavage of the molecule at the tip of the arrow has
occurred; a  l ine over a  complex indicates  that i t i s  enzymatica l ly active. Note that the nomenclature of the cleavage products  of C2 i s  undecided.
Some ca l l  the large fragment C2a and others  ca l l  i t C2b. The C3 convertase i s  depicted here as  C4b, 2b. Note that proteases  associated with the
mannose-binding lectin cleave C4 as  wel l  as  C2. (Reprinted, with permission, from Levinson W, Jawetz E. Medica l  Microbiology and Immunology. 7th ed.
New York, NY: McGraw-Hill; 2002:401.)

456 to 460. The answers are 456-d, 457-c, 458-e, 459-b, and 460-a. (Kindt, pp 95-100, 170-173. Parham, pp 115-120, 264-271.) IgG antibody provides  an
“immune his tory.” That i s , IgG antibody pers is ts  in most people and indicates  the antigens  to which they have been exposed. IgG i s  not formed
early in infection but i s  a  secondary response aris ing weeks  to months  after antigenic cha l lenge. IgG a lso has  a  bui l t-in memory. Even people with
very low levels  of speci fic IgG wi l l  respond to an antigen chal lenge with an IgG response.

IgM antibody, in contrast, ari ses  early in infection and then disappears  within a  couple of months . IgM is  intravascular and does  not cross  the
placenta l  barrier. For this  reason, infants  with speci fic IgG responses  to disease must be tested for IgM to determine whether thei r immune
systems have produced antibody or whether the test was  pos i tive because of pass ively transferred IgG from mother to chi ld. The cl inica l  case
described in Question 465 i s  of a  young patient with hyper-IgM syndrome. This  immune deficiency presents  early in l i fe with severe pyogenic
infections , resembl ing those seen in X-l inked hypogammaglobul inemia; however, unl ike X-l inked hypogammaglobul inemia  (very low levels  of a l l
immunoglobul ins , vi rtua l  absence of B cel l s , found in young boys  with female carriers  being immunologica l ly normal ), hyper-IgM syndrome
patients  have a  high IgM concentration, low IgG, IgA, and IgE concentrations , and normal  T- and B-cel l  numbers . The problem exis ts  in a
mutational  defect in the CD40 l igand in CD4-pos i tive helper T cel l s , leading to fa i lure of normal  interaction between this  l igand on T cel l s  and
CD40 on B-cel l  surfaces . This  fa i lure leads  to an inabi l i ty of the B cel l s  to class  switch from IgM production to other antibodies . Treatment includes
pooled gamma globul in.

IgA antibody i s  involved in loca l  immunity at the level  of the mucous  membrane. It a l so ari ses  early in disease, i s  short l ived, and wi l l
disappear s imi larly as  IgM.

IgE antibody i s  characteris tica l ly seen in paras i tic infections , particularly worm (helminth) infections  because of the attraction of eos inophi l s  to



the s i te of the infestation. Certa in a l lergies  are due to excess ive production of IgE. The patient in this  case has  i ri chinos is  as  a  resul t of
consuming undercooked pork and ingesting the paras i te Trichinella spiralis. IgE speci fic for worm proteins  binds  to receptors  on eos inophi l s ,
promoting the release of worm-destroying enzymes  involved in the antibody-dependent cel lular cytotoxici ty (ADCC) response.

IgD antibody cons is ts  of two l ight cha ins  and two heavy cha ins . Its  role i s  not known, but i t can be found on the surface of lymphocytes , where i t
may act as  a  surface receptor.

IgG i s  susceptible to proteolytic enzymes , which may expla in why i t i s  present in such low levels  in serum. In addition, the fetus  has  more tota l
IgG, than IgM, as  a  resul t of maternal  placenta l  IgG transfer, even though IgM is  produced in greater amounts  by the fetus .

461 to 465. The answers are 461-a, 462-b, 463-e, 464-c, and 465-d. (Kindt, pp 455-460, 448-454.) Borrelia burgdorferi, the causative agent of Lyme disease,
el ici ts  an acute antibody response. IgM appears  within days  to a  few weeks  fol lowing tick bi te, and IgG appears  a  few weeks  later. IgG pers is ts ;
IgM does  not. Cross -reactions  occur with other treponemes.

Fi fth disease i s  a  vi ra l  exanthem commonly seen in chi ldren 8- to 12-year-old. Chi ldren are i l l  for a  few days  but recover without incident,
usual ly within about 1 week. Unfortunately, i f a  pregnant female acquires  the disease in the fi rs t trimester of pregnancy, the fetus  i s  at ri sk. The
causative agent i s  thought to be a  parvovi rus  (Parvovi rus  B19). Fi fth disease i s  a l so known as  erythema infectiosum or s lapped cheek syndrome.
The four other maculopapular or macular rash diseases  of chi ldhood are meas les , roseola , rubel la , and scarlet fever.

Adults  with no ti ter to varicel la  (VZV) are at ri sk for acquis i tion of chicken pox. If they are heal th care workers , there i s  addi tional  ri sk of
transmitting VZV to immunodeficient chi ldren. Antibodies  to VZV are readi ly detected by both enzyme immunoassay (EIA) and fluorescent antibody
(FA) techniques .

Del ta  agent i s  a  recently discovered antigen associated with HBsAg. Its  presence usual ly correlates  with HBsAg chronic carriers  who have
chronic active hepati ti s . EIA and RIA tests  are ava i lable to detect antibodies  to del ta  agent.

SSPE i s  thought to be caused by a  meas les -related vi rus  present in the centra l  nervous  system. Most SSPE patients  show elevated meas les  vi rus
antibodies  in serum and CSF. In patients  with MS, lower CSF antibody ti ters  have been observed, suggesting a  poss ible etiologic role for meas les
vi rus  in MS.

466 to 470. The answers are 466-d, 467-c, 468-d, 469-b, and 470-d. (Kindt, pp 185-186, 493-504. Parham, pp 403-418.) Immunodeficiency disorders  can be
categorized according to whether the defect primari ly involves  humoral  immunity (bone marrow derived, or B lymphocytes ) or cel lular immunity
(thymus  derived, or T lymphocytes ) or both. Swiss -type hypogammaglobul inemia, ataxia-telangiectas ia , the Wiskott-Aldrich syndrome, and severe
combined immunodeficiency disorders  a l l  involve defective B-cel l  and T-cel l  function. Infanti le X-l inked agammaglobul inemia  i s  caused chiefly by
deficient B-cel l  activi ty, whereas  thymic hypoplas ia  i s  mainly a  T-cel l  immunodeficiency disorder.

In Question 466, this  2-year-old patient has  ataxia  (s taggering)-telangiectas ia  (spider angiomas), an autosomal  recess ive immune disorder
associated with both a  lymphopenia  (cel lular) and IgA deficiency (humoral ). Question 467 describes  a  patient with X-l inked
hypogammaglobul inemia  or Bruton agammaglobul inemia, which only occurs  in boys  and i s  characterized by low levels  of a l l  immunoglobul in
classes  and the absence of a lmost a l l  B cel l s . Pre-B cel l s  are present; however, they fa i l  to di fferentiate into B cel l s . Cel l -mediated immunity i s
relatively normal . Recurrent bacteria l  infections  occur after about 6 months  of age when protective maternal  IgG antibody decl ines . The fetus
represented in Question 468 has  severe combined immunodeficiency disease (SCID) characterized by defects  in early s tem cel l  di fferentiation. As
a  resul t, B cel l s  and T cel l s  are both defective, immunoglobul ins  are very low, and tons i l s  and lymph nodes  are absent. Thymic aplas ia  or
DiGeorge syndrome marks  the young chi ld in Question 469. Fa i led development of the thymus  and the parathyroids  lead to hypoparathyroidism,
hypocalcemia, and ul timately a  spastic para lys is  (s trong muscle contractions  or tetany). Fina l ly, Wiskott–Aldrich syndrome (Question 470), an X-
l inked defect, i s  associated with reduced IgM levels  and variable cel lular-mediated immunity.

