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Bacterio

1 A 6-year-old boy arrives with his mother to the pediatric
emergency room complaining of pain in his right hand where a
stray cat had bit him the previous day. The mother had washed
the wound with soap and water but noticed the area around the
wound was red by that evening. The next morning, the boy
awoke crying and complaining of pain in his hand. The physical
exam reveals that he has an oral temperature ol 39°C. The skin
over the wound is erythematous. A serosanguineous drop is
expressed from the puncture wound and submitted for a culture
and Gram stain. The microbiology laboratory reports abundant
crowth of gram-negative coccobacilli. The organisms were
“acultatively anaerobic but failed to grow on MacConkey agar.
Which organism is most likely responsible for this infection?

(A) Capnocytophaga
(B) Eikenella

(C)} Escherichia

(D) Fusobacterium
(E) Pasteurella

A mother brings her 3-month-old baby to her pediatrician
: > he has been progressively more listless for 3 days. The
w has been constipated and has refused to nurse or take a
U'pon physical examination, the physician notes that the
has a sluggish papillary reaction to light, a weak gag reflex,
sor anal sphincter control. The physician tentatively diag-
tlns 3-month-old with infant botulism. Which test would
most reliable for confirming this diagnosis?
{A) Culture of the baby’s blood

iB) Culture of the baby's stool
0 Detection of toxin in food products

a (D) Detection of toxin in the baby's serum
O  (B) Detection of antitoxin antibodies in the baby's serum

-3 Which bacterial species is most commonly associated with
septicemia?

(A) Campylobacter coli

(B) Campylobacter fetus

(C) Campylobacter jejuni

(D) Campylobacter upsaliensis

(E) Helicobacter pylori
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"4 Which property is responsible for the survival and repli-

cation ol Mycobacterium tuberculosis in an infected patient?

a (A) Production of phospholipase C that degrades cellular
membranes

O  (B) Production of proteases that degrade IgM and IgG

O  (C) Phagocytized bacteria inhibit phagosome lyso-
some fusion

O (D) Phagocytized bacteria inactivate lysosomal en-
Zymes

a (E) Presence of a capsule that inhibits phagocytosis

"5 Which test is most reliable for diagnosing Clostridium
difficile disease?

(A) Gram stain of the stool

(B) Culture of the stool

(C) Assay of stool filtrates for toxin

(D) Assay of blood for toxin

(E) Nucleic acid amplification (NAA) for specific bacteria
in stool
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6  Sulfur granules are associated with which anaerobe?
a
a
a
a
a

7 A 28-vear-old pregnant patient sees her obstetrician and

(A) Actinomyces
(B) Bacteroides
(C] Bifidobacterium
(D) Clostridium
(E} Lactobacillus

complains of fever, pain when urinating. blood in her urine. and
severe lower back pain. The physician submits her urine for
culture; the next day. the laboratory reports an organism growth
count of greater than 10°/ml of urine. The organisms grew well
on both the bleod agar and MacConkey agar. producing beta-
hemolytic colonies on the blood agar plate and pink colonies on
the MacConkey agar. Which of the following is the most likely
causal organism?
A (A) Candida albicans
O (B} Emterococcus faccalis
a (C) lscherichia coli
4 (D) Proteus mirabilis
| (E) Staphylococcus aureus

8 Rifampin acts in a bactericidal manner by which
mechantsm?
a (A} Blocks peptide eclongation by inhibiting peptidyl-

transferase

B) Inhibits cross-linking of cell wall peptidoglycan
C) Inhibits DNA topoisomerases

}) Inhibits initiation of RNA synthesis
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I
E) Initiates premature release ol peptide chains from
ribosome

9 Streptococcus pnewmoniae can escape phagocytic clearance
by which mechanism:
{A) Capsule-mediated inhibition of phagocytosis
(B} Inhibition of phagosome/lysosome fusion
(C} Inhibition ol opsonization mediated by protein A
(D} Lysis of phagosome and replication in cytoplasm
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(E) Replication in fused phagosome/lysosome

10 A 14-day-old baby is admitted to the hospital with a fever,
hyperactivity. and a still neck. At the time of giving birth to the
baby. the mother complained of flu-like symptoms. Blood and
cerebrospinal fluid (CSF) were collected for culture. No organ-
isms were seen in the Gram stain of the CSF; however, the culture
ol blood and CSF became positive after 48 h ol incubation.
Colonies appeared weakly beta-hemolytic. and the Gram stain
was interpreted as gram-positive cocci or coccobacilll arranged
in single cells and pairs. Which organism is most likely responsi-
ble lor this baby’s infection?

Q  (A) Escherichia coli
d (B) Listeria monocytogenes
a (C) Neisseria meningitidis

(D) Group B Streptococcus agalactiae

Uog

(E} Streptococcus preumoniae

Which specimen should be collected on a swabs?
{A) Blood

(B} Cerebrospinal fluid

{C} Pecal material

(D) Sputum

(L) Urethral discharge
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Which antibiotic prevents transcription of DNA into RNAz
(A} Ciprofloxacin

(B} Lrythromycin

(C] Imipenem

(D} Rifampin

(E) Tetracycline
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13 A 36-year-old man undergoes coronary bypass surgery.
He receives celazolin prophylactically and at a dosage that is con-
tinued [or 2 days postoperatively. On the 10th postoperative day,
he develops a fever of 40°C with a heart rate of 110 beats per
minute (bpm) and a blood pressure of 100/70 mm Hg, His white
blood cell (WBC) count is 14.000/mm’. and a urinalysis reveals
many white blood cells per high power field. Cultures of blood.
urine, and the surgical wound are then obtained. The urine and
wound cultures are positive with gram-negative rods. The
organism is oxidase-positive and unable to ferment glucose.
Large. spreading, beta-hemolytic colonies are seen on shecp
blood agar, and colorless colonies are noted on MacConkey agar,
Antimicrobial susceptibility testing reveals the organism is
susceplible to imipenem and piperacillin-tazobactam, but it is
resistant to trimethoprim/sulfamethoxazole. These results are
characteristic of which organism?

{A) Acinetobacter haemolyticus
(B Burkholderia cepacia

{C} Moraxella catarrhalis

(D} Pseudomonas acruginosa

(L) Stenotrophomonas maltophilia
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14 A 16-year-old boy is taken to his family physician with a
1-week history of rhinitis and pharyngitis, as well as a low-grade
fever, malaise, and headache, The boy has no history of a rash.
He has a nonproductive cough and is short of breath upon exer-
tion. Chest radiograph reveals a density in the lower lobes, Gram
stain of induced sputum shows inflammatory cells, a few squa-
mous epithelial cells, and no predominant organism. No respi-
ratory pathogens are recovered in culture on routine media. A
rapid group A Streptococcus test is negative: a heterophil test is
also negative: the VDRL test is weakly positive; and serum cold
agglutinins are positive. Which organism is most likely responsi-
ble for this patient’s infection?

(A) Chlamydophila (Chlamydia) pnewmoniae
(B} Legionella pnenmophila

(C) Mycoplasma pnewmoniae

(D} Streptococcus pneumoniae

{El Treponema pallidum
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15 \When waking her 6-year-old son for school, a mother
wwerves that the boy is limping. She notices that his left knee is
ollen, red, warm to the touch, and movement is painful. He
Ltes he fell on the knee 2 days ago while playing with friends.
e mother brings her son 1o see their pediatrician, who removes
5 ml of cloudy fluid from the knee. A Gram stain and culture
' the fluid shows gram-positive cocci arranged in clusters (see
sure). Which organism is most likely the cause of the boy's

ymptoms?

(A) Bacillus cereus
(B) Enterococcus fuecalis

]

1

] (C) Neisseria gonorrhoeae

1 (D) Staphylococeus aureus

il (E) Streptococcus pyogenes

16 A physician working in a rural community in Russia sees
. number of local residents with signs and symptoms suggestive
Jf diphtheria. Which antibiotic should be used to treal these
vatients?

(A) Chloramphenicol

(B) Ciprotloxacin

(C) Doxycycline

(1) Metronidazole

(L) Penicillin
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17 Which statement about Staphylococcus aureus is correct?

O (A) Resistance to ampicillin/sulbactam is mediated by
beta-lactamases.
i (B) Resistance to dicloxacillin is mediated by beta-

lactamases.

4 (C) Resistance to oxacillin is mediated by beta-
lactamases.

O (D) Resistance o penicillin is mediated by beta-
lactamases.

a (E) Resistance to vancomycin is mediated by beta-
lactamases.

18 Which test is most commonly used to detect Tropheryma
whipplei?

(A) Culture

(B) Enzyme immunoassay

(C) Gram stain

(D) Nucleic acid-based tests

(E) Silver stain
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19  Bartonella quintana is the etiologic agent of trench fever or
“5-day” fever. This disease is characterized by severe headaches,
fever (recurring at 5-day intervals), weakness, and pain in the
long bones. Which arthropod is a vector of this disease?

(A) Fleas

{B) Lice

(C) Mosquitoes
(D) Sand flies
(E) Ticks

pooood

20 After an automobile accident, a 23-year-old woman
requires an emergency splenectomy. Her subsequent recovery is
uneventful. However, 4 weeks after the surgery, she is brought to
the emergency department unconscious and nonresponsive. The
emergency department physicians are unable to stabilize her,
and she expires 1 h after she arrived. Blood is collected for
culture, chemistry tests, and hematology tests. The technologist
examining the peripheral blood smear observes abundant bacte-
ria. Within 6 h, the blood culture is also reported to be positive
with gram-positive cocci (see figure). Which organism is most
likely responsible for this overwhelming infection?

(A) Enterococcus faecium

(B) Pepiostreptococcus anaerobius
(C) Staphylococcus aureus

(D) Streptococcus pnewmoniae
(E) Sireptococcus pyjogenes

CIEEEE S E




'SECTION |

21 A 46-year-old man had a bone marrow transplant in July
to manage his hematologic malignancy. In November, his family
notices that he seems conlused and disoriented. and they bring
him to see his oncologist. The physician notes that the man is
unable to stand without assistance and cannot state his location
or the day ol the week, A computerized tomographic (CT) scan
ol his brain reveals multiple lesions. He is taken to surgery. and
purulent material is drained from one ol the accessible lesions.
This sample is submitted 1o the microbiology luboratory for a
Gram stain and culture. Gram-positive cocei and long. thin
gram-negative rods are scen on Gram stain. Alter 2 davs, no
growth is abserved on blood, chocolate, or MacConkey agars.
Which organisms are most likely responsible for this man's
infection:

O (A Peptostreprococcus and Bacteroides

= (B} Peptostreptococcus and Fusobacterium
g (C) Peptostreptococcus and Prevotella

| (D) Staphylococcus and Haemophilus

d

(E) Viridans group Streptococcus and Haemophilus

22 Which statement is correct?

| {A) Bacteroides fragilis is a gram-positive. non—-spore-
forming rod.

O By Propionibacteriunm is found on the skin's surface.

a (C} Lactobacillus is a1 common pathogen that colonizes
the genitourinary tract and causes urinary tract
inlections.

(D) Most anaerobic infections are exogenous infections,

0o

(£} Most angerobic infections are monomicrobic,

23 A family ol two adults and three children develop gas-
troenteritis while vacationing in New York. The onset is abrupt
with abdominal cramps and watery diarrhea. None of the family
members has a fever or nausea: nobody experiences vomiting,.
Within 24 h. the symptoms have resolved. The family notes that
the condition developed 10 h alter they had eaten a butfet dinner
in a roadside calé. When they report the disease 1o the public
health office, an investigator is assigned to investigate the restau-
rant. The investigation reveals that one of the [ood products
eaten by the family was contaminated with a high concentration
of tvpe A Clostridium perfringens. Which food is the most likely
source of this infection?

(A) Beel stew
(B) Chicken
(C1 Custard
(D1 Milk shake
(1) Salad
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24 Campylobacier infections are associated most commonly
with which of the following foods?

d (A} Apple pie

aQ  (Bi Chicken

a (Ct Hamburgers

a (D) Rice
4 () Shrimp

25  Bacteroides fragilis is the most common cause of which
condition or discase?

a {A) Intraabdominal abscesses

d  (B) Gas gangrence

a {C) Prain abscesses

d (D) Pelvic inflammatory disease

d (E} Pseudomembranous colitis

26 A 59Y-vear-old man punctures his hand while clearing
brush on his property. He develops signs and symptoms consis-
tent with tetanus 4 days alter the accident. The toxin produced
by this organism acts by which mechanism?

d (A} Catalyzes hydrolysis of membrane phospholipids

a (B) Integrates into cell membranes, leading 1o pore for-
mation with cell lysis

a (C) Stimulates macrophages to release proinflammatory
cviokines

d (D) Blocks release of the neurotransmitter acetylcholine

d (E) Blocks release of neurotransmitters for inhibitory
synapses

27 Which association is correct?

| (A) Lactobacillus frequently causes opportunistic infec-
tions in patients with prosthetic devices, such as
intravascular catheters,

a (B) Clostridium difficile can survive in an environment
(e.g.. hospital floors. medical instruments) for a pro-
longed period.

= (C) Tetanus toxin binds irreversibly 1o its receptor and
stimulates a vigorous antibody response.

a (D) Important virulence factors produced by Bacteroides
fragilis include enterotoxin and exfoliative toxin.

Qa (E} Bacteroides
metronidazole.

fragilis is typically susceptible 1o

penicillin. and  broad-spectrum

cephalosporins.

28 \Which respiratory pathogen can be detected in clinical
specimens by Gram stain:

& (A Chlamydophila (Chlanydia) pneumeoniae

d (B1 Legionella pnermophila
a (C) Mycobacterium tuberculosis

a (D} Mycoplasma pneumoniae
a (E) Nocardia asteroides

29 Approximately 4 h after eating a meal in a neighborhood
restaurant. three members of a family develop a sudden onset of
naused, vomiting, and severe abdominal cramps. Nobedy is
febrile, and only one lamily member has diarrhea. Within 24 h,
the symptoms have resolved with no subsequent recurrences.
Which organism is most likely responsible for this outbreak:




.-";. QUESTIONS

MIUS Cerens

B
Lempylobacter jejuni
Setmonella enterica
Shsgella sonnei
Wersinia enterocolitica

5 test can be used to identify Streptococeus prietimoeniaes
Bacitracin susceptibility

Bile solubility

Catalase

Coagulase

Oxidasc

A
 2-month history of fever, drenching night sweats. and

P S-vear-old man with AIDS presents to his physician

wss. At the time of presentation, his CD4 cell count is

Hepatomegaly and a palpable spleen are noted during
poiescal examination. Specimens of blood, sputum. and stool

setiected for microbiology testing. Acid-fast rods are seen
cvamination of the sputum specimen, and these organisms
seconvered from all specimens submitted to the laboratory.
w= of the organism are nonpigmented, niacin-negative.
woarate reductase-negative. Which antibiotic would be most

wtve against this organism:

1 v Ciprotloxacin

1 Bi Clarithromyein

t (1 Ethambutol

1] DI soniazid

2 Rifampin

32 W\ hich antibiotic inhibits peptidoglyean syithesis:

. | v Ciprofloxacin

S (B Eryvthromycin

) C1 Imipenem

o (D1 Ritampin

3 b1 Tetracyeline

33\ 3 2-yvear-old woman sees her gynecologist with com-
plaints of a low-grade lever. weight loss, abdominal pain, and

vaginal bleeding. She has noticed these symptoms for more than
£ weeks, She reports that she had an TUD inserted 5 years previ-
asly but has been sexually inactive for more than 1 vear. Pelvic
svamination and palpation reveal a firm mass, so the woman is
taken to surgery. The TUD is found to be associated with librosis
:nd a collection of pus. The IUD and mass are removed. and the
mass is submitted to pathology for histological examination and
cultures. Thin, branching gram-positive rods are observed. and
this organism is then isolated in culture after incubation for 3
davs. Which organism is most likely responsible for this woman's

nfection:

a (A) Actinomyjees

a (B} Lactobacillus

Q (C)r Mobiluncus

a (DY Nocardia

4 (1) Propionibacterium

SECTION |

34 A 43-year-old woman sees her family physician with com-
plaints of a dull persistent pain surrounding her nose and the
feeling of paranasal fullness. These symptoms developed after
a viral respiratory infection that she had 3 weeks prior to this
visit. A CT scan of the head shows opacity in the paranasal
sinuses (see tigure) and confirms the clinical diagnosis of chronic
sinusitis. Which organism is most likely responsible lor this

infection:

From Cohen |, Powderly WG Infectious diseases, ed 2. St Louis.,
2004, Mosby.

(AT Haemophilus influenzae. type b
(B) Neisseria meningitides

(C) Staphylococeus aurens

(D1 Streptococeus pnewmaoniae

| iy B =y ey

(E) Streptococeus pyogenes

35 \Which antibiotic can be used to treat inlections caused by
Mycoplasma pnewmoniaes
a (A Ampicillin-sulbactam
d (B} Ceftazidime
a  (C) Erythromycin
3 (D) Imipenem
A (E) Vancomycin

36 \Which arthropod is the most important vector of
tularemia?

(A} Deer fly

d B Flea
d (C) Lice
a
a

L

(D) Mosquito
(B) Tick




37 During a routine physical examination, a 48-year-old
man complains to his physician of chronic, persistent gastric
pain, The pain is a burning sensation that is relieved by meals or
milk but reoccurs within a few hours after eating. The physician
suspects the patient has a duodenal ulcer, Because the patient
has denied use of aspirin and nonsteroidal anti-inflammatory
drugs, the physician also suspects the ulcer has an infectious eti-
ology. Which important virulence factor for the organism is most
likely responsible for this patient's disease?

(A) Capsule \
(B) Endotoxin
(C) Enterotoxin
(D) Phospholipase C
(E} Urease
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38 A 7-year-old girl sees her pediatrician for a cutaneous
pustule on her right arm at the site where her kitten had
scraiched her 1 week prior to the appointment. Her mother
has also noticed an enlargement of the right axillary lymph
nodes. The girl has a low-grade fever and complains of feeling
tired. The pediatrician collects cultures of the pustule, lymph
node, and blood, but all results are negative after incubation
for 1 week. Which organism is most likely responsible for this
infection?

A) Bartonella henselae
B) Klebsiella (Calymmatobacterium) granulomatis

D) Eikenella corrodens
E) Pasteurella multocida

0eEED
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(C) Capnocytophaga ochracea
(
(

w

9 Which arthropod is the vector of Lyme disease?

{A) Flea
(B) Tick
(C) Lice
(D) Mite
(E) Mosquito

I

40 A 52-year-old man develops peritonitis after rupture of his
appendix. After surgery for repair of the rupture, the man is
treated with clindamycin and celtazidime. Approximately 5 days
later, the patient develops profuse diarrhea, abdominal cramps,
and a fever of 38.5°C. During an additional 5 days, the diarrhea
worsens, with gross blood present in the stools and white plaques
observed over the colonic mucosa (see figure). Which organism
is most likely responsible [or this patient’s symptoms?

(A) Bacillus cereus

(B) Clostridium difficile
(C) Escherichia coli 0517
(D) Shigella sonnei

(E) Staphylococcus aureus

a
a
Q
a
Qa

41  Which microscopic staining methods should be used to
detect the Mycobacterium avium complex?

(A) Calcofluor white stain

(B) Gram stain

(C) Kinyoun stain

(D) Trichrome stain

(E) Giemsa stain
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42 A 34-year-old woman, with a previous history of rheu-
matic heart disease, has developed mild fevers and night sweats,
During the next 4 weeks, the fevers and sweats become more fre-
quent, and she experiences a loss of appetite with a correspon-
ding 10-Ib weight loss. When she goes to her physician, he
notices a new heart murmur. Upon questioning, the woman
mentions that she had her teeth cleaned 2 months previously
and did not receive prophylactic antibiotics at the time of the pro-
cedure. Three sets of blood cultures are collected, and empiric
therapy for subacute bacterial endocarditis is initiated. After
incubation for 5 days, all three sets of blood cultures are positive
with gram-negative rods. It is noted that colonies of the organ-
ism are observed sticking to the surface of the blood culture
bottles. Which organism is most likely responsible for this
infection?