471 to 474. The answers are 471-a, 472-c, 473-a, and 474-d. (Kindt, pp 33, 426-440, 443-444. Parham, pp 465-475.) Transplantation from one region of a
person to another region of that same person i s  an autograft and has  the best chance of succeeding. When a  transplant i s  done between
monozygotic twins , i t i s  an isograft and has  a  complete MHC compatibi l i ty and a  good chance of success . Allografts are between members  of the
same species , and xenografts are between members  of di fferent species . Both of these transplants  have a  high rate of rejection unless
immunosuppress ion accompanies  the transplant.

475 to 477. The answers are 475-d, 476-c, and 477-b. (Kindt, pp 101-102.) Isotypes  are determined by antigens  of the immunoglobul in classes  found in
a l l  individuals  of one species . In addi tion to heavy-chain i sotypes  of IgA, IgD, IgE, IgG, and IgM, two l ight-chain i sotypes  exis t for κ and λ cha ins .

Al lotypes  are di fferentiated by antigenic determinants  that vary among individuals  within a  species  and are recognized by cross -immunization
of individuals  in a  species . Al lotypes  include the Gm marker of IgG and the Inv marker of l ight cha ins .

Idiotypes  are antigenic determinants  that appear only on the F(ab) fragments  of antibodies  and appear to be loca l i zed at the l igand-binding
s i te; thus , anti -idiotype antisera  may block reactions  with the appropriate hapten. The carbohydrate s ide cha ins  of immunoglobul ins  are
relatively nonimmunogenic. New determinants  may be exposed after papain cleavage of immunoglobul ins , but these determinants  are not
included in the class i fi cation of the native molecule.

478. The answer is f. (Kindt, pp 186. Parham, pp 33-42, 344.) This  patient has  a  class ic case of heredi tary angioedema. This  disease i s  characterized by
a  deficiency of complement control  proteins  such as  C1 esterase inhibi tor, leading to overactive complement (reduced C4 levels ). Uncontrol led
generation of vasoactive peptides  (C3a and C5a) causes  increased blood vessel  permeabi l i ty, caus ing heredi tary angioedema. Edema, especia l ly
of the larynx, obstructs  the a i rways . Abdominal  pa in may indicate that the patient has  angioedema of the gut.

479. The answer is d. (Fauci, pp 483, 577-578. Kindt, pp 536-537. Parham, p 503.) The best-characterized human tumor-associated antigens  are the
oncofeta l  antigens . CEA i s  a  glycoprotein and member of the immunoglobul in gene superfami ly and i s  elevated in colorecta l  cancer. α-Fetoprotein
(AFP) i s  ana logous  to a lbumin and elevated in hepatocel lular carcinoma. Prostate-speci fic antigen (PSA) i s  elevated in prostatic cancer. CEA, AFP,
and PSA are a l l  glycoproteins . Melena refers  to a l tered (black) blood per rectum, indicative of an upper gastrointestina l  bleed. A patient’s  tumor
markers  are best used cl inica l ly in the monitoring of the efficiency of the anti tumor therapy and remiss ion periods  posttreatment.

480 and 481. The answers are 480-b and 481-e. (Kindt, pp 493-495, 500-502. Parham, pp 350-361.) HIV infection affects  mainly the immune system and the
bra in. The main immunologic feature of HIV infection i s  progress ive depletion of the CD4 subset of T lymphocytes  (T-helper cel l s ), caus ing a
reversa l  in the normal  CD4:CD8 ratio, leading to immunodeficiency. Currently, ELISA i s  the bas ic screening test to detect anti -HIV antibodies .
Repeated reactive ELISA tests  should be confi rmed us ing ei ther western blot or immunofluorescence. The western blot detects  speci fic antibodies
against the various  HIV proteins  (antigens). As  s tated previous ly, the western blot i s  pos i tive when two or more of the p14, gp41, gp120, or gp160
bands  are present in the gel .

482. The answer is b. (Kindt, pp 389-391. Parham, pp 309-310.) Anti -Rh antibodies  (IgG are reactive at 98.6°F [37°C]) are the leading cause of hemolytic



disease of the newborn (HDN). Currently, Rh immunization can be suppressed in antepartum or postpartum Rh–women i f high-ti ter anti -Rh
immunoglobul in (RhIg) i s  adminis tered within 72 hours  after the potentia l ly sens i ti zing dose of Rh+ cel l s  (ie, the bi rth of the chi ld). The other
choices  wi l l  do nothing to prevent the development of HDN in future pregnancies .

483 and 484. The answers are 483-g and 484-c. (Kindt, pp 29-30, 440-442, 494-498. Parham, pp 347-350, 476-477.) Immune deficiency disorders  occur as  a
resul t of impaired function in one or more of the major immune system components  such as  B lymphocytes , T lymphocytes , B and T lymphocytes ,
phagocytic cel l s , and complement. Unusual  and recurrent infections  are the ha l lmark of immunodeficiency. SCID occurs  as  a  resul t of an early
defect in s tem cel l  di fferentiation and may be caused as  a  resul t of defective IL-2 receptors , adenos ine deaminase deficiency, or fa i lure to make
MHC class  I I  antigens . This  condition i s  characterized by B- and T-cel l  deficiency and presents  with recurrent infections . The other disorders  l i s ted
do not have both B- and T-cel l  deficiency with an absence of a  thymus  gland. Defini tive treatment of SCID cons is ts  of s tem cel l  transplantation,
with the idea l  donor being a  s ibl ing with identica l  human leukocyte antigens  (HLA).

485. The answer is b. (Kindt, pp 95-98, 477-480. Parham, p 272.) There are three forms  of immunity: active, pass ive, and adoptive. Active immunity
involves  an individual  making his  or her own antibodies , ei ther natura l ly, by infection, or arti fi cia l ly by immunizations . Pass ive immunity refers  to
the transfer of preformed antibodies  from one individual  to another ei ther natura l ly (transplacenta l  or enteromammary antibodies  from mother to
fetus ) or arti fi cia l ly through gamma globul in injections  such as  anti toxins , anti -Rh, and antivenoms (black widow spider bi tes  and the l ike, etc).
Fina l ly, adoptive immunity refers  to the transfer of lymphoid cel l s  from an actively immunized donor and does  not involve antibody transfer.

486. The answer is e. (Fauci, pp 2054-2058. Kindt, pp 495-500. Parham, pp 346-360.) Patients  with T-cel l  defects  are genera l ly susceptible to vi ra l , fungal ,
and protozoan infections . This  can be especia l ly vi s ible in patients  with primary immunodeficiency diseases  such as  SCID. For further explanation
of immunodeficiencies , please refer to the answer explanations  for Questions  431 and 432, 474 to 478, 491 and 492.

487. The answer is b. (Kindt, pp 372-388. Parham, pp 367-385.) This  i s  an example of a  type I  hypersens i tivi ty reaction. Type I  hypersens i tivi ty i s  a l so
referred to as  anaphylaxis  or immediate-type hypersens i tivi ty. Major components  include IgE, mast cel l s /basophi l s , and pharmacologica l ly active
mediators . Exposure to antigen causes  IgE production, fol lowed by sens i ti zation of mast cel l s  and basophi l s . Subsequent encounter with the
same a l lergen (antigen) leads  to chemica l  mediator release (his tamine and the l ike, etc) and a lso leads  to cl inica l  symptoms associated with
asthma, a l lergic rhini ti s , and so on. This  reaction can occur within minutes  and can be extremely severe and l i fe-threatening.