A) Actinobacillus actinomyeetemeomitans
) Eikenella corrodens

) Kingella kingii

(D) Staphylococcus epidermidis

(E) Streptococcus mutans

{
(B
(C
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43 Inlection with Neisseria gonorrhoeae is characterized by
intracellular growth of the bacteria and stimulation of a vigor-
ous inflammatory response. Which virulence factor is responsi-
ble for the inflammatory responses?

a (A} Capsule

a (B) Lipooligosaccharide (LOS)

a (C) Opacity (Opa) protein

Q (D1 Reduction-modifiable (RMP) protein
a (E) Teichoic acid

44  After 2 days of increasing pain during urination. a 20-
year-old female college student goes to the student health center.
Upon examination, she L‘tlmpliiiﬁol' left flank tenderness and
low-grade levers. Her urine is cloudy and shows microscopic evi-
dence ol ervthrocytes. pyuria, and abundant gram-positive bac-
teria. Her relevant past medical history is signilicant lor no
previous urinary tract infections, and she admits 1o being sexu-
ally active. Which organism is most likely responsible for this
woman's infection:

(A) Candida albicans
(B Enterococeus faecalis
(C) Escherichia coli

(D) Neisseria gonorrhoeae

2 6 ] iy i

(E) Staphylococcus saprophyticus

45  Which susceptibility pattern would be considered accu-

rate [or an oxacillin-resistant Staphylococcus aurens?

A {A) Resistant to penicillin: susceptible 1o ampicillin-
sulbactam, cephalothin, ceftazidime. imipenem, and
VAncomycin

d (B) Resistant (o penicillin,  ampicillin-sulbactam, and
cephalothing susceptible to ceftazidime, imipenem,
and vancomycin

M (C) Resistant to penicillin, ampicillin-sulbactam. cepha-
lothin, and imipenem: susceptible to ceftazidime and
vancomycin

a (D) Resistant to all beta-lactam antibiotics: susceptible 1o
vancomycin

4 [E) Resistant to all beta-lactam and vancomvcin

46 A 35-year-old woman with a long-standing but clinically
stable history ol systemic lupus ervthematosus presents to her
physician with a 1-week history of low-grade fevers, nausca,
vomiting, and latigue, Her medications at the time of presenta
tion are prednisone, hydrochloroquine, and coumadine. Her
physical examination is unremarkable. and her chest radiograph
is normal. She has a Hickman catheter. and no ervthema or
purulence is present at the site, Her laboratory values are stable,
Two blood cultures are drawn. and the patient is discharged for
further follow-up. The laboratory calls her 2 days later and says
that both blood cultures are positive with a poorly staining gram-
positive rod. The laboratory explains that an acid-fast stain was
performed and was positive. The organism grew 2 days alter the
blood culture bottles were subcultured to blood and chocolate
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agars, Acid-fast staining ol the colonies showed uniform stain-
ing acid-fast rods, with no branching apparent. Upon further
questioning, the patient admits that she had expressed pus [rom
the insertion site of the catheter. Additional cultures collected
from this site grow the same organism. Which organism is most
likely responsible for this woman's infection:

(A) Mycobacterium fortuitum

(B} Mycobacterium haemophilum

(C) Nocardia asteroides

(D) Nocardia brasiliensis

cLodo

(E) Rhodococcus equi

47 A 23-vear-old man presents to the emergency department
ol a local hospital with a swollen hand that has lacerations on
its dorsal surface. Erythema and some purulent exudate are
present. The patient stated that he injured the hand in a fistfight
when he hit a man in the mouth. Radiograph studies show bones
broken in two fingers and the presence ol solt tissue swelling. The
exudate is collected for aerobic and anacrobic bacterial culture,
After 2 days. the laboratory reports that both the aerobic and
anaerobic cultures are positive. Among the mixture of bacteria
growing in culture is a small gram-negative rod that grew in
both the aerobic and anaerobic atmospheres. In the aerobic
atmosphere. it grew slowly on both blood and chocolate agars.
but it did not grow on MacConkey agar. The laboratory also notes
that the organism had a bleach-like odor and pitted the blood
agar, Which antibiotic would be considered the drug of choice
lor treating infections caused by this organism?

d (A} Cephalothin

u (31 Clindamyein

4 (C) Eryvthromyein

3 (D) Oxacillin
a

(E) Penicillin

48 Antibiotic therapy is contraindicated for management of
infection with which organism:
(A Campylobacter jejuni
(B} Clostridium difficile
(C) Escherichia coli 0137

(1)) Helicobacter pylori

Looodd

{E) Shigella sonnei

49  Approximately 4 weeks alter o bone marrow transplant. a
42-year-old man returns to his physician with complaints of
fevers and a productive sputum. The symptoms have developed
during the preceding 5 days. A chest x-ray is obtained, and a cav-
itary lesion is observed in the upper right lobe. While the patient
is in the radiology department, he has a seizure, A C1 scan of his
head shows a mass in the right parietal area of the brain. Cul-
tures of the brain and lung are performed. and. after 4 days of
growth. gram-positive filamentous rods are observed (see figure).
The organism stains poorly with the Gram stain and is weakly
acid-fast. Which pathogen is the most likely the cause of this
man'’s condition?



(A} Actinomyces israelii

(B) Corynebacterium jeikeitan
(C) Mycobacterium tuberculosis
(1} Nocirdia asteroides

BP0 LO

(E) Rhodococeus equi

50 Sulmonella can escape phagocyvtic clearance by which
mechanism?

{A) Capsule-mediated inhibition of phagocytosis

(B} Inhibition of phagosome/lysosome lusion

{C} Inhibition ol opsonization mediated by protein A
(D) Lysis of phagosome and replication in cvtoplasm
{E}l Replication in fused phagosome/lysosome

0D0DO0O

51 Which bacteria can stain weakly acid-fast when detected
in clinical specimens:?

4 (A} Actinomyces israelii

a (B} Bartonella hacilliforinis

]| (C) Corynebacterium jeikeitm

d (D) Legionella micdadei

a (E)  Propionibacteriuan propionicus

52  Coxiella burnetii can escape phagocytic clearance by which
mechanism?
(] (A} Capsule-mediated inhibition of phagocytosis
(B} Inhibition of phagosome/lysosome lusion

a

4 (C) Inhibition ol opsonization mediated by protein A

B | (D) Lysis of phagosome and replication in cytoplasm

4 {E) Replication in fused phagosome/lysosome

53 Which statement about Erysipelothrix rhusiopathiae is

accurater

4 (A1 This organism is typically susceptible to penicillin,

a (B) This organism is catalase-negative and can be mis-
taken for Streptococcus.

u iC) Infection with this organism is associated with
human bites.

a (D) The primary virulence factor associated with organ-
ism is endotoxin.
d (E) This organism is a strict anaerobe.

54 A S4-year-old man sces his physician because he has been
leeling ill for 2 months, His illness is nonspecific, with complaints
of fatigue. muscle aches. low-grade fevers, and a loss of appetite.
Physical examination reveals he is underweight and has poor
oral hygiene, a4 temperature of 38°C. a palpable spleen, and a
heart murmur. Three blood cultures are collected. and, after
incubation for 7 days, the microbiology laboratory reports the
blood cultures are positive for a pleomorphic gram-negative rod.
The blood culture broths arc subcultured. and growth is detected
on blood and chocolate agars after incubation for 4 days. No
growth is detected on MacConkey agar. The results of the pre-
liminary biochemical tests are catalase-negative, oxidase-
positive, and indole-weakly positive. Which organism is mosi
likely responsible for this man's infection?

(A Acinetobacter barananni
By Cardiobacteritan hominis
(C) Capnocytophaga ochracea
(D1 Eikenella corrodens
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E) Haemophilus parainfluenzae

55 A S4-vear-old man goes to his lamily physician with com-
plaints of a persisient nonproductive cough with severe chest
pain that have lasted 1 week. His physician hears rales bilater-
allv, and chest radiographs demonstrate a diffuse bilateral infil-
trates with no signs of consolidation or abscess formation. The
man has a low-grade fever, heart rate of 110 bpm, respiratory
rate of 25/min (breaths per minute). and blood pressure of
130/80 mm Hg. Sputum is induced for microscopy and culture.
and blood is collected for culture. No organisms are observed on
a Gram stain ol the sputum specimen. and no organisms grow
in the blood cultures. Growth of & gram-negative rod is observed
on bullered charcoal-veast extract (BCYE) agar inoculated with
sputum after 4 days of incubation. Which organism is most
likely responsible for this man's infection?

(A} Chlamydophila (Chlamydia) pneumoniae
(Bi Klebsiella pneumoniae

a

4

QO  (Cy Legionella pneumophila
o (D) Mycoplasimea pneumortiae
a

(E) Streptococcus pnienmoniae

56 Which antibiotic is consistently active against anacrobic
gram-negative rods:

{A) Carbenicillin
1B} Clindamycin

a
a
=] {C) Imipenem
a (1)) Metronidazole
a

(B} Penicillin
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57  Francisella tularensis can escape phagocytic clearance by
which mechanism?
| (A) Capsule-mediated inhibition ol phagocytosis
a (B} Inhibition of phagosome/lysosome fusion
a {C} Inhibition of opsonization mediated by protein A
| (D) Lysis of phagosome and replication in cytoplasm
d {E) Replication in lused phagosome/lysosome

58 A 34-year-old woman visits her family physician com-
plaining ol pain when urinating. lower back pain, and low-grade
levers. A urine specimen is collected for culture and Gram stain.
Abundant gram-positive rods are nbscrveﬁ_\-‘ microscopy, and

small colonies are detected on the culture medium alter 48 h of

incubation. Which organism is most likely responsible for this
urinary tract infection:

(A) Clostridium perfringens

{B) Corynebacterium urealyticum

(D) Escherichia coli

ad

a

a (C) Enterococcus faecium
O

Q  (E) Lactobacillus acidophilus

Aol

9  Which feature is unigue to gram-positive bacteria:
(A) Cytoplasmic membrane
(B) Endotoxin
(C) Outer membrane
(D) Peptidoglvcan
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(E) Spore formation

60 An S-vear-old boy falls while plaving and abrades the skin
over his thigh and hip. The injury does not appear serious, and
no effort is made to clean the wound or apply topical antibiotic
creams. The wound over the hip worsens after 3 davs, with
inflammation and a small amount of purulence. That evening,
the child develops a high-grade fever (40°C), headache, and a
diffuse rash. By the time the child arrives at the hospital, he is
hypotensive, complains of severe myalgias, and has diarrhea.
After 1 more day, his skin desquamates (including over the palms
and soles). and he develops renal and hepatic abnormalitics.
Which toxin is most likely responsible for this illness?

(A) Alpha-toxin

(B) Enterotoxin A
(C) Exfoliative toxins
(D) Leukocidin

oooooOo

(1) Toxic shock syndrome toxin-1

61 Which factor is primarily responsible for the tissuc

damage seen in syphilis?

a {A) Production of bacterial hyaluronidase

a (B} Outer membrane proteins facilitating adherence to
host cells

bacteria  from

| (C) Fibronectin coat protecting the

phagocytosis

SECTION |

| (D) Release ol endotoxin
J (1) Host immune response to bacteria

62 A pgastroenterologist in a small community hospital
notices that five ol his patienis have developed a diarrheal
disease 2 (o 4 days alter they underwent colonoscopies. The only
other common factor among the patients is that they are being
treated with empiric clindamycin, The physician leels that in this
setting, these patients were most likely infected with Clostriditum
difficile. Which test should be performed with a collected stool
specimen to confirm this diagnosis?

{A) Culture on blood agar
{B) Culture on MacConkey agar
{C) Culture on sorbitol/MacConkey agar

cooo

(D) Culture on selective agar incubated in a micro-
acrophilic atmosphere

O

(L) Immunoassay lor toxins

63 A 23-vear-old man with HIV goes to a hospital emergency
department with complaints of body aches. headaches. and low-
grade fevers. He states that he has felt ill and has had fevers
for more than 10 days. He previously had been treated for a
pneumocystis infection but did not maintain his antiretroviral
antibiotics. Blood cultures are collected for bacteria. fungi. and
mycobacteria. Aller incubation lor 2 weeks, the fungal and
mycobacterial cultures remain negative. but the bacterial blood
cultures are positive with short gram-negative rods. The positive
blood culture broth is subcultured, and growth on agar media is
observed alter incubation for more than 1 week in an atmos-
phere of enriched carbon dioxide and high humidity. The organ-
ism is small. is slightly curved, and has negative catalase and
oxidase reactions. Which organism is most likely responsible for
this infection?

(A Bartonella

(B} Capnocytophaga
1C) Eikenella

D) Prevotella

(B Vibrio
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64 A S4-year-old man living in Juarez, Mexico, arrives in a
Dallas, Texas hospital with a grossly enlarged foot that is covered
with multiple draining sinus tracts. The man states that the
lesions on his loot developed over the period of months, They
are not painful, but he has difficulty walking. The foot has
Radi-
ographic studies demonstrate swelling in the underlying tissues

localized  subcutaneous  swellings and  suppuration.

and evidence ol osteomyelitis. Tissue samples and drainage [rom
one ol the sinus tracts are collected. The specimens are
cultured on blood agar, chocolate agar. MacConkey agar. and
buffered charcoal yeast extract (BCYL) agar. These media are
incubated in an air incubator supplemented with 5% carbon
dioxide. After 3 days, growth on blood and chocolate agars as
well as on BCYL agar are observed (see figure). Which organism
is most likely responsible for this infection:




SECTION |

LA Actinomyees israelii
(31 Mycobacterium avium
() Nocardia brasiliensis
(1) Sporothrix schenekii

Mg B E B

(Ey Vibrio vulnificus

65  Staphylococcus aureus can escape phagocytic clearance by
which mechanism?

d  (A) Capsule-mediated inhibition of phagocytosis

d  (B) Inhibition of phagosome/lysosome fusion

| {C}) Inhibition of opsonization mediated by protein A

| (D} Lysis ol phagosome and replication in cytoplasm

W |

(E} Replication in fused phagosome/lysosome

66 Which [ood is most commonly associated with Listeria
monocytogenes infections:?

& (A} Chicken
= (B) Tee cream
| () Carrots

| (1)) Rice

W (1) Soft cheese

67 The lethal toxin produced by Bacillus anthracis works by
which mechanism?

M| (A} Blocks release of acetylcholine

d (131 Blocks release of gamma-aminobutyric acid

= ('} Inactivates elongation factor-2 (FEF-2) and prevents
protein synthesis

| (1)) Stimulates increased adenylate cyelase activity

a 1 Stimulates release of proinflammatory cytokines

68 \ i3-year-old man develops a persisteni nonproductive
cough with malaise and a headache for a 10-day period. A chest
radiograph shows a patchy infiltrate in the left lower lobe. with
no evidence of consolidation or pleural effusions. Gram stain and

culture ol induced sputum and routine blood cultures are nega-

tive: however. growth of bacleria is observed in monolavers ol

R oz e e
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Hep-2 cell cultures. Which organism is most likely the cause of

these results?

a (A} Chlamydophila (Chlamydia) prneumoniae
3 (B} Klebsiella pneumoniae
. (Ct Legionella pneumophila
a (D) Mycoplasma pneumonine
a (E) Streptococcus prieumoniae
69 Which organism is associated with exogenous infections?

(A) Actinonyees

(B Clostridium

(C) Eubacterium

(D) Peptostreptococcus
(1 Prevotella

Y ) | )

70 A 34-vear-old man tells his wife that for the last 3 davs he
has been lecling progressively worse, His illness began with a
headache. mild fever, and sweats. Over time, the symptoms have
become more prominent. and his wite takes him to his physician.
The physician notes that the man has a temperature of 39°C,
blood pressure of 137/85 mm Hg, heart rate of 82 bpm. and
respiratory rate of 25/min. This patient was previously in good
health and returned from a trip to Mexico 3 weeks prior to this
visit, While in Mexico, the man ate only in high quality restau-
rants although he did consume unpasteurized goat cheese. The
physician orders blood cultures for his patient, and 3 days later
the cultures are found to be positive. Very small gram-negative
coccobacilli were observed when the culture broths were Gram
stained, Which antibiotic would be considered the drug of choice
lor treating the organism responsible {or this infection:

- (AT Ampicillin
(B Clindamycin

Ll L) ey

() Doxyeyeline
(D) Ceftazidime

(E1 Erythromycin

71 A 38-vear-old man who is hospitalized with a glioblas-
toma develops a fever spike of 40°C. Three blood cultures are col-
lected during a period of 12 h through an intravenous catheter
port. All cultures are positive after 48 h of incubation and show
small rods that are club-shaped and gram-positive: these are
arranged in pairs and short parallel clusters. The organism
grows slowly on subculture, is catalase-positive, and is resistant
to most antibiotics tested. with the exception of vancomycin.
Which organism is most likely responsible lor this infection:

(A) Arcanobacterivm haemolyticum
(B Corynebacterivm jeikeiwm
(C1 Lactobacillus casei

(D) Listeria monocytogenes

ooooo

(1) Propionibacteritam acnes



72  Which statement about Treponema pallidum is correct?

O  (A) The bacteria are 2 to 4 pm wide and 6 to 20 pm long.

4 {B) The bacteria grow best on blood agar or chocolate
agar.

a (C) A syphilic patient’s immune response may lead to
tissue damage.

a (D) Late syphilis is characterized by the appearance of
genital ulcers and a disseminated rash.

d (L) Penicillin resistance has become common for patients
with syphilis.

73  Which test is most appropriate for condfming the diagno-
sis of sinusitis?

{A) Blood culture

(B) Nasopharyngeal culture

(C) Sinus aspirate

(D) Sputum culture

(E) Throat culture

Uooowo

7& What is the optimum volume of blood that should be col-
lected from an adult patient for a single blood culture?

{A) <1 ml
(B} 1-5ml
(C) 10ml
(D) 15 ml
(E} 20 ml

ooooo

75 Which intracellular pathogen is transmitted by the
human body louse?

{A) Coxiella burnetii

(B} Ehrlichia chaffeensis

(C) Rickettsia prowazekii

(D) Rickettsia rickettsii

(E) Rickettsia typhi

BEEDR

76 Which property is characteristic of Chlamydophila

{Chlamydia) pneumoniaes

a (A) Important virulence factors and resistance genes are
encoded on plasmid DNA.

a (B] The disease is infectious for many mammals, includ-
ing humans.

a (C) Intracellular
glycogen.

inclusions contain  iodine-staining

] (D) Only one serotype has been identified,

] (E} The organism is susceptible to
sulfamethoxazole.

trimethoprim/

77 Disease caused by Corynebacterium diphtherige is mediated
by an A-B type toxin. Which answer best describes the effect of
this toxin?

O (A) Interferes with phagocytosis
a (B} Interferes with DNA replication
O  (C) Interferes with protein synthesis

d (D) Stimulates macrophages to release the tumor necro-
sis factor

d (E) Stimulates lysis of erythrocytes, leukocytes, and
platelets

78 A H4-year-old man undergoes intraabdominal surgery for
colonic cancer. Five days after the surgery, the patient develops
peritonitis for which he is treated with ceftazidime, gentamicin,
and metronidazole. Although he initially responds to this thera-
peutic regimen, on the third night of treatment he develops
spiking fevers and abdominal tenderness. He is taken to surgery
that night. and 50 cc of purulent material is drained from his
abdominal cavity. The material is submitted for Gram stain and
culture. The Gram stain is positive (see figure), and both aerobic
and anaerobic cultures are positive within 24 h. Which organ-
ism is most likely responsible for this infection?

(A) Candida albicans
(B} Enterococcus faecalis
(C) Peptostreptococcus anaerobius

(D) Staphylococcus aureus

oo

(E) Streptococcus piyjogenes

~J

9 Which anaerobe is associated with gas gangrene?
(A) Actinomyces

(B) Bifidobacterium

(C) Clostridium

(D) Fusobacterium

(
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E) Lactobacillus

0 Which mycobacteria is photochromogenic?

{A) Mycobacterium avium

(B) Mycobacterium fortuitum
(C) Mycobacterium haemophilum
(D) Mycobacterium kansasii

(E) Mycobacterium tuberculosis

[ o ]
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81 Which organism is uniformly susceptible to vancomycin?

a (A) Enterococcus

a (B) Escherichia

Q  (C) Leuconostoe

a (D) Pediococcus

Q (B) Streptococcus

82 Which association is correct? V4
a (A) Strict anacrobic gram-positive cocci: Enterococcus

a  (B) Strict anaerobic gram-positive rod: Chlamydia

a (C) Strict anaerobic gram-negative cocci: Peptostreptococcus
O (D) Strict anaerobic gram-negative rod: Bacteroides

U (E) Strict anacrobic gram-negative rod: Clostridium

83 A 54-year-old man develops an infection at his surgical
incision site 2 days alfter cardiac surgery. The site is character-
ized by swelling, erythema, and purulent drainage around the
sutures. Culture of the drainage is performed, and beta-
hemolytic colonies grow on aerobic blood agar plates after 24 h
ol incubation. Which enzyme is an important virulence lactor
and diagnostic marker for this organism?

(A) Catalase

(B) Coagulase
(C) Endotoxin
(D) Exoloxin A
(E) Lecithinase

Y

84 During a roufine physical, a man complains to his physi-
cian that he has had upper gastric burning pains and has had a
problem with burping following his meals [or the past week. The
patient denies use of nonsteroidal anti-inflammatory drugs or
alcohol. The physician suspects this man's symptoms are related
to a bacterial infection. A test for which bacterial product would
confirm this diagnosis?

(A) Coagulase

(B} Cytotoxin (also called toxin B)
(C) Emetic enterotoxin

(D) Endotoxin

(E) Urease
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5 Shigella sonnei can escape phagoceytic clearance by which
mechanism?

(A) Capsule-mediated inhibition of phagocytosis

(B) Inhibition of phagosome/lysosome fusion

(C) Inhibition of opsonization mediated by protein A

(D) Lysis ol phagosome and replication in cytoplasm
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(E) Replication in fused phagosome/lysosome

86 Approximately 36 h after a neighborhood picnic, 14

people develop diarrhea, with the majority complaining of

abdominal cramps. Most have low-grade temperatures and 8 to
10 bowel movements a day. Bloody stools alfect two people.
Although symptoms resolve for most of these people within 1
week. two children and one adult have to be hospitalized. For
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these patients, leukocytes are observed on a stool exam but with
no predominant organism. Cultures are performed, and after 2
days ol incubation, an organism grows on selective media at
42°C but does not grow on MacConkey agar. The organism is a
thin, gram-negative rod (see figure). Which organism is most
likely responsible for these infections?
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Q (A) Campylobacter
Q (B) Escherichia
a (C) Salmonella
d (D) Shigella
a (E) Yersinia

87 A 63-year-old man sees his physician with complaints
ol a lever, dry cough, muscle aches, nausea, anorexia, and
headache. The symptoms developed during the preceding 3 days.
Chest radiograph shows consolidation in both his left and right
lung fields. His past medical history contains significant relevant
information of a 30-year history of smoking and consumption of
6 to 10 beers daily. He is admitted to the hospital, and therapy
with ceftriaxone is initiated. During the next 5 days, he fails to
show improvement. Sputum is collected at the time of admission
into the hospital. A Gram stain, fungal stains, and acid-fast stains
show no organisms. Routine bacterial, fungal, and mycobacterial
cultures are negative; however, alter 5 days, small colonies of
weakly staining gram-negative rods grow on BCYE agar. Which
organism is most likely responsible [or this man’s infection?

(A) Chlamydophila (Chlamydia) pneumoniae
(B) Klebsiella pneumoniae

(C) Legionella pneumophila

(D) Mycoplasma pneumoniae

CHE, B0 I

(E) Streptococeus prneumoniae

88 Which antibiotic is active against Mycoplasma pneumoniae?
(A) Ampicillin-sulbactam

(B) Azithromycin

(C) Imipenem

(1)) Penicillin

(E) Vancomycin

Ooooo



BACTERIOLOGY QUESTIONS

89 A wvaricty of vaccines have been developed against Neisse-
ric meningitidis, Which serogroup polysaccharide is a weak

immunogen and does not elicit antibodies?
(A} Serogroup A

(B Serogroup B

(Cl Serogroup C

(D} Serogroup Y

(E) Serogroup W135

I ]
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90 A 10-vear-old boy develops a sore throat, fever, and
headache. Afler 3 days of these sympioms, he develops a dilfuse
erythematous rash on his chest that spreads to his extremities.
His pediatrician makes the tentative diagnosis ol strepiococcal
scarlet fever. A throat swab is tested by a "rapid strep test” but is
reported to be negative, A second throat swab is cultured on
blood and chocolate agars. After 48 h of incubation, the culture
is reported to be negative for group A Streptococeus (S, pyogenes)
but positive for a beta-hemolytic gram-positive rod. Which
organism is most likely responsible for this infection?

(A) Arcanobacterivm haemolyticum
(BY Corynebacteritun diphtheriae
(C) Listeria monocytogenes

(D) Staphylococcus aureus

OO0 0.0

(B} Streptococcus dysgalactiae

91 A 36-year-old woman in her last trimester of pregnancy
goes to the local hospital complaining of an acute illness char-
acterized by levers. headaches. myvalgias, and arthralgias. Two
blood cultures are collected. and small gram-positive rods are
detected after 48 h ol incubation. The blood culture broths are
subcultured to blood agar plates, and small, beta-hemolytic
colonies are observed after overnight incubation. The bacteria
arc catalase-positive and motility-positive: they also hvdrolyzed
esculin. Which statement is correct for the organism responsible
for this woman's infection?

d (A) Patients with delects in humoral immunity are at
increased risk of disease.

a (Bl The bacteria grow in phagolysosomes ol macro-
phages.

a {C) Infection is associated with consumption of soft
cheeses and undercooked meats.

a (D) The bacteria grow in a narrow range of temperature
and pH.

a (E} Mortality for patients with this discase approaches
100%.

92 The exotoxin produced by Clostriditan botulinum works by
which mechanism?
(A) Blocks release of acetylcholine
(B} Blocks release of gamma-aminobutyric acid
{C} Inactivates EF-2 and prevents protein synthesis
(D) Stimulates increased adenylate cyelase activity
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(E) Stimulates release of proinflammatory cytokines
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93 A 74-year-old man is admitted to the hospital because of
d 3-day history of high fever, myalgia, and chills accompanied
by back pain and elimination of dark urine during the previous
12 h. His temperature is 38.5°C, blood pressure is 120/70 mm
Hg, and respiratory rate is 30/min. Laboratory results include
hemoglobin 131 g/l, hematocrit 0.41. serum urea 71 mg/dl,
total bilirubin 4.1 mg/dl, lactic dehydrogenase 1250 U/L. and
potassium 6.5 mEg/1.. A urinalysis shows the presence of blood.
but less than live WBCs per high-power field are seen. Blood cul-
tures are collected. and antibiotic treatment is initiated. Approx-
imately 6 h after admission. however, the patient goes into
cardiac arrest and expires. When the blood cultures are analyzed
6 h after they were collected, gas is observed in the culture
bottles, and bacteria were seen on Gram stain, Postmortem
examination of tissues reveals microabscesses in the liver and
gall bladder. Which organism is responsible [or this man's [atal
infections
(A) Bacteroides fragilis
(B) Clostridium perfringens
(C) Escherichia coli
(1) Pseudomenas aeruginoesa
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(L) Staphylococcus aureus

94 During a military conflict in Somalia. several soldiers
develop a febrile illness characterized by the abrupt onset of fever
with rigors, severe headaches. myalgias, arthralgias. lethargy.
photophobia, and coughing. Observed are conjunctival sulfu-
sion and a petechial rash that develop 4 days into the illness and
then fade after 1 to 2 days at the time the symptoms wane.
Splenomegaly and hepatomegaly are also characteristically
present. After 1 week to 10 days, the symptoms recur. The ten-
tative diagnosis ol this disease is relapsing fever. Which diagnos-
tic tests should be performed?

{A) Blood culture

{B) Skin rash culture

(C) Enzyme immunoassay
(D) Giemsa stain of blood

(E) Proteus OXK agglutinin titer
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95 A 55-year-old man is admitied to the hospital with com-
plaints ol chest pain and production of blood-tinged sputum. A
chest radiograph conflirms consolidation in the left upper lung
field, and Klebsiella pneumoniae is isolated from blood cultures and
sputum. Therapy with celtazidime is initiated. After 10 days of
treatment, the man develops profuse, watery diarrhea. During
the next 2 days, the diarrhea becomes more frequent. and blood
is present in stool samples, White plagues over the colonic
mucosa are observed by coloscopy. Which toxin is most likely
responsible Tor this patient’s colitis?

(A} Bacillus cereus enterotoxin
(B Clostridium difficile cytotoxin
(C) Escherichia coli verotoxin

(D) Shigella dysenterige toxin

voooo

(Bl Staphylococcus aureus enterotoxin




96 Which enteric pathogen has been associated with
hemolytic uremic syndrome?
(A) Bacillus cereus
(B} Clostridium difficile
(C} Salmonella enterica
(D) Shigella dysenteriae
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(K} Yersinia enterocolitica

97 Which diagnostic test is most commonly used "or
leptospirosis?
(A1 Giemsa stain
{B) Gram stain
{C) Culture on blood and chocolate agars
(1) Serologic detection of specific antibodies
(B} PCR amplification of bacterial DNA
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98 A 54-year-old woman is diagnosed with acute lymphocviic
leukemin and is hospitalized lor 3 weeks for management of her
disease. During the second week of hospitalization. she develops
high fevers and hypotension. Staphylococcus aurens, susceptible to
oxacillin, is isolated from multiple blood cultures and an intra-
venous catheter, Treatment with oxacillin is initiated. and the
catheter is then removed. During the next week, she experiences

defervescence and improves clinically. However, afler 7 days of

antibiotic treatment. she develops high spiking fevers. Blood cul-
tures are positive for a gram-positive rod (see figure) resistant 1o
all antibiotics tested except vancomycin, Which bacterial species
is most likely responsible tor this infection?

e
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(A) Corgnebacterivm diphtheriae

(B Corgnebacterium jeikeium

(Ct Corynebacterium macginleyi

(D) Corynebacterium pseudotuberculosis

100 B

(E) Corynebacterium ulcerans

99 A live. attenuated vaccine is used to prevent infections
caused by which bacterial species:

a 1AL Bordetelln pertussis

(| 1B Coxiella burnetii

ACTERIOLOGY QUESTIONS

O (C} Haemophilus influenzae
a (D) Mycobacterium tuberculosis
Q (B} Streptococcus pneumoniae

100 Which bacterium can contaminate foods and grow at
refrigerator temperatures (e.g.. 47 o 8°C)?
a {A) Bacillus cereus
Q (B) Campyjlobacter jejuni
a (C) Escherichia coli
d (1)) Shigella sonnei
d (1) Yersinia enterocolitica

101 A 7-year-old boy develops acute diarrhea and abdominal
cramps. During an examination. the boy's pediatrician notes
that he has a low-grade lever; a stool specimen indicates that the
boy also has bloody stools. Upon questioning, the boy's mother
remembers that he had eaten an undercooked hamburger 2 days
earlier at a local last food restaurant. The pediatrician is con-
cerned that the boy is infected with scherichia coli 0157. Which
tests should be performed with the collected stool specimen to
conlirm this diagnosis?

{A) Culture on blood agar
(B) Culture on MacConkey agar
(C) Culture on sorbitol/MacConkey agar

0000

(1)) Culture on selective agar incubated in a micro-
aerophilic atmosphere

O

(1) Immunoassay for toxins A and B

102  Listeria monocytogenes can escape phagoeytic clearance
bv which mechanism?
(A Capsule-mediated inhibition of phagocytosis
(131 Inhibition of phagosome/lysosome fusion
(C1 Inhibition of opsonization mediated by protein A
(D) Lysis ol phagosome and replication in cytoplasm
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(E1 Replication in fused phagosome/lysosome

103 Which test is the most sensitive method for diagnosing
endocarditis caused by Coxiella burnetiiz
1A Culture of blood
(B) Detection of specific antibodies
1C) Detection of Coxiella antigens in urine
(1)) Gram stain of infected heart valve
(E) Skin test
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104 Which test can be used for the identification of genus
Enterococcus members?
(A) Bile solubility
(B) Coagulase
(C1 Germ tube formation
(D1 L-pyrrolidonyl arvlamidase (PYR] test

ODoDOo

(E) Bacitracin susceptibility
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105  Which discase is the most common vector-borne disease
in the United States:
{A) Babesiosis
(B} Ehrlichiosis
(C) Legionnaire's discase
D) Lyme discase
{El Plague
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106 Which organism is commonly associated with me®#fui-
lis in a 1-week-old infant?
(A} Haemophilus influenzae
(B) Neisseria meningitidis
(Cy Salmonella enteritidis
(D) Streptococcus agalactiae Group B
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() Streptococeus pnewmaoniae

107 The pathology of Rocky Mountain spotted fever is asso-
ciated with infection of which cells:
(A) Endothelial cells
(B} Eryvthrocytes
(€1 Monocyles
(D) Neutrophils
(E] Squamous epithelial cells
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108 A 47-year-old woman living in Ecuador is diagnosed
with chronic myelocytic leukemia and is treated with a variety
ol antincoplastic drugs. A bone marrow biopsy 1 year later is
consistent with acceleration of her discase. A month afler the
biopsy. she is scheduled to receive a stem cell transplant.
However, she is noted to have proluse watery diarrhea 3 davs
before the transplant. Tests for Clostridium difficile are negative.
A parasitology examination reveals Strongyloides and Trichuris.
Bacterial cultures are also performed, and alter 2 days of incu-
bation, colorless colonies are observed on MacConkey agar: red
colonies with a small black button are present on xvlose-lysine-
deoxycholate (XLD) agar. The colony is inoculated into a triple
sugar iron (TSI} agar slant and urea agar slant. The lollowing
reactions are observed: alkaline over acid reaction with no gas
[ormation and weak hydrogen sullide production on TSI (see
ligurel: the urease reaction is negative. Which organism is most
likely responsible [or this woman's infection:

al
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a (AL Escherichia coli 0157
a (B Salmonella choleraesuis
d (C) Salmonella typhi

&l (D1 Shigella sonnei

El

(E) Yersinia enterocolitica

109 CQuinupristin-dalfopristin is bacteriostatic by  which
mechanisms?
] (A) Blocks peptide elongation by inhibiting peptidyl-
translerase
a (B} Inhibits cross-linking of cell wall peptidoglycan
a (C1 Inhibits DNA topoisomerase
a 11 Inhibits initiation of RNA synthesis
d  (E) Initiates premature release ol peptide chains from
ribosome

110 A 36-vear-old woman living in rural [llinois develops
persistent nasal congestion, facial pain, and headache. Imaging
studics of her sinuses demonstrate the presence of opacities.
Repeated courses of antibiotics and anti-inllammaltory drugs are
unsuccessful, and the woman is taken to surgery Lo attempl 1o
drain the sinuses. Fluids collected at the time of surgery are sent
for Gram stain and cultare. Small, gram-negative rods arc
observed on Gram stain and grow the next day on culture. Pre-
liminary identification tests are consistent with the identification
of Haemophilus influenzae. This organism, however, tails to agglu-
tinate with tvping sera. Which answer is the most likely expla-
nation for this observation:

{A) The agglutination test was performed incorrectly.
(B} The organism is Haemophilus parainfluenzae.

{C} The organism does not have a capsule.

(D) The surface of the organism is covered with pili,

o0 oR

(E} The organism produces an enzyme that degrades 1gG.

111 A 6-vear-old girl develops bloody diarrhea with severe
abdominal cramps 4 days aller eating an undercooked ham-
burger. During the next week, her condition progresses to acute
renal  failure,  thrombocytopenia, and  microangiopathic
hemolyvtic anemia. The clinical diagnosis of hemolytic uremic
syndrome (HUS) is made. Which property is characteristic ol the

toxin most likely responsible for this condition:

| (A} Binds to globotriaosylceramide (Gb,) receptors

| (B Chemotactic for neutrophils with release of cviokines

8 (C) Facilitates uptake of bacterial proteins in colonic
epithelium cells

| (D) Produces actin depolymerization with destruction of
cvtoskeleton

] (E) Stimulates increased cyclic adenosine monophos-
phate (cAMPY levels

112  Rheumatic fever is a complication of infection with
selected strains of Streptococeus pyogenes. This disease is charac-
terized by inflammatory changes of the heart, blood vessels,
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joints. and subcutaneous tissues. Which test would be most
usclul for the diagnosis of rheumatic fever:

1A} Blood culture

(B Synovial (joint) fluid culture

a
d
| {C) Measurement ol antistreptolysin O (ASO) antibodies
a (D) Measurement of antistreptokinase antibodies

a

[E} Microscopic examination ol  subcutaneous  skin
nodules
*

113 A 34-vear-old man goes to the emergencey department
complaining of pain when urinating and a urethral discharge.
The urethral discharge is collected for Gram stain and culiure.
The Gram stain showed gram-negative diplococci with many
polymorphonuclear leukocytes. Alter 1 day of incubation.
growth is observed on a Thayver-Martin agar medium, and sheep
blood agar and the Gram stain of the colony are consistent with
the initial Gram stain, The following results are seen on bio-
chemical testing: acid production in glucose and maltose broths,
no acid in lactose or sucrose broth, and growth on nutrient agar,
Which organism is most likely the cause of this man’s condition:
1A) Moraxella catarrhalis
(B} Neisseria gonorrhioeae
(C) Neisseria lactamica
(D} Neisseria meningitidis

£ E B20iE

(E}  Neisseria sicca

114 A 24-year-old man sustains multiple injuries in a car
accident and is hospitalized for more than 1 month. During the
man's hospitalization, he develops peritonitis following his
abdominal injurics and a postsurgical wound inlection. The
organisms responsible Tor these inlections are Escherichia coli,
Bacteroides fragilis, and Enterococcus. Antibiotic therapy includes
imipenem, gentamicin, and metronidazole. The patient’s abdom-
inal infections eventually clear: however, evidence of pneumo-
nia then develops. During a 1-week period, the patient has
mereased pulmonary secretions with a productive, blood-tinged
sputum. Sputum and blood is collected for culture, and afier
24 1ol incubation, a gram-negative rod is isolated from both
specimens. The organism appears lavender-green on blood agar
plates and has an ammonia odor. Colonies on MacConkey agar

‘olorless, The organism is oxidase-negative and uses carbo-
{rate oxidatively but not lermentatively. The preliminary sus-

ubility tests demonstrate that the organism is susceptible to

srimt/sullfamethoxazole and ticarcillin/clavulanate but

to imipenem, Which organism is most likely responsi-

this patient’s pulmonary infection?

J obacter baumannii

8 By Burkholdervie psevdomallei

£) Cr Legionella pnewmophila

0 Dy Pscwdomonas aernginosa

2 E1 Stenotrophomonas maltophilia

115 Staphylococcus aurens is associated with a variety of

and pyvogenic infections, The range ol infections

BACTERIOLOGY QUESTIONS

caused by coagulase-negative staphylococci is more limited.
Which condition is most commonly associated with the
coagulase-negative staphylococci?