488 to 492. The answers are 488-c, 489-a, 490-b, 491-e, and 492-d. (Kindt, pp 477-479. Parham, pp 243-439.) The fol lowing table presents  the patterns  of
hepati ti s  B vi rus  (HBV) serologic markers  observed in various  s tages  of infection with HBV. The diagnos is  of HBV infection i s  usual ly based on
three tests : hepati ti s  B surface antigen (HBsAg), antibodies  to surface antigen (HBsAg), and antibodies  to core antigen (HBcAg). Tests  are
ava i lable, however, for e antigen and antibodies  to e antigen. A variety of testing methods  are ava i lable and include enzyme immunoassay, RIA,
hem-agglutination, LA, and immune adherence. The del ta  agent has  recently been described. The del ta  agent exacerbates  infection with HBV,
apparently in a  synergis tic manner. Commercia l  tests  are now ava i lable for the del ta  agent.



493 to 497. The answers are 493-b, 494-a, 495-e, 496-d, and 497-c. (Kindt, pp 145-164.) Of the many methods  ava i lable for antigen and antibody detection,
LA, ELISA, RIA, CIE, and COA are the most widely used. LA employs  latex polystyrene particles  sens i ti zed by ei ther antibody or antigen. LA i s  more
sens i tive than CIE and COA, but s l ightly less  sens i tive than ei ther RIA or EIA. LA has  been used to detect H. influenzae, N. meningitidis, and S.
pneumoniae antigens  in CSF. LA has  a lso been used for detection of cryptococca l  antigen. Most recently, LA has  been widely used for rapid
detection of group A s treptococca l  antigen di rectly from the pharynx. The test i s  rapid (5 minutes ), sens i tive (approximately 90%), and speci fic
(99%).

COA, a lso an agglutination test, i s  s l ightly less  sens i tive than LA but i s  less  susceptible to changes  in the envi ronment (eg, temperature). Most



s tra ins  of coagulase-pos i tive s taphylococci  have protein A in thei r cel l  wal l . Protein A binds  the Fc fragment of microbia l  antigens  in body fluids .
COA has  a lso been used to rapidly type or group bacteria l  i solates .

Enzyme immunoassays  (EIAs ) can be ei ther homogeneous  (EMIT) or heterogeneous  (ELISA). EMIT has  been used primari ly for assays  of low-
molecular-weight drugs . Its  primary use in microbiology has  been for assays  of aminoglycos ide antibiotics . EIAs  vary as  to the sol id support used.
A variety of supports  can be used, such as  polystyrene microdi lution plates , paddles , plastic beads , and tubes . The number of layers  in the
antibody–antigen sandwich varies ; usual ly as  addi tional  layers  are added, detection sens i tivi ty i s  increased. The two most common enzymes  are
horseradish peroxidase (HRP) and a lka l ine phosphatase (AP). β-Galactos idase has  a lso been employed. O-phenylenediamine i s  the most
common substrate for HRP and p-ni trophenyl  phosphate for AP. Because EIAs  are usual ly read in the vis ible color range, the tests  can be read
qual i tatively by eye or quanti tatively by machine.

CIE was  origina l ly used for “Austra l ia  antigen” (HBsAg) but was  soon replaced by RIA. For a  decade, CIE was  used to detect antigens  in body
fluids . CIE i s  not an easy technique. Its  success  depends  on the control  of many variables , including sol id support, vol tage, current, buffer, a ffini ty
and avidi ty of antibodies , charge on the antigen, and time of electrophores ing.

RIA involves  the radiolabel ing of ei ther antibody or antigen (Ag) us ing 131Iodine (131I) or 125I  (radioisotopes). It measures  very smal l  quanti ties
and can be used to detect hormones , CEA, hepati ti s  B Ag, s teroids , prostaglandins , and morphine-related drugs  in patient sera .

498 to 502. The answers are 498-c, 499-a, 500-f, 501-e, and 502-b. (Kindt, pp 155-158.) The enzyme immunoassay (EIA, ELISA) has  become a  common
method for the detection of ei ther antibody or antigen in a  patient specimen. The technique i s  based on bui lding a  “sandwich.” For example, the
fol lowing sandwich i s  made on what i s  ca l led the solid phase. The sol id phase i s  usual ly a  plastic microti ter plate but can be a  plastic paddle or
even a  ni trocel lulose membrane. Fi rs t, whole Toxoplasma organisms  or puri fied antigenic components  of Toxoplasma are added to the plate and
the plate i s  washed off. Fa i lure of one or more of the washing s teps  or inadequate washing usual ly causes  high background color in the
developed plate.

The Toxoplasma antigen–antibody complex must be detected by the addition of a  second antibody to which i s  l inked an enzyme such as
horseradish peroxidase or a lka l ine phosphatase. The nature of this  second antibody i s  dependent on whether one wishes  to measure IgG or IgM.
If the test i s  for IgG, then the second antibody i s  antihuman IgG conjugated to an enzyme. Fol lowing another wash cycle, the enzyme substrate i s
added to the plate and color develops  in those wel l s  where the sandwich i s  complete. If the patient’s  serum does  not conta in speci fic antibody,
then the sandwich i s  not completed and there i s  no development of color. If the EIA i s  for detection of antigen, then the layers  of the sandwich are
as  fol lows:

Speci fic antibody
Patient specimen (conta in antigen)
Enzyme-labeled antibody speci fic for the antigen enzyme substrates

There are many variations  of the test us ing a  variety of antibodies , indicators  such as  fluorescence, and magnetic beads  as  sol id phases . EIA i s
more sens i tive than agglutination methods  or complement fixation and s l ightly less  sens i tive than RIA.

503. The answer is d. (Kindt, pp 19, 33, 367-368, 441-442. Parham, pp 456, 478-479.) GVHD occurs  due to attack by the graft aga inst the recipient. There are
three requirements  for GVHD rejection: (1) his tocompatibi l i ty di fferences  between the graft (donor) and host (recipient), (2) immunocompetent
graft cel l s , and (3) immunodeficient host cel l . Immunocompetent graft cel l s  may be “passenger” lymphocytes  or major cel l s  transplanted, and
must be present in the graft. Prevention of GVHD is  essentia l , as  there i s  no adequate treatment once i t i s  es tabl i shed.

504. The answer is c. (Kindt, pp 398-391. Parham, pp 455-458.) Al l  blood for transfus ion should be careful ly matched to avoid transfus ion reaction. As
shown in the tables  below, persons  with group O blood have no A or B antigens  on their erythrocytes  and are thus  cons idered to be universa l
donors . In contrast, persons  with group AB blood have nei ther A nor B antibody and thus  are universa l  recipients .

505 to 507. The answers are 505-b, 506-d, and 507-h. (Fauci, pp 1960-1967, 2037-2040, 2071-2073. Kindt, pp 403, 408-411, 442-443. Parham, pp 408-413.) Loss  of
tolerance by the immune system to certa in sel f-components  can lead to the formation of antibodies , caus ing ti ssue and organ damage. Such
diseases  are referred to as  autoimmune diseases. There are a  host of autoimmune diseases  characterized by the autoanti -bodies . The presence of
a  “butterfly” rash i s  a  class ic cutaneous  s ign of SLE and i s  characterized by a  rash over the bridge of the nose and on the cheeks .



508 to 512. The answers are 508-a, 509-c, 510-c, 511-a, and 512-e. (Kindt, pp 254-260. Parham, pp 211-230.) Naïve T cel l s  are activated by interaction with
dendri tic cel l s  in lymphnodes . Activation requires  s igna l  1, which i s  mediated by CD3, zeta  cha ins  and a  co-receptor fol lowing interaction of the
TCR with MHC and peptide. Signal  2 i s  cri ti ca l  for complete activation of na ïve T cel l s . The CD28 receptor i s  expressed by na ïve T cel l s  and sends
activating s igna l  2 to the T cel l s  a fter i t i s  engaged by ei ther B7-1 (CD80) or B7-2 (CD86). PD-1 and CTLA-4 are inhibi tory receptors  expressed by na ïve
T cel l s  that send s ignals  that block T cel l  activation, representing a  key mechanism of periphera l  tolerance, for example, when normal  sel f-
peptide antigens  are expressed in MHC I or MHC II  by dendri tic cel l s . CTLA-4 competes  with B7-1 and B7-2 for CD28. B7-H1 and B7-H3 are inhibi tory
l igands  expressed by dendri tic cel l s . PD-1 i s  bound by B7-H1 (PD-L1). B7-H3 binds  a  dis tinct receptor on na ïve T cel l s . T cel l s , via  thei r surface
expressed TCR, only recognize peptide fragments  of proteins  expressed by dendri tic cel l s  in the context of MHC I (CD8+ T cel l s ) or MHC II  (CD4+ T
cel l s ). The majori ty of TCRs  are comprised of a  surface expressed, nonsecreted, cova lently l inked a lpha–beta  (α, β) heterodimer. However, a
functional  TCR complex i s  made up of an a lpha–beta  heterodimer, noncovalently associated with the CD3 complex (γ, δ, ε, ε) and 2 zeta  (ζ) cha ins .
95% of a l l  T cel l s  express  an α, β heterodimer TCR. Approximately 5% of T cel l s  express  an γ, δ heterodimer TCR. This  rare subset of T cel l s  i s
primari ly associated with the gut. Igα and Igβ are associated with the B-cel l  receptor (BCR).

513. The answer is c. (Kindt, pp 254-259. Parham, pp 222-224.) Al though antigen (MHC-peptide) recognition by T cel l s  i s  mediated by the TCR i t i s
incapable of s igna l ing. Signal ing occurs  via  the CD3 complex and zeta  cha ins . Signal ing i s  a l so augmented by the TCR-co-receptors , CD4 and CD8.
Therefore, the TCR-β chain (as  wel l  as  the TCR-α chain) i s  incapable of s igna l  transduction.

514. The answer is a. (Kindt, pp 223-232. Parham, pp 125-131.) Like a l l  genes , TCR genes  are found in a l l  cel l s  with a  nucleus , a l l  cel l s  except red blood
cel l s .

515. The answer is e. (Kindt, pp 245-251. Parham, pp 187-205.) Thymic selection shapes  the periphera l  T cel l  repertoi re. The goal  i s  to pos i tively select
those T cel l s  express ing TCRs  that recognize peptides  from foreign proteins  (eg, microbia l  pathogens). Negative selection of T cel l s  in the thymus
is  the primary process  for preventing autoimmunity and i s  a  key mechanism of centra l  tolerance. T cel l s  with TCRs  that possess  too high affini ty for
normal  sel f-peptides  are el iminated by inhibi tory s igna ls  that resul ts  in the T cel l s  death.

516. The answer is d. (Kindt, pp 245-253. Parham, pp 187-197.) T cel l s  a l l  mature in the thymus  and B cel l s  mature in the bone marrow, hence the origin
of thei r names. It remains  unclear where NK cel l s  mature. Dendri tic cel l s  mature i s  periphera l  lymph ti ssues  such as  the spleen and lymph nodes .

517. The answer is d. (Kindt, pp 493-504. Parham, pp 125-128, 347-348.) This  i s  characterized by the lack of a  functional  TCR and BCR. Defects  in
recombination activating genes  1 and 2 (RAG-1 and RAG-2) would resul t in the lack of TCR and BCR gene rearrangement and subsequent protein
express ion. The outcome is  T and B cel l s  absent of antigen receptors  making them absent of immune function.

518. The answer is e. (Kindt, pp 208-217. Parham, pp 137-145.) Cross -priming or cross -presentation a l lows  endogenous ly acquired antigens  to be
presented in the context of MCH I. This  was  fi rs t described for pathogenic microbes  but i s  now a  recognized mechanism for activating CD8+ T cel l s
aga inst cancer cel l -associated antigens . Tumor cel l s  di rect priming would require that the tumor cel l  expresses  l igands  for CD28 for the second
s ignal . Tumor cel l s  rarely express  B7-1 or B7-2. Tumors  are not commonly known to express  IL-12 as  this  would resul t in TH1 type cel l -mediated
immunity, which would resul t in el imination of the tumor cel l s . Tumors  often secrete TGF-β1, a  potent immune suppressor.

519. The answer is b. (Kindt, pp 542-543. Parham, pp 502-505.) The immune system is  capable of recognizing and destroying tumor (cancer) cel l s . Cancer
cel l s  express  protein antigens  that range in immunogenici ty. Some are of vi ra l  origin (though rare) and are vary immunogenic others  (most) are of
sel f-origin and much less  immunogenic. Tumor antigens  can be expressed on the tumor cel l  surface or only intracel lularly, thus  both humoral  (B
cel l s ) and cel lular (T cel l s ) are important for tumor cel l s  ki l l ing. Li s ted are examples  of defined tumor-associated antigens . HPV E6, E7 are
associated with cervica l  cancer. CA-125 i s  associated with ovarian cancer. CD20 i s  associated with B-cel l  l ymphomas. CA-125 i s  associated with
colon cancer. Her2/neu i s  a  surfaced expressed growth factor receptor that i s  commonly overexpressed in breast cancer. Her2/neu overexpress ing



breast cancers  are success ful ly treated with pass ive immunotherapy comprised of adminis tration of an monoclonal  antibody (mAb) speci fic for
Her2/neu. The mAb is  commonly known as  herceptin or trastuzumab.

520. The answer is d. (Kindt, p 538. Parham, pp 498-500.) Tumor cel l s  have evolved mechanisms  to escape and evade immune recognition. These
mechanisms  include various  molecular genetic processes  of el iminating MHC I from the tumor cel l  surface. Mutations  inhibi t efficient antigen
process ing and presentation. Tumor cel l s  a l so block immune cel l s  by secretion of suppressor proteins , most commonly TGF-β1, and other cytokine
l ike “decoy” molecules  to confuse the immune system. Antigenic variation i s  an immune escape mechanism ascribed to pathogenic microbes  such
as  vi ruses  for example.

521. The answer is b. (Kindt, pp 259, 406. Parham, pp 220-223, 419-420, 501.) CTLA-4 i s  an antagonis tic/inhibi tory receptor normal ly expressed by T cel l s
that competes  with CD28 for binding of B7-1 and B7-2 and thus  prevents  the second s ignal  and subsequent T-cel l  activation. This  i s  a  key
mechanism of periphera l  tolerance and plays  role in preventing T-cel l  activation aga inst cancer cel l s . Adminis tration of antibodies  that bind and
block CTLA-4 a l lows  CD28 to bind B7-1 and B7-2 and mediate costimulation resul ting in the augmentation of anti tumor T-cel l  responses . This
pass ive immunotherapy approach has  been approved to treat advanced melanoma skin cancers . Signa l  1 i s  TCR complex and co-receptor
mediated. Co-s timulation (s igna l  2) i s  via  CD28-B7 engagement, fol lows  s ignal  1, and resul ts  in activation and prol i feration. PD-1/PD-L1 are a
dis tinct T-cel l  inhibi tory receptor and i ts  l igand. ZAP-70 and ITAMs are involved in intracel lular T-cel l  activation s ignal  transduction.
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procedura l  s teps  for, 35

gram-negative bacteria , 27, 53, 59, 67, 76, 177, 181, 218, 225, 237, 269, 283, 286
cel l  wal l s  of, 56, 59, 67

gram-pos i tive bacteria , 59, 63, 67, 72–74, 76, 225
cel l  wal l s  of, 56, 59, 67

Graves  disease, 409, 422
group A s treptococci  (GAS), 179, 231, 236, 239, 243, 248, 253, 285
group B s treptococci  (GBS), 8, 183, 231, 236, 257
growth curves , 2, 33, 41–42

antibiotics  and, 41
of incubating cul tures , 41

GVHD. See graft versus  host disease

H
HAART. See highly active anti retrovi ra l  therapy
Haemophilus species , 146, 226, 255