(A} Brain abscess

(B) Endocarditis of a prosthetic heart valve

(C} Intraabdominal abscess

(D} Osteomyelitis

oooogd

(Ey Wound infection following trauma to the skin's

surlace

116 Approximately 1 week after orthopedic surgery for a
fractured hip, an 84-vear-old woman notices some purulent
drainage and redness along the incision line. During the next 3
days. the drainage increases, the surgical ineision becomes
warm and tender to the touch. and she develops a low-grade
fever. When she sees her physician, he is concerned that she has
developed an infection at the operative site. Bacterial cultures are
collected. and abundant gram-positive cocci grow within 24 h.
Preliminary tests show that the organism is catalase-positive.
Antimicrobial susceptibility tests are performed. and the organ-
ism is found 1o be resistant to oxacillin, Which drug should be

used to treat this infection?

a (A) Ampicillin
a (Bl Celtazidime
I (C) Imipenem
a (1) Piperacillin-tazobactam

[ | (E) Vancomycin

117  Bacteria become resistant to chloramphenicol by which
mechanism:

O

{A) Acetylation ol an antibiotic

J (B Active efflux of an antibiotic out of the ccll

a (C) Modification of penicillin-binding proteins (PBPs)

a (D) Modification of a pentapeptide side chain in cell wall
peptidoglycan

e (1 Modilication of a ribosomal binding site

118 Which bacterial species has been associated with the
Guillain-Barr¢ syndrome?
Q (A Aeromonas hydrophila
(31 Bartonella quintana

&l

Q (C) Campylobacter jejuni
a (D) Stapiylococeus avrens
a

(E) Yersinia enterocolitica

119 Bacillus cereus is associated with diarrheal discase char-
acterized by a rapid onset, short duration, and sudden onset of
naused, vomiting, and severe abdominal cramps. Which food is
most commonly the source of these inlections:

a (A} Chicken salad
(B} Hamburger

(D) Rice
(1) Sealood

d
a (C') Tce cream
]
a
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120 A 62-year-old woman is undergoing treatment flor her
leukemia when she develops a spiking temperature, chills, and
hypotension. During the next 2 days, skin lesions develop. They
first appear as small vesicles and progress to hemorrhage, necro-
sis, and finally ulceration. The skin surrounding the vesicles is ery-
thematous. Aspiration of the fluid from the vesicles shows lew

inflammatory cells but abundant gram-negative rods. Culture of

the fluid is positive after 24 h with gram-negative rods that grow
on both blood agar and MacConkey agar plates. Growth on the
blood agar plate appears as spreading beta-hemolytic colonies,
with a distinct [ruity odor. Growth on the MacConkey agar plate
appears as a clear colony. Which virulence @or is responsible lor
the tissue destruction associated with this patient’s skin lesions?
(A) Alkaline protease

(B) Elastase

(C) Endotoxin

(D) Exotoxin A

(E) Pyocyanin

COoO0DD

121 A 52-year-old woman is brought to the emergency
department by her son, who [ound his mother unresponsive at
home. By the time she arrives to the hospital, she has regained
consciousness but is confused and cannot follow simple com-
mands. A CT scan of her head shows numerous well-defined
lesions, and multilobar infiltrates are seen in her chest radi-
ograph (see radiograph ligure). Her past medical history is
notable for the diagnosis ol multiple myeloma 2 years prior to
this visit, with a subsequent bone marrow transplant perlormed.
She has done well since the transplant and has resumed her
normal activities that include gardening, hiking, and cooking.
Because one of her brain lesions is at an accessible site, she is
taken to surgery and an aspirate is collected. A bronchial alveo-
lar lavage is also performed. Gram stain of the specimens demon-
strates weakly staining, gram-positive rods arranged in
filaments. The organisms are also weakly acid-fast (see stain
figure). The same organism grows after 3 days on the following
culture media: sheep blood agar, chocolate agar, BCYE agar,
Sabouraud dextrose agar, and Lowenstein-Jensen agar. Which

organism is most likely responsible for this infection?

(A) Actinomyces israelii
(B) Legionella micdadei
(C) Mycobacterium chelonae
(D) Nocardia asteroides

o
u]
a
a
a

(E) Rhodococcus equi

122 Beta-lactam antibiotics bind to which bacterial cell wal
structurer:
{A) Lipopolysaccharides
(B) Pentaglycine bridge
(C) Peptidoglycan
(D) Teichoic acid
(E) Transpeptidases

B LR R

123 Which technique is considered the definitive method fo
defining a bacterial species?
a (A) Analysis of chromosomal DNA [ragments by puls:
field gel electrophoresis (PFGE)
a (B) Biochemical reactivity with selected substrates
a (C) Calculation of guanine to cytosine (G + C) ratio
d (D) DNA/DNA hybridization
a (E) Sequencing of 168 rRNA gene

124 Which mycobacteria is characterized by positive niaci
and nitrate reductase tests?

(A
(B) Mycobacterium chelonae
(C) Mycobacterium fortuitum
(D) Mycobacterium kansasii
(E) Mycobacterium tuberculosis

Mycobacterium avium

8 ] A

125 In September 2000, an outbreak of Escherichia coli gas
troenteritis occurred in Pennsylvania. Most of the infecte
patients had visited a popular dairy farm. where they ha
contact with the animals and where lunch and snacks wer
served. Patients developed diarrhea (three or more loose stools i
a period of 24 h) within 10 days of visiting the farm. Althoug]
the clinical presentation varied among the patients, the illnes
typically began with severe abdominal cramps and nonblood
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diarrhea. Stools frequently became grossly bloody in day 2 or 3
of illness. Most patients became asymptomatic within 1 week:
however. approximately 10, ol the children with gastroenteri-
tis developed acute renal failure, hypertension. and seizures.
Which organism was most likely responsible for these infections:
d {A) Enteroaggregative I coli (EAEC)

d (B) Enterohemorrhagic E. coli (EHECH

d  (0) Enteroinvasive E. coli (ELEC)

d (D1 Enteropathogenic 1. coli (EPEC)

(1) Enterotoxigenic E. coli (ETEC)

]

126 In the twenty-lirst century, there has been a dramatic
increase in community-acquired necrotizing pneumonia, partic-
ularly in pediatric patients: this type of pneumonia is tvpically
caused by methicillin-resistant Staphylococcus Qs A clonal
relationship exists among the strains of bacteria. Which staphy-
lococcal virulence factor has been implicated in this specilic
discaser;

(A) Alpha-toxin

(B) Enterotoxin

(' Exloliative toxin

(D} Panton-Valentine (PV} leukocidin
(k) TSST-1

ocoooo

127 A 635-year-old man is admitted to the hospital with exac-
crbation of his chronic pulmonary discase. Approximately 3
days after admission, his condition worsens. and he requires ven-
tilatory assistance. After 7 davs ol treatment. his condition
destabilizes, Chest radiograph show new infiltrates in both lung
fields with cavitation in the left upper lobe. A bronchial alveolar
lavage is performed, and gram-negative rods are observed on
Gram stain and culture. Preliminary testing indicates that this
arganism is most likely Psewdomonas aeruginosa. Which scenario
is the most likely source of this patient’s infection:?

(A) Contact with nursing personnel

(31 Contamination with an intravenous line
() Ingestion of hospital food

D1 Inhalation of airborne organism

] O I i

(1.1 Use of respiratory therapy equipment

128 Members of the family Chlamydiaceac are able to

v and replicate in humans by which mechanisms?

| 1A A capsule inhibits phagocvtosis.
= | (151 Bacteria are phagocytosed, lvse the phagosome, and
replicate in the cvtoplasm.
=l 1 Bacteria are phagoeytosed but then prevent phago-
some/Tvsosome fusion.
Jd (1 Bacteria are phagoeytosed and fuse with lysosomes.,
but the bacteria are resistant to lysosomal enzymes,
) I Bacterin produce  proteases  that  degrade  IgG
antibodics.
129\ S-veor-old bov complains to his mother that his throat
when he swallows his food. The mother notes that the

at s red, and o whitish exudate has lormed over his

tonsils. The next day. a diffuse red rash develops on his chest. The
mother takes the boy to his pediatrician. at which time the rash
has spread over his neck. face. and limbs. The rash is most
intense at folds of the skin. Which organism is most likely
responsible for this infection?

& (A Bordetella pertussis

&l (B Haemophilus influenzae
El (C Staphylococeus aureus
B (D} Streptococcus priewmoniae
] (Bl Streptococeus pjogenes

130 A 42-vear-old man with septic shock is admitted to the
hospital. His wile states that he is an alcoholic with hepatic cir-
rhosis. The other relevant history information is that the man
may have cut his foot on a seashell while walking along the beach
3 davs belore his illness began. Blood cultures are collected. and
after 12 h of incubation, a gram-negative rod is isolated. The
organism ferments glucose and is oxidase positive. Which organ-
ism is most likely responsible for this man's infection?

(A Acinetobacter banannii

(BY Burkholderia cepacia

(C1 Uscherichia coli

(D) Stenotrophomonas maltophilia

copouUo

(E) Vibrio vulnificus

131 A 46-vear-old woman presents to the emergency depart-
ment with a 1-day history of high fevers and severe headaches.
The emergency department physician notes a temperature of
39.5°C. palpable spleen and liver, and conjunctival ejection. The
patient is hospitalized. and blood and urine specimens are sub-
mitted to the pathology laboratory for diagnostic tests. On the
third hospital day, the patient develops a petechial rash over her
body. On the fourth hospital day. the hematology laboratory
reports seeing long, thin spirochetal organisms on the peripheral
blood smear, The tentative diagnosis of endemic relapsing fever
is made. Her fevers persist for 5 days. and then she suddenly
experiences defervescence. Which arthropod is the most likely
vector in this infection?
= (A} Flea
O (B Softtick
a (C) Louse
a (D) Mite
a (E) Mosquito

132  Which specimen would be appropriate to submit to the

microbiology laboratory?

a {A) Midstream urine for anaerobic culture

a 1B A collection of sputum during a period of 24 h for
mycobacterial culture

O (¢ Blood specimen (1 ml) from a 10-year-old boy for
routine bacterial culture

O (D) Urine refrigerated at 4° to 8°C alter collection

H| (E) Cercbrospinal fluid refrigerated at 4° to 8°C after
collection




133 A 63-year-old man with chronic obstructive pulmonary
disease (COPD) is hospitalized for 3 weeks because of deteriorat-
ing pulmonary [unction, Approximately 10 days into his hospi-
talization, he requires transier into the respiratory intensive care

unit and placement on a ventilator, His pulmonary function con-
tinues to deteriorate, and chest radiographs demonstrate multi-
lobar infilirates with cavitation. Sputum is collected for Gram
stain and bacterial culture. The Gram stain shows gram-
negative coccobacilli {sce figure). The culiure is positive after
24 h with growth on the blood, chocolate, and MacConkey
agars. The organism is oxidase-negative, is nonfermentative. a nd
tails to grow when subcultured onto anaerobic media. Suscepti-
bility tests demonstrate susceptibility to imipenem, piperacillin-
tazobactam. and trimethoprim/sulfamethoxazole.  Which
organism is most likely responsible for this infection?
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(A} Acinetobacter baumanni

(B} Burkholderia cepacia

(C) Enterobacter cloacae

(D) Pseudomonas aeruginesa

(El Stenotrophomonas maltophilia

UO0ooo

134  Bacteria become resistant to vancomycin by which
mechanism?
a (A) Acetylation of the antibiotic
(] (B) Active efflux of the antibiotic out of the cell
a (C) Modification of PBPs
Qa (D) Modification of a pgntapeptide side chain in cell wall
peptidoglycan
a (E) Modification of a ribosomal binding site

135 Resistance to vancomycin has not been reported for
which species of Enterococeus:

{A) Enterococcus avium

(B} Enterococcus casseliflavus
(C} Enterococcus facealis

(D) Enterococeus faecium

(E) Enterococcus gallinarum

Doooo

136 A 12-year-old girl with cystic Abrosis is admitted into the
hospital with an exacerbation of her pulmonary discase, She has
a productive cough with thick. tenacious secretions. A chest
radiograph shows new infilirates in both lung felds. Sputum is
collected for Gram stain and culture, Gram-negative rods are
observed in the Gram stain, and the organism is isolated after
48 hin culture. The following laboratory results are obtained for
this organism; good growth on blood agar with dirt-like odor;
slow growth on MacConkey agar with colorless colonies initially
that progress to purple-red colonies after extended incubation:
oxidase-positive; inability to ferment carbohydrates but ability
to use glucose. lactose. and other carbohydrates oxidatively,
Susceptibility tests show (he organism is susceptible to
trimethoprim/sulfamethoxazole. imipenem, and ceflazidime.
Which organism is most likely responsible for this girl'sinfection?
a (A} Acinetobacter barmannii
a (B} Burkholderia cepacia
4 (C) Klebsiella pneumeoniae
g (D) Pseudomonas aeruginosa
Q (B Stenotrophomonas maltophilia

137 Which specimen is appropriate for diagnosing the indi-
cated condition?
d (A) Abscess: pus
O (B) Epiglottitis: blood culture
a (C) Otitis media: ear swab
4 (D) Sinusitis: nasopharyngeal washing
] (E} Urethritis: midstream urine

138 Which antibiotic is considered the drug of choice for
treating infections with Francisella tularensis:

(A) Ceftriaxone

(B Chloramphenicol

{C) Penicillin

(D] Streptomycin

(E) Tetracycline

Uo0OoUDo

139 Which animal or msect is an important reservoir for
Francisella tularensis in the United States?

(A) Birds

(B) Cattle

(Cl Deer

(D) Fleas

(E} Rabbits

ODO0o0ooOo

140  TLevofloxacin is bactericidal by which mechanism;

a (A} Blocks peptide elongation by inhibiting peptidyl-
transferase

i | (B) Inhibits cross-linking of cell wall peptidoglycan

a (C} Inhibits DNA topoisomerase

| (D] Inhibits initiation of RNA synthesis

d (E) Initiates premature release of peptide chains [rom

ribosome

19
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141 A 27-year-old man living in rural St. Louis goes to his
hysician with a 2-day history ol progressive respiratory difli-
ulties. He tells the physician that the onset ol his disease was
‘haracterized by severe chest pain, drenching sweats, and a
ligh-grade tever. During the next 2 days. he develops a produc-
ive cough with blood-tinged sputum. The physician orders a
‘hest radiograph. which is abnormal with lobar consolidation
see ligure). The relevant medical history for the patient includes
11V infection that was dingnosed 4 years previously, and a low
D4 count due to poor compliance with his anti-retroviral drug
egimen. In addition, the patient explains that approximately 4
tuys before he became ill, he had mowed his lawn and acciden-
ally run over a sick rabbit. Sputum is collected and cultures and
tains are ordered for bacteria. fungi. and mycobacteria. The
taing are all negative. After 3 days of incubation. pinpoint
olonics are observed on chocolate agar and BCYE agar. Gram
tain of the colonies shows very small gram-negative coc-
obacilli. Which organism is most likely responsible for this
ntection:z

LA} Bordetella parapertussis
(Bl Francisella tularensis

1
=}
1 (C) Legionella pnewmophila
E| (D) Neisseria meningitidis
|

() Psevdomonas acruginosa

142 Bacteria become resistant to clindamycin by which

nechanisms

= (A) Acetylation of the antibiotic

B (B) Active efflux ol the antibiotic out of the cell

] (C) Modihication ol PBPs

1 (D) Modification of a pentapeptide side chain in cell wall
peptidoglycan

al (Er Modilication of a ribosomal binding site

BACTERIOLOGY QUESTIONS

143  Brueella is able (o survive phagocytic Killing by which
factor?
(A) Antiphagocytic capsule
(B) Inhibition ol phagosome/lyvsosome lusion
(C) Inhibition of leukocyte chemotaxis
(D} Lysis of phagosome followed by intracellular growth

O000DO

(E) Phospholipase C activity

144  Penicillin resistance has been reported most commonly
for which Streptococeus species?
(A S agalactive
(B1 8. anginosus
(C1 8. bovis
(D) S pneumoniae

e e B

(E) 8. pryogenes

145 A conjugated. polysaccharide vaccine is used to prevent
infections caused by which bacterial species:
(A} Bordetella pertussis
(B Haemophilus influenzae
(C) Mycobacterium tuberculosis
(D Sahnonella typhi

BN EN N TR R

(E) Yersinia pestis

146 A sexually active 24-year-old homosexual man develops
a tender papule with suwrrounding erythema on the toreskin of
his penis. The papule expands, becomes pustular, and then ulcer-
ates. The uleer is extremely painful. and a bloody exudate is pro-
duced when the uleer is manipulated. The man also develops
tender inguinal lvmphadenopathy, His physician swabs the ulcer
and sends it for culture and Gram stain. Large numbers ol gram-
negative coccobacilli are seen on Gram stain. Which organism is
responsible for this man's infection:

(A Chlamydia trachomartis
(B) Haemophilus ducreyi
(C) Herpes simplex virus
(D1 Neisseria gonorrhoeae

Joooo

(E) Treponema pallidum

147 A G-vear-old boy develops diarrhea with abdominal
cramps. During the next 2 days, the diarrhea increases in fre-
quency and is characterized by bloody stools, During this period.
the patient has a low-grade fever. Cultures ol the stool are posi-
tive for Escherichia coli O157. Which lactor is responsible for this
diseaser
d (A} Auteagglutination ol bacteria over intestinal ¢pithe-

lium with decreased tluid absorption

d (B) Heat-labile enterotoxin that increases cyclic adeno-
sine monophosphate levels
u (C) Heat-stable enterotoxin that increases cyclic guano-

sine monophosphate levels
d (D) Plasmid-mediated
colonic epithelium

invasion and destruction of

a (E) Toxin-mediated disruption of protein synthesis with
destruction of intestinal microvilli
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Q88 . mother finds her 4-vear-old son extremely agitated
Wt n = persistent cough. During the next 2 days, the child has
~wshing episodes that leave him gasping for air. After an episode
B o
vwe emergency department. The child is lethargic between

is in the child vomiting, the mother takes her son to the

~owching episodes, but his pulse rate and respiratory rate are ele-

wated at the end of an episode. His white blood cell count is
L= 000 mm’ with a predominance of lymphocytes. A nasopha-
aspirate is collected and sent to the lab lor routine and

4! bacterial cultures. Alter 3 days, the lab reports small
cram-negative rods  that

are growing on Bordet-Gengou

—odium. Which factor produced by the organism is most likely

se<ponsible for the clinical symptoms of this infection?

0 (A) Cytotoxin that lyses polymorphonuclear leukocytes

5 Bi Endotoxin that stimulates the release of cylokines

J () Fxotoxin that causes unregulated cyclic adenosine
monophosphate levels

3 (DI Neuraminidase that alters host cell membrane
glycolipids

0 (EJ Streptolysin O that lyses erythrocytes, leukocytes, and
platelets

149 A 2-year-old boy is awakened from his sleep with acute
pain in his left ear. During the previous 2 days. he developed an
upper respiratory tract infection with nasal congestion. Because
the pain persists for the next 24 h and is not relieved with warm
compresses, the boy's mother takes him to the pediatrician. The
physician finds the ear membrane swollen and red and makes the
diagnosis of otitis media. What is the source of the organism that
has infected this child?

d {A) Organism acquired by exposure to contaminated
water

(B) Organism acquired by inhalation of contaminated air

(C) Organism normally found on the ear

(D} Organism normally found in the oropharynx

(I Wy I

(E] Organism normally found on the skin surface

150 Which test is considered the most sensitive for detecting
bacteria in the genus Legionella?
(A) Direct fluorescent antibody stain
(B} Dieterle silver stain
(C) Culture on selective media
(D) Detection of Legionella antigen in urine specimens

ooduod

(L) Detection of antibodies against Legionella

151 A 43-year-old woman in her sixth month ol pregnancy
goes to her regional hospital with malaise. muscle weakness.
myalgias, and a low-grade temperature. She has been in good
health and has maintained regular visits to her obstetrician
throughout her pregnancy. No evidence of fetal distress is found.
Her chest radiograph, differential, and routine chemistries are
normal; however, two blood cultures collected at the time of
admission become positive after 24 h of incubation. Gram-
positive coccobacilli are observed on Gram stain. and weakly

SECTION |

beta-hemolytic colonies on a sheep blood agar with a positive
catalase reaction grow on subculture, The motility test for this
isolate is positive. Which organism is most likely responsible for
this woman'’s infection?

a (A) Bacillus anthracis

d (B} Bacillus cereus

a (C) Corynebacteritnm uleerans

a 1D} Listeria monocytogenes ‘;

a (L) Streptococcus agalactiae

152  Which enteric pathogen is able to invade and replicate in
the M cells located in Pever patches of the small intestine?
(A) Enteroinvasive Escherichia colf
(Bl Enterohemorrhagic Escherichia coli
(C) Salmonella enteritidis
(D) Shigella sonnei
(E} Vibrio cholerae

opooo

153  Which statement is correct?

a {A) Most patients with bacterial meningitis have small
numbers of bacteria in their cerebrospinal fluid.

a (B) Most palients with cystitis have a bacteria count of
more than 100.000/ml ol urine.

a (C) Multiple blood cultures are generally required to diag-
nose subacute bacterial endocarditis.

O (D) Multiple stool cultures should be collected to diagnose
bacterial gastroenteritis.

] (E) The most important lactor for recovering bacieria
in blood cultures is to collect a large volume of
blood.