H ducreyi, 10, 54, 55, 279
H influenzae, 10, 69, 145, 146, 192, 197, 216, 221, 222, 230, 236, 259, 392, 397, 418, 434

hantavi rus  pulmonary syndrome (HPS), 146, 150, 151, 174
haptens , 392, 423, 425, 431
HAV. See hepati ti s  A vi rus
HBcAg testing, 89, 160, 433
HBeAg testing, 93, 117, 136, 141, 160, 403
HBsAg testing, 89, 141, 158, 403, 433
HBV. See hepati ti s  B vi rus
HCV. See hepati ti s  C vi rus
HDV. See hepati ti s  D vi rus
Helicobacter pylori, 10, 220, 243, 256
hemagglutinating antibody responses , 104
hematochezia , 408
hematopoies is , 419
α-hemolytic s treptococci , 244, 252, 254, 255
hepati ti s , high-yield facts  about, 4
hepati ti s  A vi rus  (HAV), 4, 6, 89, 103, 130, 135, 145, 152–153, 155, 158, 168, 174
hepati ti s  B vi rus  (HBV), 4, 68–69, 73, 83, 89, 105, 110, 129, 130, 136, 137, 142, 145, 152–155, 160, 169, 172, 174, 433

serologic markers  of, 105, 137, 155, 433, 434
hepati ti s  C vi rus  (HCV), 4, 102, 142, 152, 153, 155, 157, 159, 167, 169, 172, 174
hepati ti s  D vi rus  (HDV), 4, 89, 129, 130, 136, 155, 174
hepati ti s  E vi rus  (HEV), 4, 130, 134, 135, 155, 167, 174
herpes  s implex vi rus  (HSV), 5, 29, 79, 82, 124, 131–134, 138, 139, 141, 142, 146–148, 152–153, 156, 159, 164, 166, 169, 171, 172, 228

acyclovi r and, 5, 131, 147, 156, 159, 169, 228
in HIV patients , 156–157, 169
type 1, 124, 131–133, 138–139, 141, 142, 146, 156, 169, 172
type 2, 5, 29, 79, 124, 131, 132, 148

herpesvi ruses , 3, 5
heterophi l  antibody test, EBV, 5, 102, 111, 126, 127, 152, 164
HEV. See hepati ti s  E vi rus
HGE. See human granulocytic ehrl ichios is
highly active anti retrovi ra l  therapy (HAART), 124, 125
Histoplasma species , 15, 317, 321

H capsulatum, 14, 306, 312–314, 316, 320, 327, 329
his toplasmos is , 295, 306, 313–314, 316, 326, 327

testing for, 293, 300
HIV. See human immunodeficiency vi rus
HIV RNA vi ra l  load, 81, 123, 126
HME. See human monocytic ehrl ichios is
Hortaea werneckii, 319, 320, 333
HPS. See hantavi rus  pulmonary syndrome
HPV. See human papi l lomavirus
HSV. See herpes  s implex vi rus
HTLV. See human T-cel l  l ymphotrophic/leukemia  vi rus
human granulocytic ehrl ichios is  (HGE), 12, 265, 280, 281
human immunodeficiency vi rus  (HIV), 22, 79–82, 95, 101, 113, 123–127, 135, 143, 144, 150, 151, 157, 166, 169, 171, 206, 225, 298, 322, 324, 380, 385, 390,
406, 431, 432. See also AIDS



diagnos is  of, 22, 79, 123
immunologic feature of, 432
risk for, 95, 143
testing and, 126, 127, 144, 390, 424
treatment s trategies  for, 322

human monocytic ehrl ichios is  (HME), 263, 278–280, 288
human papi l lomavirus  (HPV), 5, 88, 111, 113, 134, 145, 147, 153–154, 160–161, 165, 166, 172, 440
human T-cel l  l ymphotrophic/leukemia  vi rus  (HTLV), 6, 153, 156, 364, 394, 399, 424
hyaluronic acid capsules , 8, 75–77
hydatid disease, 369, 380, 381
hydrolytic enzymes , of bacteria , 1, 67
hydronephros is , 47
Hymenolepis species , 370
hypersens i tivi ty reactions , 383, 390, 402, 416, 417, 433

in tuberculos is , 22
types  of, 383

hyphae, 13–16, 295, 299, 300, 305, 306, 312, 315, 318, 320, 321, 324–332
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idiotypes , 399, 425, 431
IFN. See interferon
IFN-α. See interferon-α
IgA antibody, 131, 393, 426, 428

maternal  transfer of, 423
IgD antibody, 21, 426, 429, 431
IgE antibody, 21–23, 426, 428, 431, 433
IgG antibody, 17, 21, 23, 36, 60, 68, 123, 131, 136, 137, 155, 158, 159, 164, 169, 173, 243, 341, 365, 366, 395, 403, 417, 418, 421–422, 424–426, 428–432, 436
IgM antibody, 10, 21, 23, 60, 89, 131, 136, 137, 155, 158, 164, 169, 243, 364–366, 395, 399, 403, 424–426, 428–431, 434–436

fetus  and, 390, 424
imidazole, 14, 306, 324
immune responses , 67, 77, 121, 135, 235, 383
immune serum globul in (ISG), 137
immunity, types  of, 21, 23–24
immunization, 40, 46, 68, 104, 140, 159, 162, 167, 173, 180, 182, 210, 255, 385, 402, 425, 431, 432

arti fi cia l  active/pass ive, 402
immunodeficiency, 23, 182, 397, 412, 418
immunodeficiency disorders , 22, 429, 430, 433
immunoglobul ins , 68, 141, 159, 173, 390, 393–395, 399, 417, 418, 425, 426, 428, 430–432
immunology, 383–440

high-yield facts  about, 20–24
immunosuppress ion

corticosteroids  and, 425
grafts  and, 391, 425

infanti le meningi ti s , 31, 46, 48, 57, 70
infarction, 321
infectious  mononucleos is , 5, 126, 151, 152, 161, 163, 164, 228, 279, 364
influenza, 4, 7, 90, 97, 104, 108, 109, 112, 115, 122, 135, 145, 146, 154, 159, 166, 171, 174, 199, 246, 261, 282, 297, 308

pneumonia  after, 384
inhalation anthrax. See woolsorter’s  disease
innate immunity, 21, 147, 173, 422
interferon (IFN), 152, 153
interferon-α (IFN-α), 22, 102, 103, 117, 142, 147, 152, 153, 169, 173
intestina l  tract. See gastrointestina l  tract
invers ion mutations , 68
iodine treatment s tep, of gram sta ins , 35, 59
i ron metabol i sm, 53
ISG. See immune serum globul in
isograft, 421, 430
isoniazid, 44, 244
isotypes , 21, 399, 430, 431
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JC vi rus , 5, 171, 172, 421
juveni le onset diabetes  mel l i tus , 409
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Kapos i  sarcoma, in HIV patients , 5, 6, 153
katG, 44
KDO. See ketodeoxyoctulonate
Klebsiella, 10

K granulomatis, 55
K pneumoniae, 145, 218, 236, 245, 259

Koch postulates , 1
Kopl ik spots , 7, 133, 134, 169
Kuru, 92, 139, 140

L
LA. See la tex agglutination
β-lactam antibiotics , 1, 33, 57

a l lergy to, 71
res is tance to, 33

β-lactam ring, 52, 234, 235
β-lactamase, 1, 27, 52–54, 74, 190, 225, 234, 235, 237, 246, 248
Lactobacillus species , 207, 208
lag phase, of bacteria  growth curves , 33, 58
Lassa  fever, 122, 142, 160, 169, 174
latent infection

of adenovirus , 104, 153
of HSV, 104, 133

latex agglutination (LA), 16, 185, 308, 404
Legionnaires  disease, 10, 64, 177, 213, 218, 255
Leishmania, 17, 18, 374, 380
Leishmanias is , 374, 380
Leptospira interrogans, 233
leptospiros is , 207, 233, 251
LGV. See l ymphogranuloma venereum
l ice, 12, 177, 218, 267, 269, 281, 282, 289
l inezol id, 11
Listeria monocytogenes, 9, 94, 97, 142, 146, 180
l iver abscesses , 348
loa loa, 19
Loeffler medium, 12, 251
log phase, of bacteria  growth curves , 33, 58
lomefloxacin, 225
Löwenstein-Jensen medium, 10, 12
LPS, bacteria l , 2–3, 11, 22, 53, 56, 57, 67, 73, 75, 76, 227, 240, 254, 423
Lyme disease, 10, 36, 60, 243, 248, 278, 281, 349, 355, 373, 429