154 A 56-year-old woman is admitted to the hospital because
she has had a 2-weel history of pain and swelling in her right
hand. Her hand has a 1-cm pustule with surrounding swelling
and ervthema. Epitroclear and axillary lymph nodes are also
swollen and tender. Upon questioning by the emergency depart-
ment physician. the woman cannot recall any injuries to her
hand other than scratches she sustained while tending to her
garden roses. Incision and drainage of the pustule is performed,
and the collected material is sent to the laboratory for culture.
After 3 days, small white colonies are observed on blood agar.
chocolate agar, and BCYL agar. The organism is susceptible to
trimethoprim/sulfamethoxazole, ciprofloxacin, and imipenem.
Which organism is most likely responsible for this patient’s

infection?

a (A) Erysipelothrix rhusiopathiae
a (B) Mycobacterium chelonae

a (C) Mycobacterivm marinum

a (D) Nocardia hrasiliensis

4 (E) Sporothrix schenckii
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155 Which property is associated with Enterococcus faecium

virulencers

a (A} Antibiotic resistance

a (B1 Endotoxin production

| (€} Exfoliative toxin production
| (D) Exotoxin production

a () Phospholipase C production

156 A 9-month-old bE)_\-‘ with persistent flu-like symptoms
begins to suffer from coughing paroxysms that occur up o 50
times a day, Each paroxysm is so severe that the boy gasps for
breath between coughs and sometimes vomits. Which answer
describes the mechanism of two of the major toxins produced by
the organism responsible for the discase:

5 | {A} Deregulation of adenylate cyclase in host cells
a (B} Disruption of ¢cell membranes

O  {O) Inhibition of acetylcholine release

] (1 Inhibition of protein synthesis

| (B} Stimulation ol neurotransmitter release

157 A 23-vear-old man is brought to the emergency depart-
menlt in a comatose state. He has a fever of 40°C, conjunctival
petechiae, and embolic lesions on his palm. Blood and CSF are
collected for culture and other laboratory tests. The CSF has a
cell count of 1000/mm’ of predominantly leukocyles, an ele-
valed protein, and decreased glucose. While in the emergency
department, the patient has to be resuscitated before he is trans-
ferred 1o the medical intensive care unit {MICU}). Approximately
12 h after admission to the unit, the patient expires. Early the
next day. the microbiology laboratory contacts the emergency
department and MICU to notily them that the blood and CSF cul-
tures have grown gram-negative diplococci that are identified as
Neisseria meningitidis. The hospital statf members who had direct
and close contact with this patient should use which antibiotic
as a prophylaxis?
ad {A) Chloramphenicol
a (B) Ciprotloxacin
(| (C) Minocycline
U (D} Penicillin
[ {E) Rifampin

158 Clindamycin is bacteriostatic by which mechanismsz

Q {A) Blocks peptide elongation by inhibiting peptidyl-
iransferase

d (B) Inhibits cross-linking of cell wall peptidoglycan

[ (C) Inhibits DNA topoisomerase

a (D} Inhibits initiation of RNA synthesis

4 (E} Initiates premature release ol peptide chains from

ribosome

159 A 42 year-old man undergoes an allogeneic bone marrow
transplantation for treatment of chronic myelocytic leukemia.
After engraftment, he develops severe gralt versus host disease, for
which he is treated with high doses of steroids. Approximately 2
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weeks later, he develops a low-grade fever and a productive cough.
Chest radiographs showed consolidation in the right upper lobe
and evidence of cavitation. Expeclorate sputa are collected; on
Gram stain, abundant neutrophils, no squamous epithelial cells,
and abundant filamentous and branching gram-positive rods are
noted (see figure). A modified acid-fast stain is also positive. Which
organism is most likely responsible for this man's infection?

{A) Actinomyces
(B Legionella

(C) Mycobacterium
1D Nocardia

{E) Rhodococcus

B EEE

160 The presence of squamous epithelial cells in expecio-
rated sputum should be assessed for which culture?
(A) Anaerobe culture
{B) Fungal culture
(€] Mycobacterial culture
{D} Nocardia culture

ouoood

(F} Routine bacterial culture

161 When the wife of a 55-year-old man awakes one
morning, she finds her husband extremely agitated and feverish.
She takes him to the local emergency department, and upon
arrival, her husband is nonresponsive with a temperature of
40°C, blood pressure of 100/60 mm Hg. heart rate of 80 bpm,
and respiratory rate of 32/min. Past relevant history includes
consumption of 4 pint of vodka each day, a splencctomy follow-
ing an automobile accident 3 years previously, and a dog bite on
his left leg 4 days belore the onset of his illness. The bite wound
is erythematous and has a serous sanguinous drainage. The
drainage and blood are submitted for culture. Gram stain of the
drainage shows thin, filamentous gram-negalive rods, and
the cultures of the drainage and blood are positive with
the same organism after 3 days of incubation. The isolate is
catalase-positive and oxidase-positive and requires a carbon
dioxide—enriched atmosphere for growth. Which organism is
most likely responsible for this infection?
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L) {A) Capnocytophaga canimorsus
a (B} Eikenella corrodens

a (C) Pasteurella multocida

a (D) Spirillum minus

3 (L) Vibrie vulnificus

162 Which feature would be characteristic of lepromatous
leprosys
Q (A) Absence of ervthematous patches on the skin
M| (B) Low infectivity
d  (C) Normal immunoglobulin levels
| (D) Positive acid-fast stain
0

(El Positive skin test reaction

163 A toxoid vaccine is used to prevent infections caused by
which bacteria?
(A) Corynebacterivm diphtheriae
(B) Neisseria meningitidis

a2
g
o (C) Streptococcus prieumaoniae
Jd (D) Vibrio cholerae

O

(E) Yersinia pestis

164
gl is noted to be unresponsive, tachypnic, and cyanotic. Blood
wnd CSF are collected for culture, and the baby is started on anti-
Satic therapy. The preliminary laboratory report of the Gram
wain of the CSF indicates gram-positive cocci are present,

Approximately 12 h after a premature delivery, a baby

‘hich organism is most likely responsible for this infection?
(A) Listeria monocytogenes

(B) Neisseria meningitidis

(C) Staphylococcus aureus

(D) Group B Streptococcus agalactiae

(E) Streptococcus priewmoniag

An 18-month-old boy has a CSF shuni placed to allevi-
Swdrocephalus. The child becomes progressively more agi-
4 weeks aller this procedure and is noted to be febrile
\. CSF is collected for Gram stain and culture, and gram-
> rods with abundant neutrophils are noted on the Gram
After 48 h of incubation, small gram-positive rods are seen
anaerobic blood agar plate. Which organism is most likely
ssible for this infection?

AL Actinomyees

‘B Bifidobacterium

W) Eubacterium

W) Lactobacillus

W Propionibacterium

4

resistant

&ciend become

to oxacillin by which
Acetvlation of the antibiotic

Active efflux of the antibiotic out of the cell

B} Modification of PBPs

a (1)) Modification of & pentapeptide side chain in cell wall
peptidoglycan
a {E] Modification ol a ribosomal binding site

167 Approximately 2 days after a church picnic, 13 children
and adults develop a diarrheal disease characterized by 6 to 10
bowel movements per dav. abdominal cramps, headaches. and
[evers, Visible blood in stools atfects three patients. The physician
in the local hospital emergency department who sees these
patients suspects an outbreak of Campylobacter or Sabmnonella
food poisoning. Which test should be performed with the col-
lected siool specimens to confirm the diagnosis of Campylobacter
jejuni infectionz
(A) Culture on blood agar
(B} Culture on MacConkey agar
{C) Culture on sorbitol/MacConkey agar

oouUu

(D) Culture on selective agar incubated in a micro-
acrophilic atmosphere

(]

(E) Immunoassay for toxin

168 Which association is corrects

d {A) Clostridium perfringens: antibiotic-associated colitis

a (B) Clostridicun botudinum: blocked release of neurotrans-
mitters from inhibitory synapses

] (C) Clostridium tetani; [ood-borne ietanus

4 (D) Clostridium  perfringens:
with meat products

A {E) Clostridivm difficile: il

[ood poisoning associated
accid paralvsis

169 A 42-year-old carpenter suffers a penetrating eye injury
when a wooden splinter is deflected into his eye. Within 12 h of
the injury, the eyve is inflamed and painful. By the time the man
goes to the emergency department. he has completely lost vision
in the eve. Drainage [rom the eve is collected on a swab and sub-
mitted for Gram stain and culture. Abundant gram-positive rods
are observed on Gram stain (see figure); within 12 h of incuba-
tion. large beta-hemolytic colonies are detected on the aerobic
blood agar plates. Which organism is most likely responsible for
this infections

{
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{A) Bacillus cereus
(B} Clostriditum perfringens

(C1 Corynebacterium jeikeium
D) Erysipelothrix rhusiopathiae

Coooo

(E) - Pseudomonas aeruginosa

170 The exoloxin produced by Vibrio cholerae works by which

mechanisms?

O (A) Blocks release of acetvlcholine

a (B) Blocks release of GABA

u (C] Inactivates EF-2 and prevents protein svnlhesis
a (D) Stimulates increased adenylate cyclase activity
4 (£} Stimulates release of proinflammatory cytokines

171 What is the most common source of Shigella infections;
(A) Contaminated water

(B) Person-to-person contact

1C) Steamed rice

(D) Undercooked chicken

LIENE B E

(E) Undercooked hamburger

172 A mother brings her 2-week-old baby girl to the emer-
gency department, The baby was well until 1 day before presen-
tation. During the past 24 h, the baby has become progressiy ely
more agitated. crying throughout the day and refusing to nurse,
Perioral ervthema (redness and inflammation around the
mouth) and fever arc noted at this first visit. During the next
2 days. a diffuse scarlatiniform rash and cutancous blisters
develop. Slight pressure displaces the skin, showing a bright red
skin surface. The mother takes the baby back to the emergency
room. and a Gram stain and culture of fluid aspirated from the
bullae are performed; the results are negative. Which toxin is
most likely responsible for this illness:

(A) Alpha-toxin

(B} Enterotoxin A

(C) Exfoliative toxing A and B
(D} Leukocidin

(E} TSST-1

| ] B ER R )

173 A 10-year-old girl develops a sore throat, erythema and
exudates over the tonsils, cervical Ivmphadenopathy. and a fever.

A pharyngeal swab is collected, and beta-hemolvtic colonies of

gram-positive cocci in chains grow the next day in culture,
Which test can be used to identify this organism:

(A) Catalase

(B} Coagulase

(C) Solubility in bile

(1)) Susceptibility to optochin

B R B @) 5

(E1 Susceptibility Lo bacitracin

174 Which disease is transmitted by mites?
{A) African trypanosomiasis
(B) Plague

BB
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{C) Relapsing lever
(D) Rickettsial pox

1Y

(E} Tularemia

175 A 24-year-old man living in Kenva goes to his local physi-
cian with the complaint that a swelling in his groin enlarged to
the point that it ruptured and drained cloudy fluid. Afier taking
a vareful history, the physician discovers that the sexually active
man had initially developed a small blister that ulcerated and
then rapidly healed. Approximately | week later. the lvmph nodes
that drained the arca had become enlarged. The area surround-
ing the nodes became inflamed and the nodes were tender. It was
these swollen nodes that enlarged to the point they ruptured
through the skin and drained purulent material. At the time the
nodes enlarged, the patient felt feverish and had o headache and
muscle aches. The physician makes a diagnosis based on the iso-
lation of the organism from the purulent exudate, Which organ-
ism is most likely responsible lor this man's infection:

(A) Chlamydia trachomatis
(31 Herpes simplex virus
1) Klebsiella (Calymmatobacterivm) granulomatis
(D1 Neisseria gonorrhoeae

| I U R

(EV Treponema pallidum

176  Which enteric pathogen produces disease by claboration
ol toxin in food products (intoxication);
u (A) Clostridium difficile
O B Salmonella typhi
| 1) Shigella sonnei
a (D) Staphylococcus aureus
a (B} Yersinia enterocolitica

177 A 22-year-old man develops pain when urinating and a
urethraldischarge 3 days after unprotected sex with a prostitute,
Gram-negative diplococci are seen on Gram stain of the dis-
charge (see figure). Which medium can be used for the selective
isolation of this organism:
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(A) BCYL agar

(B) Bordet-Gengou agar

(C} Modified Thayer-Martin (MTM) agar
(D} Mueller-Hinton agar

(E} Nufrientl agar

178 Recovery of which Mycobacterium species requires
inoculation of chocolate agar and incubation at 30°C?

(A) Mycobacterium avium

(B) Mycobacterium fortuitum

(C) Mycobacterium haemophilum

(D) Mycobacterium leprae

(E) Mycobacterium marinum

179 A 37-year-old woman is brought to the emergency
department complaining ol severe pain in her left eye. Examina-
tion of the eye reveals a corneal ulcer with surrounding edema.
The patient wears an extended-wear contact lens and admits to
not caring [or the lens as recommended. A scraping of the
involved cornea is performed for Gram stain and culture, and
topical and intraocular antibiotics are started. Despite the prompt
mitiation of treatment, the condition of the eye worsens over the
next 48 h, and she loses her vision in that eye. Abundant gram-
negative rods are seen on Gram stain of the corneal scrapings, and
the organism grows in culture the next day. Preliminary tests indi-
cate this is a gram-negative, nonfermentative rod that is oxidase-
positive and also able to produce a tluorescent pigment. Which
ftoxin is responsible for this woman's destructive cye infection?

Jd  (A) Alpha-toxin
d  (B) Beta-toxin
J  (C) Cereolysin
3 (D) Endotoxin
o (E) Exotoxin A

180 During a period of 10 days. eight children in a first-grade
‘wlass develop pharyngitis, characterized by a bright red throat
wh patchy white exudutes over the lonsillar area. On the
scond day of the illness, a rash develops in three of the children,
& first observed on the upper chest and then spreads over the
ek trunk. and extremities but spares the palms. soles, and area
mnd the mouth. Deep lines of red are noted along skin folds,
the rash blanches when pressure is applied. Which toxin is
s likely responsible for this rash?

1A) Endotoxin

1B) Exfoliative toxin

1) Pertussis toxin

‘D) Pyrogenic exotoxin

{E) Streptolysin O

The diagnosis of early localized Lyme disease is most
saly made by which of the following?
LA Detection of Borrelia burgdorferi by culture
W8 Detection of Borrelia burgdorferi in Giemsa-stained
blood
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ad (C) Detection of anti-Borrelia burgdorferi antibodies in the
blood or CSF
(D) History of tick exposure in endemic areas

OO

(E) Clinical diagnosis of erythema migrans

182 Which organism is a common cause ol sinusitis?
{A) Bordetella pertussis

(B) Corynebacterivm diphtheriae

(C) Moraxella catarrhalis

(D) Mycoplasma pneumoniae

ooddgd

(E) Neisseria gonorrhoeae

183 Which organism is most numerous in the human
colon?

(A) Bacteroides

(B Bifidobacteritum

(C) Enterococcus

(D) Escherichia

(B} Pseudomonas

OOoo0do

184 Which specimen is appropriate for the associated
diseaser
{A) Cystitis: urethral swab
(B} Ocular infection: corneal scraping
(C} Pneumonia: oropharyngeal washing
(D) Sinusitis: nasopharvngeal aspirate
() Wound: swab of drainage

I A W W

185 Which structural component of bacteria is unique to
bacterial spores?
a (A} Dipicolinic acid
d (B) Lipid A
M| {C) Lipoteichoic acid
a (D) O antigen
a (L) Peptidoglycan

186 A 20-year-old college student awakens in the middle of
the night with a severe headache. During the next few hours. the
headache worsens, and she is unable to think clearly. Her room-
mte becomes concerned that she is becoming more agitated and
takes her to the student health care facility. When the 20-year-
old arrives, the physician notes that she is in acute distress, has
a still neck. and has conjunctival petechiae. The clinical diag-
nosis of meningitis is made, and samples of blood and cere-
brospinal fluid are collected. A CSF cell count is 1200 cells/mm*
with 95% PMNs. glucose 35 mg/dl. and protein 250 mg/dl.
Gram stain of the CSF shows abundant gram-negative diplococci
(see ligure), and this organism is recovered in both blood and CSF
the next day. Which property is responsible for the clinical man-
ifestations of this disease?
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d (A] A-B type exotoxin
] (B) Capsule
a {C) Endotoxin
| (D) Pili

O (L) Resistance to serum killing

187 Legionella is an intracellular parasite that can evade a
person’s immune response by replicalion in macrophages,
Which factor is important for the virulence of this organism?
(A) Presence of a capsule
(B) Ability to bind complement (C 3h)

(C) Production ol phospholipase C

o000

(D] Inactivation of lysosomal enzymes alter phago-
some/lysosome fusion

O

(E) Inactivation ol proinflammatory cylokines

188 Which test would be most sensitive in lale manifestations
of syphilis?

d (A) Cullure

(] (B) Darkfield examination

(] (€] Giemsa stain

a (D) Fluorescent treponemal antibody-absorption (FTA-
ABS) test

u (E} Venereal Discase Research Laboratory (VDRL)

test

189 Which diagnostic test is correctly matched with the
appropriate organisms
(A) ASO test: Streptococcus pyogenes
(B] Bacitracin susceptibility: Streptococcus pnewmoniae
(C) CAMP test: Streptococcus viridans
(1) Optochin susceptibility: Streptococcus anginosus

I A N W

(B} PYR activity: Streptococcus agalactiae

190 A patient is hospitalized with a pulmonary discase that
developed 8 months after a trip to Vietnam. The physician deter-
mines that the organism responsible [or this patient’s illness is
not commonly found in the United States, but it is a common
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environmental isolate in Southeast Asia, India, Alrica, and
Ausiralia. The organism causes pulmonary discases similar to
tuberculosis that can develop months to vears afier 4 person has
lelt an endemic area. According to the patient's laboratory cul-
tures. the organism is a gram-negative rod; appears as a wrin-
kled colony with an earthy odor when grown on blood agar: is
oxidase-positive; is nonfermentative bul uses carbohydrates
oxidatively: and is susceptible to trimethoprim/sullamethoxazole
and broad-spectrum cephalosporins. Which organism is de-
scribed here?

4 (A) Acinetobacier baumannii

. By Burkholderia pseudomallei

a (C) Cardiobacterium hominis
(D} Pseudomonas aeruginosa

oo

(L) Stenotrophomonas maltophilia

191  Which organism is susceptible to metronidazole?
(A} Bacteroides fragilis

(B) Helicobacter pylori

(C) Staphylococeus aureus

(D) Streptococcus pyogenes

ooooo

(El Yersinia enterocolitica

192 A 3-vear-old boy develops bloody diarrhea with abdom-
inal cramps and a low-grade fever, Three other, children in his
daycare center develop similar symptoms. The boy's physician
suspects this represents an outbreuak of shigellosis. Which test is
best [or detecting Shigella from stool specimens?

(A} Culture on blood agar
(B} Culture on MacConkey agar
(C) Culture on sorbitol/MacConkey agar

ooCoo

(D) Culture on seclective agar incubated in a micro-
aerophilic atmosphere
a (E) Immunoassay [or toxins A and B

193 Bacterial catabolism of proteins. polysaccharides, and
lipids share which common universal intermediate through
which carbons may be channeled toward energy production or
synthesis of new carbohydrates, amino acids, lipids, and nucleic
acids?