acute, 395, 396
lymphogranuloma venereum (LGV), 13, 55, 263
lymphoma
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mad cow disease, 139
Madura  foot, 312
major his tocompatibi l i ty complex (MHC), 22, 391, 410
malabsorption syndrome, 339, 362
malaria , 17, 18, 112, 338, 347, 355, 359, 361, 367, 368, 371, 379

control  methods  for, 347
Malassezia furfur, 294, 317
maternal  transfer of antibody, 389, 423
M bovis, 23
meas les , 6, 7, 79, 109, 121, 133, 134, 143, 145, 148, 150, 154, 159, 160, 165, 168, 169, 172, 173, 386, 396, 418, 420, 421, 429
meat, raw, 406
media

l imiting factors  of bacteria l  growth in, 34
selective, 11–12

meningi ti s , 6–10, 16, 23, 31, 35, 46, 48, 49, 54, 69–72, 74, 75, 95, 125, 127, 129–131, 135, 136, 142, 150, 166, 171, 212, 228
aseptic, 6, 7, 89, 127, 130, 135, 142, 150, 166, 171, 251, 278, 282
chi ldhood, 46, 70
cul ture of bacteria  caus ing, 64
infanti le, 171



metabol i sm, bacteria l , 53, 237
metabol i te detection, 307
methici l l in-res is tant S aureus (MRSA), 11, 46, 69, 70, 72, 74
metronidazole, 11, 18, 54
MHC. See major his tocompatibi l i ty complex
miconazole, 306, 307
microbiology. See molecular microbiology
Microsporum species , 4, 292, 294, 309, 317, 318, 324

M audouini, 292, 309, 311, 324
M canis, 309, 310, 329

minocycl ine, 248
missense mutation, 68
mitogens , 22, 76
molecular microbiology, 25–77

high-yield facts  about, 1–3
mol luscum contagiosum, 6, 172
monolactams, 237
mononucleos is , 5, 126, 143, 151, 152, 161, 163, 164, 228, 279, 364
Moraxella catarrhalis, 49, 74, 216, 246, 259
mosquitoes , 17, 19, 82, 94, 105, 112, 114, 118, 122, 138, 142, 155, 171, 174, 338, 347, 367, 368, 371, 373, 374

EEEV and, 138
mouth, normal  microflora  of, 246, 252, 327
MRSA. See methici l l in-res is tant S aureus
Mucor species , 13, 16, 328
mucormycos is , 306, 312, 320
mumps, 7, 96, 100, 133, 145, 150, 157, 158, 165
Mycobacterium species , 217

in HIV patients , 6
M avium complex, 6, 175, 196, 217, 244
M leprae, 10, 217
M tuberculosis, 10, 11, 22, 44, 54, 75, 76, 125, 217, 218, 237, 246, 250, 418, 420

mycology, 13, 291–305
high-yield facts  about, 13

Mycoplasma species , 12–13
high-yield facts  about, 12
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nal idixic acid, 225
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negative ssRNA vi ruses , high-yield facts  about, 7
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Neisseria species , 190, 235, 236

N gonorrhoeae, 57, 73–75, 227, 232, 246
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NGU. See nongonococca l  urethri ti s
Nocardia species , 321
nonfimbriated (fim–) s tate, 56
nongonococca l  urethri ti s  (NGU), 262, 266, 267, 272, 278, 282, 285
nonsense mutation, 45, 68
norfloxacin, 225
NPV. See negative predictive va lue
nucleic acid ampl i fi cation tests , 22, 29, 55, 144, 152
nucleic acid probes , 22, 29
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obl igate intracel lular paras i te, 4, 12, 262, 266, 283
ofloxacin, 225
Onchocerca volvulus, 19
opportunis tic fungi , high-yield facts  about, 73
opportunis tic infections , in HIV patients , 81, 124
ora l  candidias is , 401
orchi ti s , 7, 87, 133, 166
orni thos is , 262, 277
orthomyxoviruses , 4, 7
osteomyel i ti s , 8, 190, 224, 232, 237, 253, 283
oxaci l l in, 70, 74, 241
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PAP. See primary atypica l  pneumonia
papi l lomavirus , 3, 5, 88, 110, 154, 160. See also human papi l lomavirus
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paracoccidioidomycos is , 293, 300, 314, 316, 317, 326
Paragonimus species , 375

P westermani, 349, 350, 378
para influenza  vi rus , 7, 88, 90, 95, 134, 143
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parvovirus , 3, 5, 123, 135, 138, 141, 142, 147, 148, 152, 154, 161, 369, 395, 429
parvovirus  B19, 5, 123, 135, 138, 147, 148, 152, 154, 161, 165, 369, 429
pass ive immunity, 432
Pasteurella multocida, 10, 68, 181, 205, 224, 232, 250
PBPs . See penici l l in-binding proteins
PCP. See Pneumocystis carinii pneumonia
PCR. See polymerase chain reaction
PCR-restriction fragment length polymorphism assays , 44
penici l l in, 10, 11, 25, 41, 52, 54, 57, 59, 63, 64, 69–71, 74, 177, 179, 182, 186, 188, 218, 224–226, 230, 231, 233–237, 244, 246–248, 273, 275, 277, 280, 284, 286,
288, 294, 318, 416, 423

al lergies  and, 416
growth curves  and, 41
res is tance to, 248
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penici l l in G, 10, 186, 233, 248
penici l l inase, 52, 70, 180, 218, 234, 235
penici l l in-binding proteins  (PBPs), 31, 57, 70, 235
peptic ulcer, 118, 220
peptidoglycans , 1, 2, 70, 71, 75, 76, 227
peptidyl  transferase, inhibi tion of, 253
Pepto-Bismol , 11, 235
periplasmic space, 1, 53, 67
peri toni ti s , 283, 372
peroxidase, 3, 28, 54, 435, 436
pertuss is  toxin, 253
phys iology, 1–3, 25–77

high-yield facts  about, 1–24
picornavi ruses , 3, 6
pi l i , 1, 3, 8, 10, 56, 66, 67, 73, 75, 212, 227, 254
pinworm, 19, 362, 365, 366, 375, 376, 380
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bubonic, 69, 194, 242
pneumonic, 242

plasmids , 2, 43, 62, 63, 234, 248
Plasmodium species , 17, 338, 359, 367, 368, 379

P falciparum, 17, 338, 360, 361, 367, 368
P malariae, 17, 361, 367
P ovale, 17, 360, 361, 367
P vivax, 17, 360, 361, 367

PML. See progress ive multi foca l  leukoencephalopathy
pneumococca l  pneumonia , in HIV patients , 182, 255
Pneumocystis carinii pneumonia  (PCP), 323



Pneumocystis species , 323
P carinii, 16, 322, 323, 360
P jiroveci, 16, 322, 323

pneumonia , 7, 8, 10–13, 15, 16, 35, 138, 143, 145, 159
in HIV patients , 135
P jiroveci, 16, 322, 323
PCP, 323
postinfluenza l , 145
primary atypica l , 267
RSV, 90, 143
vira l , 97, 159, 171

pneumonic plague, 242
poly-D-glutamic acid, 76
polymerase chain reaction (PCR), 37, 61, 79

for determining HIV progress ion, 123, 390
for HSV meningi ti s , 82, 131
prevention of contamination of, 72
process  of, 61, 62

polyomavirus , 3, 5, 99, 100, 148, 150, 154, 171
porins , 35, 44, 52, 60, 67
posaconazole, 45, 307
pos i tive ssRNA vi ruses , high-yield facts  about, 6
postinfection, 123, 403
poxvi rus , 3–5, 140, 172
PPV. See pos i tive predictive va lue pregnancy

GBS and, 231
rubel la  infection in, 96, 124

primary atypica l  pneumonia  (PAP), 267, 278, 282
primers , for PCR, 37, 49, 61, 74
prions , 67, 68, 92, 119, 139, 140, 172, 421
progress ive multi foca l  leukoencephalopathy (PML), 171, 172, 386, 421
Propionibacterium, 186, 252
protease inhibi tors , 124
protozoa, 16, 18, 22, 23, 322, 323, 341, 345, 354, 355, 362, 369, 371, 378, 402, 418, 433
Pseudallescheria species , 313

P boydii, 313
pseudohyphae, 15, 80, 221, 223, 318, 320, 321, 331, 332
pseudomembranous  enterocol i ti s , 185, 229, 230, 248
pseudomonads , 240
Pseudomonas aeruginosa, 9, 43, 67, 221, 256, 258
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Q fever, 12, 24, 247, 262, 265, 277, 278, 280, 281, 284–286, 288
quel lung test, 197, 245
quinolones , 182, 225, 235
quinupris tin-da l fopris tin, 11

R
rabies , 7, 45, 68, 92, 108, 138–141, 154, 157, 158, 166, 170, 171
radioimmunoassay (RIA), 401, 404
rapid plasma reagin (RPR) test, for syphi l i s , 184
raw fi sh, 345, 350, 369
raw meat, 406
reactive oxygen species , 28, 74, 422
real -time polymerase chain reaction, 37, 48, 61, 72, 74
reoviruses , 4
respiratory burst pathway, 387, 390
respiratory diseases , 110, 134, 146, 160, 236, 250, 255, 286, 287

gram-negative rods  associated with, 221, 222, 232
hantavi rus , 7, 146, 147, 150, 151, 155, 162, 174

respiratory syncytia l  vi rus  (RSV), 7, 90, 121, 130, 138, 142, 143, 157, 160, 166, 169
respiratory tract, 84, 95, 130, 133, 134, 138, 143, 160, 166, 189, 205, 221, 222, 235, 245–247, 261, 284, 287, 288, 384

bacteria l  entry through, 189
retini ti s , 5, 165, 337, 360
reverse transcriptase, 4, 6, 57, 101, 123, 124, 130, 151, 157, 169, 225
reverse transcriptase inhibi tors , 124, 151, 169



Rh antibodies , 401, 432
rhabdovirus , 4, 7, 140
rheumatic fever, 8, 75, 240, 244, 275
rhinocerebra l  infections , 16
rhinoviruses , 6, 129, 133, 138, 158
Rhizopus species , 320, 328

R arrhizus, 297, 305
RIA. See radioimmunoassay
ribavi rin, 7, 84, 93, 94, 102, 107, 115, 130, 141, 142, 152, 153, 157, 158, 160, 166, 169, 173
50S ribosome, antibiotics  binding to, 70
Rickettsiae species , 12, 261–289

high-yield facts  about, 12
R australis, 280
R conorii, 280
R prowazekii, 277, 281, 282
R rickettsii, 277, 278, 280, 281
R sibirica, 265, 280
R typhi, 277

ri fampin, 11, 190, 222, 248
rimantadine, 166
RNA probes , 3, 4
RNA vi ruses , high-yield facts  about, 3–4, 6–7
Rocky Mounta in spotted fever, 12, 54, 284, 285, 287, 289
rotavi ruses , 7, 73, 115, 116, 134, 145, 148, 149, 154, 159–161, 167, 168
RPR test. See rapid plasma reagin test
RSV. See respi ratory syncytia l  vi rus
RT PCR, for determining HIV progress ion, 123
rubel la . See German meas les
rubeola . See meas les

S
Sabin-Feldman dye test, 352, 364, 377
Saint Louis  encephal i ti s  (SLE), 23, 156, 409, 421, 437
Salmonella species , 12, 38, 56

S enteritidis, 232
S typhi, 24

SARS. See severe acute respiratory syndrome
SBE. See subacute bacteria l  endocardi ti s
Schistosoma species , 18, 348, 367

S haematobium, 18, 372
S japonicum, 18, 372
S mansoni, 18, 372

schis tosomias is , 352, 353, 372, 375, 377, 378
SCID. See severe combined immunodeficiency disease
scrub typhus , 12, 262, 266, 278, 281, 289
sedormid, 390, 423
selective media , 7, 11, 32, 58, 60, 241, 250, 332, 420
sens i tivi ty, 10, 55, 61, 62, 64, 72, 127, 182, 192, 234, 239, 240, 247, 250, 255, 341, 387, 435

of bacteria l  tests , 10, 234
serologic markers , 433, 434
severe acute respiratory syndrome (SARS), 6, 83, 162
severe combined immunodeficiency disease (SCID), 22, 413, 430, 432, 433
sexual ly transmitted diseases , 5, 17, 262, 266, 332
Shiga-l ike toxin, 210–212, 242
Shigella, 9, 12, 34, 58–60, 246, 257, 259
s ickle cel l  disease, 147
s iderophores , 26, 52
s igmoidoscopy, 351, 352, 375, 400, 405
s imple di ffus ion, 52, 404
skin

normal  microflora  of, 252
as  porta l  of entry, 198, 245, 246, 317
specimens  of, 324
testing and, 384

s lapped cheek rash, 123, 143



SLE. See Sa int Louis  encephal i ti s ; sys temic lupus  erythematosus
smal lpox, 5, 6, 92, 140
snai l s , 344, 349, 374
Southern blot, 37, 38, 61, 62
speci fici ty, 21, 56, 75, 192, 228, 239

of bacteria l  tests , 56,
spheroplasts , 2, 39, 63
spherules , 13, 15, 294, 300, 301, 316, 319, 320, 327, 328
spider bi tes , 433
spirochetes , medica l ly important, 241
sporangiophores , 328
sporangiospores , 13, 301, 328
spores , 2, 13, 16, 58, 72, 73, 76, 219, 241, 254, 312, 323, 333
Sporothrix species , 14, 294

S schenckii, 317
sporozoans , 379
spotted fevers , 12, 54, 262, 265, 266, 280, 281, 284, 287, 289
sputum specimens , 182, 226, 273
SSPE. See subacute scleros ing panencephal i ti s
ssRNA vi ruses , high-yield facts  about, 4, 6
Stachybotrys chartarum, 294, 317
Staphylococcus species , 2, 8, 73, 74

medica l ly important, 241
S aureus, 2, 7, 11, 12, 43, 46, 57, 67, 69, 70, 72–74, 145, 146, 149, 153, 182, 188, 195, 218, 221, 224, 226, 230, 231, 234, 235, 237, 239, 241, 243, 245, 256, 258,
404
methici l l in-res is tant, 11, 46, 69, 70, 72, 74
vancomycin-indeterminate, 11, 182

S epidermidis, 49, 52, 74, 178, 190, 207, 208, 218, 239, 241, 245, 252, 256
S saprophyticus, 8, 181, 224, 241
testing for, 49
stationary phase, of bacteria  growth curves , 33, 58, 65
stem cel l  transplantation, 432
stool  species , adenovirus  detection in, 167, 168
Streptococcus species

group A s treptococci , 179, 195, 231, 236, 239, 243, 248, 253, 285
group B s treptococci , 8, 183
α-hemolytic, 8, 197, 201, 207, 244, 245, 252
S agalactiae, 8
S mutans, 67, 208, 252
S pneumoniae, 8, 11, 35, 42, 51, 57, 69, 77, 145, 146, 218, 224, 228, 236, 237, 245, 248, 286, 384, 418, 434
S pyogenes, 2, 8, 74–77, 212, 236, 244, 248, 253, 258, 405
S salivarius, 209, 252, 253
S viridans, 197, 245

streptomycin, 69, 244
Strongyloides stercoralis, 19, 377
subacute bacteria l  endocardi ti s  (SBE), 8, 197, 275
subacute scleros ing panencephal i ti s  (SSPE), 7, 100, 150, 154, 165, 172, 420, 421, 429
sul fa  drugs , 12, 70
sul fonamides , growth curves  and, 42, 65, 279
superoxide dismutase, 3, 9, 28, 54, 387
swine flu, 204, 250, 251
Synercid, 237
syphi l i s , 10, 184, 185, 228, 229, 231, 232, 279, 287
systemic lupus  erythematosus  (SLE), 23, 156, 409, 421