{A) Acetaldehyde

(B} Acetyl-coenzyme A
{C) Glucose

(D) Lactate

{E) Pyruvate

oooddd

194 Which infection is typically associated with continuous
bacteremia?

(A) Endocarditis

(B} Meningitis

(C} Osteomyelitis

(D) Peritonitis

{E) Septic arthritis

ooodog
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Which organism can colonize the stomach of humans?
(A) Bacteroides
(B)
(C) Lactohacillus
|_|_)I
(E) Viridans streplococci

Escherichia

Malassezia

A 35-year-old man is admitted to the hospital with a tem-
ure of 40°C and dilficulty breathing. Physical examination
JIs decreased breath sounds on the right side and oral thrush.
Ltes in both lung fields are observed by chest radiography.
4 cavitation is seen on the right side. Bronc hoalveolar lavage
 fluid is collected and submitted for culture and Gram stain;
W is drawn for three sets of blood cultures. Preliminary tests
positive for HIV, and the patient's CD4 lymphocyte count is
L mm’. Gram stain of the BALfluid shows pleomorphic gram-
. rods. After 48 h of incubation. the BAL fluid is positive
shundant colonies of gram-positive coccobacilll. During the
2 days, the colonies take on a salmon-pink color. Because
s srganism stains irregularly. a modified acid-last stain is per-
od and is positive. The organism is catalase- and urease-
e but fails to ferment any carbohydrates. Which organism
st likely responsible for this man's infection?
LA Gordonia
B Legionella
W) Mycobacterivm
D) Nocardia
\E) Rhodococeus
A 28-year-old woman develops pain when urinating and
swsed frequency of urination. Over the next few days. she
s« that the pain has intensified and now radiates 1o her
w back. She also notices that she feels hot and has had low-
Severs ranging from 38° to 39°C. Her physician suspects
a0 infection and collects urine cultures. The next day. the
sry calls the physician and reports the urine culture as
with a bacterial count of 10°/ml ol urine. The organism
« on both blood agar and MacConkey agar. with spread-
wiies on the blood agar and colorless colonies on the
ey agar. The organism is also strongly urease-positive.
weganism is responsible for this woman's infection?
} Escherichia coli
Klebsiella prewmoniae
Proteus mirabilis
0 Pseudomonas aeruginosa
Salmonella typhi

W hich organism would be considered an opportunistic
Escherichia coli

& Francisella tularensis

o Muycobacteriton tuberculosis
Neisseria gonorrhoeae
Salmonella typhi

W?/?’f’”’%w’mﬁ?’””
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199 A 63-year-old man sees a physican at the Veterans
Administration Hospital with complaints of dizziness. During
the preceding 6 months. he has had night sweais, low-grade
fevers. and a 20-1b weight loss. A physical examination reveals
that he is afebrile with normal vital signs. The physician notes
that the patient's teeth are in poor condition, and she hears a
grade LL/VI holosystolic cardiac murmur, Blood cultures are
drawn because the physician suspects subacute infectious endo-
carditis. After 3 days of incubation, all blood cultures are
reported to be positive for an an aerobic gram-positive rod. Pre-
liminary biochemical tests are consistent with Lactobacillus.
Which antibiotic should be used to treat this infection?

d (A) Ampicillin
a (B) Ceftazidime

a (C) Oxacillin plus metronidazole
a (D} Penicillin plus gentamicin

a (E} Vancomycin

200
ant to oxacillin, Which mechanism is most likely causing this

An isolate of Staphyflococeus aureus is [ound to be resist-

resistances
| (Al Production of an extended spectrum beta-lactamase
{ESBL)

B} Production of an AmpC beta-lactamase
1C)
(D

{E)

Jd
a Production of penicillinase

d Production of the mecA gene product

a Production of @ moditied outer membrane porin
protein

201 Quantitation of the number of bacteria is uselul for dif-
[erentiating between colonization and significant infection for
which specimens?

a (A1 Blood

{B) Cerebrospinal fluid

(Cl
D)
(E)

A
a Sputum
d Stool
i | Urine

202 Which statement about Lyme disease is cor rect?
(Al
B}

The disease is transmitted by fleas,

The reservoirs for infection are the white-looted
mouse and ground squirrel.

(C) Disease is most common in the very voung and very
old.

Late manifestations of disseminated disease include
arthritis, cardiac

(1

abnormalities, and neurologic
disease.

M (E] The diagnostic tests of choice are microscopy and

culture.

203 Members of the viridans group of Streptococcus have
been most commonly associated with which diseaser

(A} Gastroenteritis

(B) Meningitis

{C) Osteomyelitis

(D} Septic arthritis

() Subacute endocarditis

s |
u
d
b |
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204 Which disinfectant is active against mycobacteria and
spores?

(A) Alcohol

(B} Formaldchyde

{C} Todophors

(D} Phenolics

(E) Quaternary amnonium compounds

CoUoO0oOo

205 Historically, Haemophilus influenzae tvpe B was a major
pediatric pathogen, causing meningitis, epiglotiitis. and celluli-
tis, In the late twentieth and carly twenty-first centuries, these
infections have been eliminated through the introduction of a
conjugated vaccine. This vaccine is directed against which bac-
terial component?

{A) Endotoxin

(Bl Phospholipase C

(C) Pilin proteins

(D} Polyribitol phosphate
(E) Somatic O antigen

voouo

206 The majority of infections caused by Campylobacter fejuni
have been associated with which foods?
d (A} Chicken
ad (B) Ham
a {C} Potato salad
| (D) Rice
a (E}) Sealood

207 A resident of Wisconsin sees her physician because ol a
skin lesion that she notices on her arm. [t began as a small papule
and then enlarged during the nexi 10 days (see figure). When
she presents this lesion 1o her physician, the involved area is
30 cm in diameter. has a flat red border, and has an area of
central clearing. She also has a headache, low-grade fever. and
myalgias. Her activitics during the weeks before the rash and
symptoms developed included hunting with her dog, gardening.
and swimming in the local lake. Which organism is most likely
responsible for this infection?

(A) Borrelia burgdorferi
(B] Brown recluse spider bite

(D) Sporothrix schenckii

a

g

a {C) Leptospira interrogans

d

a (E) Trichophyton mentagrophytes

208  Neisseria gonorrhoeae can escape phagocytic clearance by
which mechanism?
{A) Capsule-mediated inhibition of phagocytosis
(B} Inhibition of phagosome/lysosome fusion
(C] Inhibition of opsonization mediated by proicin A
(D) Lysis of phagosome and replication in cytoplasm

Uooou

(E) Replication in fused phagosome/lysosome

209 A 35-year-old man with advanced HIV presenis to his
physician with cutaneous lesions that were first noticed 1 month
previously, The lesions started as small, reddened nodules that
first appeared in a cluster. During the course of the month. the
lesions expanded in size, and additional lesions appeared. At the
time the patient sees his physician. the lesion has a purple
surlace, and serous sanguinous exudate is present. The exudate
is collected for Gram stain and bacterial culture, Small gram-
negative rods are observed on Gram stain and grow after pro-
longed incubation. Which organism is most likely responsible for
this infections
{A) Bartonella henselae
(B Burkholderia cepacia
(Cl Capnocytophaga ochracea
(D) Mycobacterium avium

DuUuooo

(L) Pseudomonas aeruginoesa

210 Which antibiotic inhibits protein synthesis by binding to
the 508 ribosome?

(A) Ciprofloxacin

{B) Erythromycin

{C) Imipenem

(D} Rilampin

(E} Tetracyeline

L S E

211 A 43-year-old woman goes to her physician with a 4-day
history of low-grade fevers, fatigue, and a painful sore throat. A
gray-colored membrane is observed over both tonsils and
extends over the uvula and soft palate. Adenopathy and cervical
swelling are also present. When the physician dattempts to
remove the membrane, he notices that the underlying mucosa is
edematous and bleeding, Which organism is most likely respon-
sible for this infection?

(A) Bordetella pertussis

(BI Corynebacterium diphtheriae
(C) Neisseria gonorrhoeae

(D} Staphylococcus aureus

EC BE D

(E} Streptococcus pyogenes
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212 Which structure is unique to gram-negative bacteriaz

{A) Cytoplasmic membrane
{3} Endoplasmic reticulum
(C) Golgi apparatus

(1)) Nuclear membrane

(E) Outer membrane

213  Vaccination is used to stimulate immunity to Bordetella
pertussis, Which antibiotic is used to protect an individual
exposed (o a patient with active pertussis:

(A Ampicillin
(31 Ciprolloxacin
(C1 Doxyeycline
(D) Erythromycin
(1) Vancomycin

1214 A 36-year-old woman with a history of rheumatic heart
disease undergoes dental extractions lor severely decaved teeth.
Prophylactic antibiotics are not administered before the proce-
dure. Approximately 6 weeks afler the procedure. the woman
develops levers, chills, and night sweats, After 1 week of symp-
Soms, the patient sees her physician, who notes that she has
‘eperienced a 10-1b weight loss since her last visit. Which
ganism is most likely responsible lor this patient’s clinical
psentation:
(A) Candida albicans
(B) Staphylococcus aureus
(C) Staphylococcus epidermidis
(D) Streptococeus pneumaoniae
(E) Streptococcus mutans

Mycobacterivum tuberculosis can escape phagocvtic clear-
by which mechanisms:

tA) Capsule-mediated inhibition ol phagocytosis

1B} Inhibition of phagosome/lysosome fusion

() Inhibition ol opsonization mediated by protein A
(D) Lysis of phagosome and replication in cytoplasm
(£} Replication in fused phagosome/lysosome

Approximalely 4 hours after cating a breaklast of scram-
e, ham, custard-filled Danish roll, and orange juice, a
ad and wile develop nausea and start vomiting, They
develop severe abdoMhal pain and diarrhea. The couple
the local hospital. They are dehydrated but have no evi-
fever. rash. or other signs. Which antibiotic should be
freal this couple for food poisoning:
) Amoxicillin
b Dicloxacillin
Ervthromycin
Yancomycin
No antibiotic

sroximately 2 weeks after birth, an infant develops
charge from both eves. During the next few davs. this
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discharge becomes purulent, and the conjunctiva becomes
ervihematous (see figurel. The mother returns to the hospital,
and her pediatrician orders cultures and Gram stain of the exu-
dates. No organisms are obscerved on Gram stain: cultures on
blood agar, chocolate agar, MacConkey agar. and Sabouraud
agar are negative. The organism responsible for this infection
would be susceptible to which drug:

I'rom Maorse S et al: Atlas of sexually transmitted diseases and
ALDS, ed 3. St Louais, 2003, Mosby.

(A} Ciprofloxacin
(B1 Erythromycin
(1 Imipenem
(D1 Penicillin
(E} Tetracycline

218  Legionelln pneumophila can escape phagoceytic clearance
by which mechanism?
(A) Capsule-mediated inhibition of phagocytosis
(81 Inhibition of phagosome/lysosome fusion
(C) Inhibition of opsonization mediated by protein A
(D) Lysis of phagosome and replication in cvtoplasm
{E1 Replication in [used phagosome/lysosome

219 A young boy develops symptoms that are characteristic
ol pertussis. Which specimen would be best for confirming this
diagnosis?

(A) Blood culture

(B) Cough plate

(C) Expectorated sputum
(D} Induced sputum

(E) Nasopharvngeal aspirate

220 One day after a premature delivery. a baby boy has
become unresponsive, tachypnic, and cvanotic. Blood and cere-
brospinal fluid are collected [or culture, and the baby is started
on antibiotic therapy. No bacieria are seen in the initial Gram
stain of CSF: however. after 1 day ol incubation. both the blood
and CSF cultares are positive with gram-negative rods. The
organism is beta-hemolytic on blood agar and forms purple
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colonies on MacConkey agar. Which organism is most likely
responsible for this infection?
d (A) Enterobacter aerogenes

(BY Escherichia coli

|

a 1C) Klebsiella pneumoniae
a (D) Pseudomonas aeruginosa
|

(E) Salmonella typhi

221  Which statement about Clostridiun is correct?

a (A) Spore formation is an important feature of these
organisms.

d (B) Botulinum toxin blocks the release ol neurotransmit-
Lers for inhibitory synapses.

a (C) Infection with Clostridivn botulimwn confers lifelong
immunity.

d (D) Clostridium perfringens can produce a discase that is
identical to tetanus.

a (E) Clindamycin is the drug of choice for treating
Clostridium difficile infections,

222 In late 2001 and early 2002, four infants residing in
Staten Tsland, New York, became ill with the same bacterial
pathogen. The infants were between the ages of 3 weeks and 18
weeks. All had been in good health lollowing uneventlul preg-
nancies. Two infants were breast-led, and two were lormula-Ted,
Upon presentation 1o the hospital. all infants were irritable,
lethargic, and constipated. Two infants had sluggishly reactive
pupils. and two were described as having loss of facial expres-
sion, Three of the infants required mechanical ventilation. Spec-
imens of blood, stool, urine, and cercbrospinal fluid were
collected for microbiologic testing. Which organism was most
likely responsible for these infections:

d 1A Bordetella pertussis

d 1By Campylobacter jejuni

d (C} Clostridivin botulinum

d (DY Salmonella choleraesuis
a (E) Streptococcus prewmoniue

223 A mother brings her 6-weelk-old infant to his pediatri-
cian with concerns about a developing respiratory infection. The
mother explains that the baby developed a nasal discharge and
cough that worsened during the preceding week. The baby has
become progressively more irritable, and the cough (a staccato
pattern) was beginning to interfere with the baby's eating and
sleeping. No temperature has been noted. Auscultation reveals
good breath sounds and no wheezing, but rales are noted. A
chest radiograph demonstrates bilateral interstitial infiltrates
(see ligure). Which test would be expected to determine this
infant’s disease?

{A) Gram stain of the nasal discharge

(B} Culture on blood, chocolate. and Thayer-Martin agars
(C} Culture in tissue culture cells

(D) Serology for specitic IgM and IgG antibodies

(E) Urine antigen test

DoODooo

From Morse S et al: Atlas of sexually transmitted diseases and
AIDS, ed 3, St Louis, 2003, Mosby.

224 Enterococcus is inherently resistant to sullonamides by
which mechanism:

a (A} Use of exogenous thymidine

d (B Active efflux out of cell

a (C) Decreased aftinity of dihydrofolate reductase
(1) Enzyvmatic degradation of antibiotics

(E} Presence of permeability barrier

0o

225  During a military conflict in Somalia. soldiers develop a
febrile illness characterized by the abrupt onset of fever with
rigors, severe headache. myalgias, arthralgias, lethargy, photo-
phobia, and coughing. Observed are conjunctival suffusion and
a petechial rash that develop 4 days into the illness and then lade
alter 1 1o 2 days at the time the symptoms wane. Splenomegaly
and hepatomegaly are also characteristically present. After 1
week 1o 10 days. the symptoms recur. The tentative diagnosis of
this disease is relapsing fever, Which vector is most likely the
cause of this diseases
{A) Flea
(B} Hard tick
(C) Louse
(D) Mite
{E) Mosquito

oocodd

226 Which antibiotic can be used to treat infections caused
by Listeria:
(A) Ampicillin
(B) Ceftazidime
{C) Gentamicin
(D} Tetracycline

ouooo

(E) Trimethoprim
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227 A 73-year-old diabetic man is brought to the hospital by
his daughter because he is complaining of intense pain in his lef
car. The ear is edematous with erythema and a purulent dis-
charge present. A C1' scan ol the ear reveals solt tissue swelling
and destruction of the underlying temporal bone. Which organ-
tsm is mosl likely responsible for this infection?

0 (A) Moraxella catarrhalis

o (B) Pseudomonas aeruginosa
a (C) Staphylococcus aureus
(D) Streptococcus pneumoniae
o (E) Streptococcus pyogenes

Which statement is corrects

(A) Bacteroides [ragilis colonizes the pharynx.

(B) Acceptable specimens for anacrobic culture include
lung aspirates, biopsied tissue, and clean voided, mid-
stream urine.

{C) Clinical clues of anaerobic infections include a wound
with foul odor, gas in the tissue, and presence of a
sinus tract with sullur granules.

(D) Peptostreptococcus is typically resistant to penicillin.

(E) Actinomyces is a gram-negative, non—spore-forming
rod.

A 30-year-old woman goes to her physician complaining
| & persistent nonproductive cough and low-grade fevers. A
“t radiograph shows bilateral infiltrates with no signs ol con-
Mation. Blood cultures and induced sputum are collected for
Bure. The blood cultures are negative, no organisms are
woved on Gram stain of the sputum specimen, and routine
srial and fungal cultures are negative after 48 h. Growth of
erium, however. is observed after 7 days on a special
sm supplemented with serum, yeast extract, and glucose.
0 bacterial organism is most likely responsible for this
s infection?

‘A Chlamydophila (Chlanuydia) pneumoniae

1 Klebsiella pnevmoniae

W Legionella pneumophila

S Mycoplasma pneumoniae

B Streptococeus pnewmoniae

A sexually active 20-year-old woman sees her primary
sician with complaints of a vaginal discharge that has
~ odor. The discharge is collected; when potassium
{KOH) is added to the sample, the distinet odor is con-
hill test”), The pH of the discharge is elevated, and
_-Ilain reveals bacterial organisms (see figure)., Which
s most likely the one observed in the Gram stain
80 associated with baclerial vaginosis (also called

—

(A) Actinonnyyces
(B) Bacteroides

(C) Lactobacillus
(D) Mobiluncus

(E) Prevotella

oooDDo

231 A 55-year-old woman who has sulfered extensive burns
in a house fire is hospitalized in a university hospital burn unit.
Approximately 1 week after hospitalization, she develops fevers
to 39.5°C. ervthema and tenderness at the site of her femoral
catheter. and pain in her leg. The catheter is removed and sent
with blood for culture. The laboratory reports 2 days later that a
gram-negative pleomorphic rod is growing in the blood culture
(see figure). Upon subculture of the blood culture bottle. the
organism grows only anaerobically. The catheter is cultured on
aerobic blood and chocolate agars, and these cultures remain
negative. Which organism is most likely responsible for this

infection?
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Q (A} Bacleroides fragilis sent to the microbiology laboratory for Gram stain and culture.

Q (B} Campylobacter fetus Small, gram-negative coccobacilli are seen on Gram stain (see

a (C} Emterobacter cloacae figure). and the organism grows the next day on blood agar and

Q (D) Fusobacterium nucleatim chocolate agar, but organisms do not grow on MacConkey agar.

a (E) Pseudomonas acruginosa The organism has a musty odor. is catalase-positive, and [er-

ments glucose. Antimicrobial susceplibility tests demonstrale

232 Which organism commonly colonizes the surface of the — the organism is susceptible to penicillin, ietracycline, and cipro-

eyes? lloxacin. Which organism is most likely responsible for this girl's

a (A) Escherichia coli infection?

a (B) Pseudomonas aeruginosa

d (C) Staphylococcus aureus

% | (1) Staphylococcus epidermidis

d {F] Streptococcus pretnmoniae

233 A 68-vear-old woman is brought to the hospital because
she is complaining of feeling ill and has a low-grade tempera-
ture. When the woman arrives in the emergency depariment,
she is disoriented and agitated. Her temperature is 39.5°C, blood
pressure is 140/90 mm Hg, and heart rate is 36 bpm. Her chest
radiograph is clear, but a new heart murmur is heard. Blood cul-
tures are collected and. after 48 h of incubation, are reported to
be positive with a thin. curved. gram-negative rod. Preliminary

testing indicates the organism grows slowly at 37°C but not at

42°C. Which organism is most likely responsible for this

i 2 - (A1 Brucella melitensis
woman's infection? 0 (B) Escherichia coli
O (A) Campylobacter coli O () Francisella tularensis
d iB) Campylobacter fetus a (D) Haemophilus inflienzoe
[ (C) Campylobacter jejuni | (El Pastewrella multocida
O (D} Campylobacter lari
3  (E) Campylobacter upsaliensis 236 Which factor is responsible for endotoxin activity?

(A) Core polysaccharide
(B} Lipid A
(C) Lipoteichoic acid

234 A 28-year-old man with AIDS develops a 1-cm tender
erythematous skin nodule on his right leg. An aspirate of the

s collecte : his r5ici : sent for stains and i
nodule is collected by his physician and sc stains and (D) O antigen

I T 0

& e. Abundant PAM? y organisms are seen on Gram ; 3
culture. Abung MNs but nc b are i (B) Peptidoglycan
stain: however, abundant short acid-fast rods arc observed on

the acid-fast stain. After 4 weeks of incubation, the routine bac- s i
the acid-fast stain r 4 weeks ¢ BHap, ke Y 237 A 33-vear-old woman visits her physician because she

has been feeling tired and has muscle aches, a low-grade fever,
and a loss of appetite during the last month. Prior to this condi-
tion, she had been in good health since she was a teenager.

terial cultures and acid-fast cultures are negative. During this
period, additional nodules appear on the skin surface of both
legs. Acid-fast organisms are present in these nodules as well.