T
T cel l s , 22, 24, 154, 410, 411, 438–440

B7-1 (CD80)/B7-2 (CD86), 438
cytotoxic, 173
defects , 163, 433
markers , 17
with TCRs , 412

T pallidum hemagglutination test (TPHA), 184, 228
T pallidum immobi l i zation (TPI) test, 185, 228
Taenia species , 277, 367, 368, 370



T saginata, 19, 362
T solium, 19, 362, 369, 371, 381

tapeworms, 19, 349, 362, 365–367, 369, 370, 374, 380, 381
tetracycl ines , 11–13, 39, 71, 74, 233, 234, 243, 247, 248, 263, 267, 268, 277–280, 282, 283, 285
Thayer-Martin agar, 8, 12
thick-wal led spores , 316, 325
thiosul fate ci trate bi le sa l ts  sucrose medium, 205, 206, 250
thrombos is , 321
thrush, 16, 124, 125, 318, 401
tick-borne diseases , 279, 335

babes ios is , 263, 279, 335, 349, 374, 379
Borrelia burgdorferi and, 23, 36, 60, 112, 164, 233, 349, 395, 429
ehrl ichios is , 12, 262, 263, 265, 280, 283, 289
Lyme disease, 10, 36, 60, 233, 243, 248, 278, 281, 349, 355, 373, 395, 396, 429
RMSF, 277–281, 285

tinea  infections
tinea  barbae, 310
tinea  capi ti s , 292, 295, 300, 309, 311, 319
tinea  corporis , 295, 300, 301, 309, 310, 317, 319, 329
tinea  cruris , 309, 324
tinea  nigra , 295, 319, 320, 330, 333
tinea  pedis , 292, 294, 295, 300, 310, 311, 318, 319
tinea  unguium, 300, 310, 326
tinea  vers icolor, 14

TMP. See trimethoprim
tobramycin, 46, 69, 70, 185
togavi rus , 3, 6, 154
toxic shock syndrome (TSS), 7, 75, 191, 238
toxins , bacteria l , 253. See also endotoxins ; exotoxins
Toxocara species

Toxocara canis, 377, 378
Toxocara cati, 377, 378

Toxoplasma species
T gondii, 17, 125, 345, 347, 358, 364, 369, 377, 406
testing for, 341

toxoplasmos is , 341, 352, 353, 364, 366, 374, 376–378
TPHA. See T pallidum hemagglutination test
TPI test. See T pallidum immobi l i zation
transduction, of DNA, 1, 65, 66
transformation, of DNA, 1, 42, 65
trans i tion mutation, 68
transplantation terminology, 386, 421
transvers ion mutations , 68
travelers  diarrhea, 9, 242
trematodes , 20, 354, 361, 367, 374, 378
Treponema pallidum, 10, 29, 55, 184, 185, 233, 270, 274, 285
Trichinella spiralis, 19, 347, 378, 428
trichinos is , 352, 353, 377, 378
Trichomonas species , 378

T vaginalis, 17, 180, 337, 345, 347, 359, 360, 369, 378
trichomonias is , 223, 304, 332, 359, 378
Trichophyton species , 14, 318

T mentagrophytes, 309–310
T rubrum, 292, 299, 309–311, 328
T tonsurans, 292, 299, 309, 311

Trichosporon species , 301
Trichuris trichiura, 19, 341, 357
trimethoprim (TMP), 47, 70, 74, 250, 379
trimethoprim-sul fa  drugs , 379
trophozoi tes , 16, 17, 323, 332, 338, 339, 345, 360–362, 368, 369, 372, 375
Trypanosoma species , 17, 18, 347, 367

T cruzi, 17, 356, 366
T gambiense, 343, 347, 371

trypomastigotes , 371
TSS. See toxic shock syndrome



tuberculos is , 10, 11, 22, 24, 44, 54, 75, 76, 125, 217, 218, 224, 237, 246, 250, 321, 418, 420
tularemia. See Francisella tularensis
typhus , 12, 24, 262, 266, 277, 278, 280–282, 284, 285, 289

U
Ureaplasma urealyticum, 10, 13, 262, 267, 268, 272, 278, 282, 285
urethri ti s , nongonococca l , 8, 13, 18, 30, 49, 257, 262, 266, 360, 372
urinary s tone, 47
urinary tract infection, 8, 27, 200, 241, 252, 281

V
vaccination for, 45, 96, 107

common cold, 108
HAV, 4, 96, 145, 153
HBV, 145, 153, 160
HPV, 5, 96
influenza, 97, 108
meas les , 421
meningi ti s , 197
rabies , 93, 141, 158
rotavi ruses , 7, 161
rubel la , 96, 145, 148, 170
smal lpox, 140

vagina
vagini ti s , 8, 10, 17, 85, 124, 180, 208, 212, 224, 231, 236, 239, 252, 304, 318, 331, 332, 337, 345, 359, 360, 369, 378
vaginos is , bacteria l , 223, 304
vancomycin, 7, 11, 45, 59, 69–71, 82, 190, 193, 200, 226, 237, 247, 248, 250

res is tance to, 71
vancomycin-indeterminate S aureus (VISA), 7, 11, 182, 225, 226
vancomycin-res is tant enterococci  (VRE), 11, 71, 237
variant surface glycoproteins  (VSG), 347, 371
varicel la  zoster vi rus  (VZV), 5, 79, 385, 418

immune s tatus  and, 144, 385, 420, 422
reactivation of, 107, 279

variola , 5, 92, 133, 140
VDRL test. See Venereal  Disease Research Laboratory test
Venereal  Disease Research Laboratory (VDRL) test, 110, 184, 187, 228, 229, 231
verotoxin. See Shiga-l ike toxin
Vibrio species , 59

V cholerae, 11, 24, 206, 221, 234, 249, 257, 259
V parahaemolyticus, 203, 250, 257, 258
V vulnificus, 249, 258, 259

vira l  pneumonia , 97, 159, 171
virology, 2–4, 165

high-yield facts  about, 1–3
vi rulence factors , 26, 43, 74–76, 180, 191, 216, 221, 224, 237, 240, 256, 258
virus . See also specific viruses, eg, herpes  s implex vi rus

cancer and, 6, 18, 88, 96, 104, 134, 145, 154, 160, 173, 214, 372, 414, 431, 439, 440
Chlamydiae vs , 12, 135, 261, 264, 277, 283
entry routes  of, 198, 249
gastroenteri ti s  caused by, 5, 58, 115, 116, 133, 148, 159, 161, 167, 168, 202, 215, 257–259
prions  vs , 67, 68, 92, 139, 140

VISA. See vancomycin-indeterminate S aureus
viscera l  larva  migrans , 352, 353, 377, 378
VRE. See vancomycin-res is tant enterococci
VSG. See variant surface glycoproteins
VZV. See varicel la  zoster vi rus

W
walking pneumonia . See primary atypica l  pneumonia
warts , geni ta l , 134
West Ni le vi rus , 6, 82, 128
Western blot analys is , 22, 36, 60, 123, 126, 127, 401, 432
Western equine encephal i ti s , 6, 94, 100, 122, 141, 150, 174
Wiskott Aldrich syndrome, 23, 398, 401, 430
woolsorter’s  disease, 278



Wuchereria species
W bancrofti, 19, 343, 374

X
xenograft, 421, 430

Y
yeasts , 13, 320
Yersinia species , 243

Y enterocolitica, 249
Y pestis, 24

Z
zygomycos is , 320
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