Nhic ism is most likely res ible f is infection? ; e
Which organism is most likely responsible for this infection although she did have rheumatic fever when she was young,

a (A) Mycobacterium avinm Approximately 3 weelks before her current condition developed.
i Q  (B) Mycobacterium chelonae she had a dental extraction. She tells the physician that her
O Q) Mycobacterium haemophilum dentist did not give her any prophylactic antibiotics at the time
a (D) Nocardia asteroides of the procedure. The concern about subacute endocarditis is
a () Rhodococcus equi confirmed by the presence ol a heart murmur. Three sets of
blood cultures are collected and are reported to be positive after
235 A young girl is bitten on her hand by her pet cat. The 3 days of incubation. Small gram-negative rods are observed on
wound is cleaned with soapy water, and a topical disinfectant Gram stain of the blood culture broths, and these organisms
is applied for 1 day. Approximately 3 days later. erythema is srow when the blood is subcultured to chocolate, blood. and
noticed at the bite wound: within 1 more day. the arca becomes anacrobic blood agars but not to MacConkey agar. The organism
indurated and painful. Axillary Iymphadenopathy is also on the aerobic and anaerobic blood agars is noted Lo pit the agar
noticed. The girl is taken to the local hospital. The wound is and has a bleach-like odor. Which organism is most likelv
opened. and 3 cc of purulent material is drained. The exudaie is responsible for this woman's infection?
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(A) Actinobacillus
(B} Cardiobacterium
(C} Eikenella

(D} Haemophilus
(E} Kingella

EYETENEE

238 Antimicrobial susceptibility tests are performed for Klef-
siella pnewimoniae isolated from a blood culture. The organism is
determined to be an extended spectrum beta-lactamase (ESBL)
producing strain. Which susceptibility pattern would most likely
be observed for this organism?
| (A} Resistant to aztreonam, ceftazidime, and piperacillin;

susceptible to cephalothin. ceftazidime, cefoxitin.,
Imipenem, and piperacillin-tazobactam
o (B) Resistant to aztreonam, cephalothin, ceftazidime, and
piperacillin; susceptible (o cefoxitin, imipenem, and
piperacillin-tazobactam
Jd  (C) Resistant
cefoxitin, and piperacillin: susceptible to imipenem
and piperacillin-tazobactam
Resistant to aztreonam, cephalothin, ceftazidime., cefox-
itin, and piperacillin, and piperacillin-tazobactam:
susceptible to imipenem
(E) Resistant to all antibiotics

Lo aztreonam. cephalothin, ceftazidime,

B D

Isolation of Campylobacter was originally accomplished
% which method?

- (A) Culture on BCYE medium

- (B) Culture in McCoy cells

- 1C) Culture in Thioglycolate broth

(D) Filtration through a 0.45-pum filter
IE) Use of differential centrifugation

Approximately 2 weeks after orthopedic surgery for
of a compound fracture of the femur, a 2 7-year-old man
Sops purulent drainage and redness at the surgical site,
£ the next week, the drainage increases, the surgical inci-
Becomes warm and tender Lo the touch, and he develops a
de fever. When this patient sees his physician. the clini-
Enosis of a surgical wound infection is made. and cultures
wined. The laboratory calls the physician 24 h later and
the growth of gram-positive cocci in pairs and short
The preliminary test for catalase production is negative,
“ausal organism is the most likely cause of this man's

¢ Enterococcus faecalis
Staphylococeus aurens
Staphylococeus epidermidis
Streptococcus pnewmoniae
Streptococeus pyogenes

37-year-old man living in New Mexico is well until he
@evelops a fever, chills, and a headache, Within a few
M8 onset of these symptoms, he has exquisite tender-

SECTION |

ness in his groin and notices swelling in the arca, This beconies
so painful that it hurts to move his legs. The skin overlving
the swelling is erythematous and edematous. e is taken to the
hospital. and he is extremely agitated upon arrival. His temper-
ature is 40°C, heart rate is 115 bpm. and his blood pressure
is 100/60 mm Hg. Approximately 5 days belore the paticni
became il he had removed a number of dead rodents from 2
shed on his farm. At the time. he remembers being bitten by fleas
from the rodents. Blood cultures and an aspirate from the
swelling in the groin are collected for culture. Gram-negative
coccobacilli are observed on Gram stain of the aspirate, and
the same organism grows from both the blood and aspirate cul-
tures, Which antibiotic would be most eflective [or treating this
infection?

(A) Ampicillin

(B) Ceftriaxone

(C) Erythromycin

(1) Streptomycin

ooooo

(£} Vancomycin

242  Which virulence factor is considered important for
Enterococcus faecium?
(A} Antibiotic resistance
(B} Capsule formation

ad

a

| (C) Endotoxin production
a (13) Enterotoxin production
d

{E) Pyrogenic factor

243  Which statement is correct?

] (A) Staphylocaccus aureus Tood poisoning is mediated by a
heat-labile enterotoxin.
d (B} Staphylococcal exfoliative toxins are responsible for
gas gangrene.
a (€} Staphylococeal scalded skin syndrome is a toxin-
mediated infection seen primarily in immunocompro-
mised patienis,
a (D) Infections with coagulase-negative staphylococci are
characterized by an acute onset and a rapidly fatal
course,
d (i) Staphylococei that are resistant to oxacillin are
resistant to all penicillins. cephalosporins.  and w
carbapenems. |

244 The wife of a 65-year-old man with COPD brings him to
the hospital because he is complaining of difficultics in breath-
ing and an increase in his coughing. Sputum and blood culiures
are collected for culture, The blood cultures are negative, bul tiny
gram-negative rods are seen on Gram stain (see {i gure) and from
the culture. The organism grows on chocolate agar but not on
blood agar or MacConkey agar. The organism also grows on tryp-
ticase soy agar supplemented with hematin and nicotinamide
adenine dinucleotide (NAD) bul not if either factor is missing.
Which organism is responsible for this man’s pulmonary
inlection?
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(A) Haemophilus aphrophilus
(B) Haemophilus ducreyi

(C) Haemophilus influenzae
(D) Haemophilus parainfluenzae

3
7
d
d
)

(E) Moraxella catarrhalis

N

45 Which specimen is appropriate for anaerobic culture:
(A) Catheterized urine
(B) Expectorated sputum
(C) Lung aspirate
(D) Rectal swab
(E) Urethral swab

ocoopoC

246 Which virulence factor is responsible for the persistent
cough caused by Mycoplasma pneumoniae infections?

(A) Endotoxin

(B) Exotoxin A

(C) P1 adhesin protein

(D) Phospholipase C

(E) Tracheal cytotoxin

OD0O0O0C

247 Which antibiotic inhibits protein synthesis by binding 1o
the 308 ribosomes:

Qa (A) Ciprolfloxacin

Q (B) Erythromycin

Q (C) Imipenem

d (D) Rifampin

Q (E) Tetracycline

248 Which organism is commonly found on the skin's
surface?

Q  (A) Actinomyces

d (B) Bacteroides

Q (C) Bifidobacterium

Q (D) Fusobacterium

a (E) Peptostreptococcus

BACTERIOLOGY QUESTIONS

249 Which diagnostic test would be most uselul for the iden-
tifving the associated staphylococcal disease?
(A) Endocarditis: blood culture
(B) Food poisoning: stool culture
(C) Impetigo: blood culture
(D) Scalded skin syndrome: blood culture

B ERaE

(E) Toxic shock syndrome: blood culture

250 A hard tick. Ixodes scapularis, iransmits which infectious
agents?
Q (A) Borrelia burgdorferi
Q (B) Leptospira interrogans
d (C) Yersinia pestis
Q (D) Rickettsia prowazekii
Q  (E) Plasmodium falciparum

251 A 64-year-old man with a recent history of [latigue.
weakness, shortness of breath, and easy bruising is admitted to
the local hospital. Acute myelogenous leukemia is diagnosed.
and chemotherapy is initiated. The patient develops a fever of
40°C 2 weeks later, and three sets of blood cultures are collected.
Two of the three cultures are reporied to be positive with gram-
positive rods. Subcultures ol the blood culture broths grow only
on anaerobic blood agar plates. The organism is catalase-
negative and resistant to vancomycin. Which organism is most
likely responsible [or this patient's infections
a (A) Actinomyces
a (B) Bifidobacterium
d (C) Eubacteritm
d (D) Lactobacillus
d (E) Propionibacterium

252 A laboratory rat bites a technician on his left thumb. He
cleans his thumb with a disinfectant and continues his research
work. The technician develops a high-grade fever accompanied
with a headache and severe arthralgias and myalgias 3 days
later. He thinks he has the flu and remains in bed lor the next
day: however, the headache becomes more severe, and he decides
to go to his physician. By the time he arrives in his physician’s
office. he has developed a rash over his arms and legs, including
the palms of his hands and soles of his feet. Blood and joint fluid
are collected for culture, The joint fluid culture is negative alter
5 days, but the blood culture is positive with pleomorphic gram-
negative rods (see ligure). Which organism is most likely respon-
sible for this man's infections?



(A) Capnocytophaga
(B) Eikenella
(C} Leptospira
(D) Spirillum
(E) Streptobacillus

253

sreatment ol leukemia when he develops @ persistent low-grade

A S6-year-old man has been hospitalized for 3 weeks for

Sewer It is noted that the skin overlying an intravenous catheter
& warm and red. Two blood cultures are collected, and the
~sibeter is removed and cultured. After 2 days of incubation,
ures of the blood and catheter are positive for coagulase-
sgative staphylococci, Which virulence factor is important for
seulase-negative staphylococcis

1A) Cyvtotoxin

{B) Enterotoxin

1C) Protein A

(D) Slime layer

(E) TSST-1

Which antibiotic would be expected to be active against
8 Neisseria gonorrhoeae and Chlamydia trachomatis?

(A Azithromycin

1B} Celtriaxone

1) Ciprotloxacin

D) Erythromycin

$E) Penicillin

Which property is considered a major virulence factor in
des fragilis?

#A) Cyvtotoxin

#8) Enterotoxin

) Endotoxin

W Metronidazole resistance

"8 Polysaccharide capsule

A Jd-vear-old man develops an inflammatory skin lesion
Sand. He suffered an injury to the hand 4 days previously,
of the lesion is raised and erythematous, with discol-
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oration in the central arca, When he sees his physician, he
describes the lesion as painful with a burning sensation and
intensely pruritic. There is no evidence of suppuration. His physi-
clan biopsies the wound and submits the specimen for Gram
stain, as well as for aerobic and anaerobic bacterial cultures.
Slender, gram-variable rods are observed in the Gram stain, and
the cultures are positive aller 2 days of incubation. Which organ-
ism is most likely responsible for this patient’s infection?

| {A) Bacteroides [ragilis

(B} Enterococcus faecalis

a

| (€1 Erysipelothrix rhusiopathiae
d (D) Pseudomonas aeruginosa

u

(B} Streptococous pyogenes

257 The exotoxin produced by Corynebacterivm diphtheriae
works by which mechanism?
(A) Blocks release of acetylcholine
(B) Blocks release of gamma-aminobutyric acid

d
a
Q  (C] Inactivates EF-2 and prevents protein synthesis
g (D} Stimulates increased adenylate cyclase activity
a

(B} Stimulates release of proinflammatory cytokines

258 Which factor is important for Streptococeus pneu-
meniae virulence:
(A) Endotoxin
(B Exotoxin A
(C) M protein adhesin
() Polysaccharide capsule

Oo0oO0O0ODO

{El Pyrogenic exotoxin

259  Which lactor is associated with pyelonephritis and renal
caleuli ("kidney stone™) formation?
O (A} Endotoxin production
d (Bl Presence of specilic pili that bind to host cell surfaces
a (€} Resistance to antibiotic killing
M| {D) Resistance to serum killing
a (E) Urease production

260 Three patients present to an inner city hospital with
infections subsequently demonstrated to be caused by the same
organism. The first patient, a 23-year-old prostitule, presents
with a temperature of 38.5°C. hypotension, icterus, pulmonary
rales, and muscle tenderness. The second patient, a 38-year-old
male, has a temperature of 38.5°C. icterus. mild upper quadrant
tenderness. and muscle tenderness. The third patient, a 28-
vear-old male. has flu-like symptoms. a low-grade lever, and
muscle tenderness. The first and third patients cut their feet on
glass in a city alley. whereas the second patient cut his hand on
glass in an alley. The patients have not been in contact with each
other and no one has a significant travel history. All three
patients have elevated serum bilirubin levels. Two of the patients
develop acute renal failure in the second week of hospitalization;
one paticnt develops meningitis. A fourth patient is subsequently
reported to the public health department with the same
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illness. This patient's illness develops after swimming in a
city reservoir. Which organism is most likely responsible for these
illnesses:

(A} Aeromonas hydrophila

(B} Leptospira interrogans

(C) Mycobacteritnm marinum

(D) Streptococcus pyogenes

cooQdo

(Ey Vibrio vulnificus

261 Approximately 4 h alter eating at a family picnic, three
people develop nausea and abdominal cramps, followed by severe
diarrhea and vomiting shortly after the onset of the initial symp-
toms. None of them has a fever. Within 24 h, the ill family
members have recovered from their illness. Which toxin is most
likely responsible lor this illness:
1A Alpha-toxin
(B) Enterotoxin A
(€1 Exfoliative toxins
(D) Leukocidin
(E) TSST-1

RiEVEND B

262 Which structure is characteristic of a prokaryotic cell:
(A Golgi apparatus

(B} Lincar strands of DNA

(C) Mitochondria

(D1 Peptidoglycan

(E} 808 ribosome

ODDO0D

263 Coviclla burnetii infect a variety of animals, including
birds, farm animals (e.g., sheep. cattle, goats), domestic pets (e.g..
dogs, cats), rabbits. and humans. Which route of infection is the
most common for humans:

{A) Ingestion

(B) Inhalation

(C) Mosquito bite

(D) Tick bite

() Penetration through unbroken skin

B Rl B E

264 A sexually active man living in Brazil notices a small
painless papule along the shalt of his penis. During the next
few weeks. the papule enlarges and then ulcerates. The
ulcer appears erythematous with raised edges (see figure). Addi-
tional papules appear on the penis during the next week and
coalesce with the primary lesion, lorming a large granulomatous
ulcer, Despite the appearance, the ulcer remains painless with no
purulence, although it bleeds easily upon contact. Which diag-
nostic test should be ordered to confirm the diagnosis ol this
infection:

36

From Morse SA et al: Atlas of sexually transmitted discases and
AIDS, ed 3. 2003, Mosby,

4 {A) Culture of the ulcer exudate on Thayer-Martin
medium

a (B) Culture ol the ulcer exudate on McCoy cells

Qa (Cy Culture of the uleer exudate on MacConkey agar

a (D1 Darkfield examination of the ulcer

a (L1 Giemsa stain of the ulcer exudate

265 Which test should be ordered to confirm the clinical
diagnosis of leplospirosis:
& {A] Gram stain
a (B1 Darkficld examination
| (Cy Culture of blood
a (1) Culture of urine
a (F) Serology

266 Lysozyme is able to degrade which bacterial component
and kill the organisms
a (A) Capsule
a (B) Cyloplasmic membrane
d (C) DNA
Q (D) Outer membrane
O  (E} Peptidoglycan

267 A sexually active 16-vear-old girl notices a vaginal dis-
charge and pain when urinating. Despite her use of a vaginal
douche, the discharge increases. Approximately 3 days alter the
start of the discharge. she notices increased lower abdominal
pain that radiates to both sides of the abdomen. A physical exam
at the health ¢linic demonstrates enlargement of the liver with
hepatic tenderness and right upper quadrant pain. The clinical
diagnosis o gonorrhea is made and contirmed by culture of the
vaginal discharge. This patient most likely has which condition:
1A) Endotoxemia
(B) Fitz-lugh-Curtis syndrome
(C) Hepatic abscess
(D) Reiter's syndrome

vooou

{E) Toxic shock syndrome
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268 A 34-year-old woman develops blurred vision, a dry
mouth, constipation, and abdominal pain 5 days after consum-
ing canned tomatoes. The woman's physician suspects she has
botulism. The toxin produced by Clostridium botulinum acts by
which one mechuanism?

(8| (A) Catalyzes hydrolysis of membrane phospholipids

d (B) Integrates into cell membranes, leading to pore for-
mation with cell lysis

a (C) Stimulates macrophages to release proinflammatory
cytokines

d (D) Blocks release of the neurotransmitter acetylcholine

a (E) Blocks release of neurotransmitters for inhibitory
synapses

269 An elderly homeless man notices a firm, swollen mass
along his jaw line. The jaw is not painful, so he initially ignores
the mass. Over the next 4 weeks, the swelling increases and then
a pimple appears. The pimple enlarges in size and then breaks
down. A small amount of drainage collects at the lesion (sce
figure). Additional ulcers subsequently form adjacent to the orig-
inal ulcer. Because of the progression of these lesions, the man
goes to the local health clinic where the drainage is collected for
Gram stain and culture. Which test would be useful to establish
the diagnosis of this man's infection?

(A) Culture on aerobic blood agar

(B) Culture on anaerobic blood agar

(C) Culture on BCYE agar

(D) Cryptococcal latex agglutination test
(E) Histoplasma antigen test

a
a
a
O
d

N

70 Which pathogen is susceptible to metronidazole?
(A) Actinomyces
(B) Bacteroides
(C) Clostridium
(D) Mobiluncus
(E) Peptostreptococcus

BRI

271 A 60-year-old woman living in Connecticut presents to
her physician with a 5-day history of high fevers (up to 40°C),

SECTION |

headaches, myalgia, and malaise. She remembers that 12 davs
before the start of her illness, she removed two engorged ticks
from her legs. Leukopenia and thrombocytopenia were docu-
mented at the time she is admitted into the hospital. During the
course of her illness, no evidence of a rash develops. The fever
however, is persistent despite intravenous treatment with cef-
tazidime and vancomycin, and she becomes increasingly con-
fused and somnolent. Bacterial cultures of blood, cerebrospinal
fluid, and stool are negative. Giemsa stains of peripheral blood
demonstrate intracellular organisms in granulocytic cells.
Which organism is most likely responsible [or this infection:

(A) Anaplasma phagecytophilum
(B) Babesia microti

(C) Coxiella burnetii

(D) Plasmodium vivax

(E) Rickettsia rickettsii

() Y Y

272 Acute glomerulonephritis is a complication of infection
with Streptococeus pyogenes. 1t is characterized by inflammation
of the renal glomeruli with edema, hypertension. hematuria.
and proteinuria, Which test would be most useful for the diag-
nosis of acute glomerulonephritis if the primary infection is
pyodermas
(A} Blood culture
(B) Measurement ol ASO antibodies
(C) Measurement ol anti-DNase. B antibodies
(D) Measurement of streptokinase antibodies
(E) Urine culture
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73 Which bacterium has mycolic acids in its cell wall?
(A) Actinomyces
(B} Rhodococcus
(C) Rothia
(D) Streptomyces

Cooop

(E) Tropheryma

274 A skin test measuring cellular immunity is a useful
screening test to determine exposure to Mycobacterium tubercu-
losis. Which mycobacterial antigen is used to elicit this response?
(A) N-acetylglucosamine
(B) Arabinogalactan
(C) Cell wall proteins
(D) M-diaminopimelic acid
(E) Mycolic acid

5 ]

275 An acutely ill 69-year-old man presents to the hospital
complaining of pain in the left arm. The patient states that he
noticed on the previous day a small area of redness on the left
elbow that was associated with tenderness. This area became
progressively more painful. He denies an insect bite or trauma to
the area. The physician notices crepitance and skin mottling
extending over the upper left arm and involving the adjacent
chest wall. Fluid is aspirated from the swollen elbow and arm.
and spore-forming gram-positive rods are observed (see ligure)
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in the absence of neutrophils. The patient is rushed to surgery,
where his arm is amputated and exiensive débridement of the
chest wall is necessary. Despite the surgical inlervention and
administration of antibiotics, the patient expires the next day.
Postmortem examination reveals the patient had colon cancer.
Which organism is most likely responsible for this infection?
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(A) Bacillus anthracis

(B) Bacillus cereus

(C) Clostridium perfringens
(D) Clostridium septicum

ooooo

(E) Erysipelothrix rhusiopathiae

276 An 35-year-old man with non-Hodgkin's lymphoma is
admitted to the hospital with a 1-week history of low-grade
fevers, productive cough, malaise, and wealmess. Upon exami-
nation, he has a temperature of 39.5°C, WBC ol 12,600 per
mm’® with 85% PMNs, and an elevated sedimentation rate. A
chest radiograph reveals infiltrates in the left upper lung tield.
Neurological examination shows lower extremity weakness,
more pronounced on the right, with diminished reflexes in both
lower limbs, A CT scan of his brain shows multiple lesions.
Expectorated sputum is sent to the clinical micrabiology labora-
tory. Filamentous, branching organisms that stain weakly with
the Gram stain are observed the specimen is examined. The
organisms also stain with the modified acid-fast stain. After 4
days, abundant, intensely white colonies are observed on blood
agar, Sabouraud agar, and Middlebrook medium. After addi-
tional incubation, the colonies develop an orange color and
acrial hyphae. Which organism is most likely responsible for this
man's infection?

a (A) Actinomyjces
a (B) Mycobacterium

a (C) Nocardia
Qa (D) Rhodococeus
a (E) Streptomyces

277 Most clinically important species of Brucella share lwo
surface antigens, A and M antigens, that stimulate an immune
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response in infected patients. Which Brucella species does not
have these antigens and is not detected by the serologic assays
that are used to detect the other species?

(A) Brucella abortus

(B) Brucella canis

(C) Brucella melitensis

(D) Brucella suis

() All Brucella species are detected
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278 Sexually active individuals may have multiple infections
with Neisseria gonorrhoeae. Which surface protein contributes to
the antigenic variation that is responsible for reinfection with
this organism?

(A) Opa protein (protein II)

(B) Pilin protein

(C) Por protein (protein I}

(D) Rmp protein (protein 111}
{E) Transferrin-binding protein
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279 A 32-year-old man with HIV presents to his physician
with a 3-week history of low-grade fevers, chest pain. and a pro-
gressively worsening productive cough. His CD4 lymphocyte
cell count is 50/mm’. Chest radiograph shows bilateral infil-
irates in his lung fields. Sputum s collected lor bacterial, fungal,
and mycobacterial stains and cultures. The Gram stain and
fungal stains are negative, but large, acid-fast rods are seen in the
specimen. After 3 weeks of incubation, acid-fast rods are recov-
ered in the Lowenstein-Jensen medium and Middlebrook broth.
After exposure to light, the colonies on the Lowenstein-Jensen
medium develop a vellow pigment (see figure). Which organism
is most likely responsible for this man's infection?

From Baron L], Peterson LR, Finegold SM: Bailey and Scott's
diagnostic microbiology, ed 9. St Louis, 1994, Mosby.

(A) Mycobacterium avium

(B) Mycobacterivm fortuilum
(C) Mycobacterium haemophilum
(D) Mycobacterium kansasii

ooooo

(E) Mycobacterium tuberculosis
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280 Approximalely 4 days after intraabdominal surgery. the
patient develops spiking fevers and increased abdominal tender-
ness. The patient returns to surgery, and the physician drains
S0 ¢ of loul-smelling, purulent material. The pus is submitted
for culture: aller 2 days, growth is present on the anaerobic
media. Gram stain of the colonies shows pleomorphic gram-
negative rods, Preliminary identification test results show resist-
ance Lo kanamycin, vancomycin, and colistin, as well growth
stimulated by 200, bile. Which virulence factor produced by this
organism is responsible for abscess formationrs
(A} Capsule
(B) Endotoxin
(C) Fimbria
(D) Phospholipase C
(E) Superoxide dismutase

281 The exotoxin produced by Clostriditm {etani works by
which mechanism?

(A) Blocks release of acetylcholine

(B} Blocks release of GABA

{C} Inactivates EF-2 and prevents protein synthesis
D) Stimulates increased adenylate cyclase activity

{1 Stimulates release of proinflammatory cytokines

282 A mother notices that her 18-month-old boy is unusu-
ally irritable and is pulling at his left ear. Approximately 5 days
carlier, he had an upper respiratory tract infection with nasal
congestion and a dry, nonproductive cough. The respiratory
symptoms have resolved. but the ear pain persists, When the
bov's pediatrician examines the child’s ear, the membrane is
swollen and red. The diagnosis of otitis media is made. Which
organism is most likely responsible for this infection:
1AL Pseudomonas aeruginosea
(B) Staphylococeus aureus

a

a (C) Streptococeus pnewnoniae
Q (D) Streptococeus pyogenes

d

() Streptococeus salivarius
283 Bacteria become resistant to  imipenem by which
mechanism?

4 1A} Acetvlation of the antibiotic

4 iB) Active eftlux of the antibiotic out of the cell

d (C) Modilication of pentapeptide side chain in the cell
wall peptidoglycan

d (D) Modilication ol a ribosomal binding site

a

(£} Production of metallo beta-lactamase

284 A sexually active 23-year-old man presents to his physi-
cian with the complaint that he has a small ulcer that has formed
on the shall of his penis (see figure). A small papule was initially
present thal enlarged and then broke down. forming an ulcer
with raised margins. The ulcer is painless. Painless swellings of
the regional lymph nodes are noted on physical examination.
The physician considers syphilis as the most likely cause of the

SECTION 1

infection. Which test would be the most sensitive one to conlirm
the diagnosis of syphilis at this stuge ol the inlection?

From Morse S et al: Atlas of sexually transmitied diseases and
AIDS, ed 3, St Louis, 2003, Mosby.

(A) Culture

(B Darklield examination
(C1 Gram stain

(DF FTA-ABS test

(k) VDRL test

2 i

285 A 33-vear-old woman suffers a cutl on the back ol her
hand while cleaning her fish tank. Approximately 3 weeks aller
the injury. she notices the area that she injured is red, swollen,
and painful 1o her touch. During the next month. a subcuta-
neous nodule develops that enlarges and eventually ruptures
with scrous drainage. Additional nodules also develop along the
lymphatics. When she goes to her physician, the initial nodule
has evolved into a verrucous, crusted plaque. She has no sys-
lemic svmptoms. Biopsies ol the lesion and one nodule are
performed and sent for histopathology and culture. Which diag-
nostic test would most likely reveal the organism responsible for
her symptoms:?
1A) Culture in Middlebrook broth at 30°C
{B} Culture on Lowenstein-Jensen medium at 37°C
(C} Culture on BCYE agar at 37°C
(D) Culture on Sabouraud agar at room temperature
{E] Gram stain

oooddd
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286 Which medium is optimum for the recovery of
Corynebacterium diphtheriae?
(A} Bordet-Gengou agar
(B) Cysteine-tellurite agar
(C} MacConkey agar
(D) Sheep blood agar

&2 I o i B ] |

(E} Thayer-Martin agar

287 Which statement about Peplostreptococcus is correct?

(A) Most infections are monomicrobic.
B

oD

Peptostreptococcus is an important cause ol gas gan-

grene.

a (C) Peptostreptococcus is responsible for abscesses con-
nected with sinus tracks.

a (D} Pepiostreptococcus is responsible for urinary tract
infections (UTIs).

O  (E) Penicillin is the drug of choice for treating infections

caused by Peptostreptococcus.

288 Which
accurater

statement aboul Staphylococcus  aureus  1s

d {A) Gram-positive cocel are arranged in pairs and short
chains.
. (B

The organism is characterized by a positive catalase

reaction and negative coagulase reaction.

a (C) The organism is capable of producing heat-stable
enterotoxins.

d i) Cytotoxins mediate tissue damage in rheumatic heart
disease.

d (L) PV

syndrome.

leukocidin is responsible [or scalded skin

289 Which genus was originally classified as a "nutritionally
delicient Streptococeus™?

O

(A) Abiotrophia
a (B) Aerococcus
| (C) Lactococcus

a (D) Leuconostoe
u (E} Pediococeus

290 A 20-vear-old male student is brought by his girlfriend
to the emergency department of a local hospital. Upon physical
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examination, the patient is found obtunded, has a temperature
ol 39°C, a blood pressurc of 104/52 mm Hg, and a heart rate of
148 bpm. He has a stifl neck and generalized petechial rash with
two arcas ol purpura. CSF is collected. The opening pressure is
180 mm H,0, WBCs are 4300/mm’ with 91% neutrophils,
glucose is 10 mg/dl. and protein is 755 mg/dl. A Gram stain and
culture of CSF is performed, with the Gram stain positive for the
organism shown in the figure. Which organism is most likely
responsible for this patient’s infection?

i

(A} Cryptococeus neoformans
(Bl Haemophilus inflienzae
(C) Listeria monocytogenes
(D) Neisseria meningiticis

10 O ] B

(B Streptococcus pnewnmoniae

291 Bacteria become resistant to ciprofloxacin by which

mechanism?

o (A) Acetylation ol the antibiotic

a (B} Active efflux ol the antibiotic out of the cell

| (C) Medification of a DNA gyrase

a (D) Modification of a pentapeptide side chain in cell wall

peptidoglycan
{E) Modification of a ribosomal binding site

(]
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1 (E) Pasteurella. Pasteurella multocida is commonly associ-
aled with animal bite wounds, particularly cat bites. Cats can

inflict a deep puncture wound that is difficult to clean adequately.
P multocida is a Tacultative anacrobe thal grows on blood
and chocolate agars but generally grows poorly or not at all on
MacConkey agar. Capnocytophaga organisms, particularly C. can-
imorsus and C. cynodegmi, are associated with animal bites:
however, these bacteria are long, thin gram-negative rods that
grow best in a microaerophilic atmosphere. Eikenella is gram-
negative coccobacillus associated with human bite wounds but
not animal bites, The Gram stain morphology and poor growth
on MacConkey agar are inconsistent with Escherichia. Fusobac-
terium is a strict anaerobe.

MM5 374-375

2 (B) Culture of the baby’s stool. Infant boiulism is the
mosi common form of botulism reported in the United States,
Most infants acquire the infection by ingesting foods contami-
nated with spores of the clostridium. The most common con-
taminated food product is honey. Although spores and toxin may
be recovered in honey or other contaminated foods. detecting
these in the loods is an insensitive way to confirm the clinical
diagnosis. The most sensitive method for confirming the clinical
diagnosis is culturing stool specimens lor the bacterium. Blood
cultures should not be processed. Serum and stool specimens
should also be collected and assayed for toxin, with stool speci-
mens being considered as more reliable than serum specimens.
Antibodies against the toxin would not be detected.

MM5 410-411

3 (B) Campylobacter fetus. Although patients with C. fetis
infections may initially experience gastroenteritis, the most
common presentation is seplicemia with dissemination of the
bacteria to multiple organs, C. fetus has an alfinity for the vas-
cular endothelium and is associated with septic throm-
bophlebitis, endocarditis, and pericarditis. C. coli, C, jejuni, and C.
upsaliensis primarily cause gastroenteritis, with dissemination to
the blood very uncommon. H. pyloriis a cause of gastritis. gastric
ulcers. gastric adenocarcinoma. and gasiric mucosa-associated
lymphoid-type lymphomas. This organism is also rarely recov-
ered in blood,

MM5 350

4 (C) Phagocytized bacteria inhibit phagosome/lysosome
fusion. Infection with M. tuberculosis is initiated by introduction
of the bacterium into the lower respiratory tract followed by
phagocytosis by inactivated alveolar macrophages. The phago-
cytized bacteria inhibit phagosome/lysosome [usion and initiate
replication in the macrophage. The macrophage is eventually
destroyed, and new cycles of phagocytosis, replication, and
cell death are initiated. Infected macrophages can spread to the
regional lymph nodes and to distal tissues (e.g.. bone marrow,
spleen. kidneys, central nervous system). Circulating macro-
phages and lymphocytes are attracted to the infected cells and

cellular debris, leading to the formation of granulomas (a char-
acteristic of these infections).
MMS5 298-300

5 (CQ) Assay of stool filtrates for toxin. Detection of C. diffi-
cile toxins is most reliable by using one of 4 number of commer-
cial immunoassays lor the toxins. The specimen that must be
tested is a stool filtrate; toxin is not present in the blood. A Gram
stain may provide an early clue that the disease is caused by
C. difficile, but the stain is insensitive and nonspecific. Culture
and NAA tests (e.g.. polymerase chain reaction [PCR]) do not dif-
ferentiate between colonization with ¢, difficile and disease
caused by this organism.

MM5 411-413

6 (A) Actinomyces. Characteristic of infections caused by
Actinomycees is the production of macroscopic colonies or gran-
ules. The granules can appear white or have pigment (hence the
name sulfur granules), The granules are found in the exudates
from wounds or sinus tracts that form during the course of the
disease. None ol the other genera listed in this question forms
macroscopic colonies or sulfur granules.

MM5 417-419

7 (Q) Escherichia coli. The patient's clinical symptoms are
consistent with a urinary tract infection, The presence of {ever
and lower back pain would localize the infection to the kidneys
(i.e.. pyelonephritis). E. coliis the most common cause of urinary
tract infections. although each of the other organisms in the
answers o this question can produce the same symptoms, Most
strains ol E. coli produce beta-hemolytic colonies on blood agar
and ferment lactose, producing pink-colored colonies on
MacConkey agar (acid produced during fermentation causes a
color shift in the neutral red indicator incorporated in the agar).
MacConkey agar is a selective, differential agar for gram-
negative bacteria. P mirabilis is the only other gram-negative rod
that is listed; however, it fails (o ferment lactose and produces
translucent or colorless colonies on MacConkey agar, S. aureus
and E. fwecalis are gram-posilive bacteria that [lail to grow on
MacConkey agar. S. aureus is lypically beta-hemolytic, whereas
L. faecalis is only rarely beta-hemolytic. C. albicans is the most
common fungus associaled with urinary iract infections;
however. disease caused by C. albicans is most commonly present
in hospitalized patients, patients receiving antibacterial antibi-
otics, or patients with indwelling urinary catheters.

MM5 327, 337

8 (D) Inhibits initiation of RNA synthesis. Rifampin binds
to DNA-dependent RNA polymerase and inhibits the initiation of
RNA synthesis. Resistance to rifampin can develop rapidly if the
drug is used alone. Rifampin resistance in gram-positive bacte-
ria results [rom a mutation in the chromosomal gene that codes
for the beta subunit of RNA polymerase, Gram-negative bactleria
are resistant intrinsically to rifampin as the result of decreased
uptake of the hydrophobic antibiotic.

MMm5 211
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9 (A) Capsule-mediated inhibition of phagocytosis. Strep-
tococeus pnewmoniae is covered with a complex polysaccharide
capsule. This is the major virulence factor lor these bacteria
because the presence of the capsule prevents phagocytosis.
Encapsulated strains are associated with discase in humans and
experimental animals, whereas nonencapsulated strains are
avirulent. Free capsular polysaccharides can be released from
the bacteria and bind opsonic antibodies. [urther protecting the
bacteria from phagocytosis,

MM5 198-201, 253-254

10 (B) Listeria monocytogenes. Although L. monocytogenes
is most likely the bacterium that caused the meningitis. it is
important to note first that all five of the bacteria listed in this
question can also cause the disease. E. coli and group B S, agalac-
tine are primarily restricted to babies less than 1 month of age.
whereas L. monocyiogenes, N, meningitidis, and 8. pnetmoniae can
cause meningitis in all age groups (N, meningitidis is most
common in young adults, whereas the other two bacteria cause
disease most commonly in the voung and the very old). The
baby's meningitis is most likely caused by L. monocytogenes
because the organism is a slow-growing, weakly beta-hemolytic,
gram-positive coccobacillus. In contrast with other organisms,
L. monocytogenes grows slowly in CSF and typically is not
observed in a Gram stain of CSF because relatively few organ-
isms are present. When observed by Gram stain. L. monocyto-
genes may be mistaken for S. pretmonioe. Organisms isolated
in culture are readily differentiated by colonial morphology
(8. pneumoniae is alpha-hemolytic) and simple phenotypic tests.
I coli and N, meningitidis are gram-negative and should not be
mistaken for L. monocytogenes. S. agalactiae is a gram-positive
cocel but grows well on blood agar and appears as long chains
rather than single cells or pairs.

MMS5 274-276

11 (E) Urethral discharge. The urethral discharge is col-
lected on a swab and transferred to appropriate media or trans-
port systems. Blood should not be collected on a swab because
relatively few organisms are typically present in the blood of a
seplic patient (i.e., an organism count of less than 1/ml of
blood). A large volume of blood (i.e., 10 to 20 ml) should be cul-
tured. Although a large amount of bacteria is typically present
in the cerebrospinal fluid of a patient with meningitis, the organ-
isms most commonly responsible for meningitis (e.g., Streptococ-
cus pneumoniae, Neisseria meningitidis) are very labile and will die
rapidly on a swab. Multiple media must be inoculated with lecal
material. so the quantity collected on a swab is generally inade-
quale. Sputum must be carefully examined macroscopically to
select a portion ol specimen that is not contaminated with upper
respiratory tracl secretions. This cannot be done if the specimen
is collected on a swab.

MM5 213-218

12 (A) Ciprofloxacin. Ciprofloxacin inhibits the DNA gyrases
or lopoisomerases that are required for DNA replication, recom-

42

BACTERIOLOGY ANSWERS

bination. and repair, Tetracycline and ervthromycin inhibit
protein synthesis by binding to the 308 and 308 ribosomal sub-
units: imipenem disrupts the synthesis of the peptidoglycan layer
ol the cell wall; and rifampin binds to DNA-dependent RNA poly-
merase to inhibit the initiation of RNA synthesis.

MM5 210-211

13 (D) Pseudomonas aeruginosa. The Gram stain morphol-
ogy. colonial morphology. and preliminary biochemical test
results are consistent with P aeruginosa. A, haemolyticus and
S. maltophilia are oxidase-negative, M. catarrhalis are gram-
negative coccl arranged in pairs that resemble Neisseria. B. cepacia
is typically susceptible to trimethoprim/sulfamethoxazole.

MMS5 357, 362-363

14 (C) Mycoplasma pneumonige. The bov presents with
community-acquired pneumoniae. The presentation of this dis-
ease is protean: however, patients commonly develop symptoms
alter a 2- to 3-week incubation period. The patient typically
presents with a low-grade lever, malaise, headache. and a dry,
nonproductive cough. Pharyngitis may be present. Chest radi-
ographs are typically more impressive than the clinical presen-
tation. C. (Cllamydia) pneumoniae and L. pneumophila are also
responsible for community-acquired “atypical pneumonia.”
S, pnewmoniae is & common cause of community-acquired
pneumonia, but the presentation will be more acute and patients
will typically have a productive cough. T pallidum, the etiologic
agent ol syphilis. would not present in this [ashion. The negative
Gram stain and culture would rule against S. pneunioniae but
would be expected for M. pnewmoniae, C, pnewmoniae, and L.
pnewmnophila. The important clue here is the positive cold agglu-
tinin test. Positive lests are observed in 50% of the infections
with M. pnewmoniae, but this positive test is not seen with C. pneu-
maoniae or L. pneumophila. The false-positive VDRL is also observed
with M. pnewmoniae. Despite the positive cold agglutinin test, this
is an insensitive and relatively nonspecific indicator of M. pneu-
moniae, Culture in specialized media is available, but the test is
slow (requiring incubation for 2 weeks or longer) and insensitive,
Specific serology, such as through complement fixation and
enzyme-linked immunoassays (ELISA) is available but is also
slow (peak titers may require 4 weeks or longer). The most ser-
sitive and specific test involves the use of molecular probes, either
with or without nucleic acid amplification.

MM5 445-446

15 (D) Staphylococcus aureus. The boy has septic arthritis.
In a child this age with no evidence of an open wound from the
tall. the most common cause of septic arthritis is S. aureus. The
Gram stain results are consistent with this diagnosis. L.
Jaecalis and 8. pyogenes (group A Streptococcus) are also gram-
positive cocci: however, they are not as commonly associated
with septic arthritis. In addition, the Gram stain morphology of
L. Jaecalis is cocel arranged in pairs and short chains, and S,
byogenes appears as coccl arranged in long chains, B. cereus is a
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gram-positive rod and would not be suspected unless the patient
has an open lesion with evidence of soil contamination of the
wound. N, gonorrhoeae, a gram-negative cocel arranged in pairs,
is a common cause of seplic arthritis in sexually active patients.
MM5 232-233

16 (E) Penicillin. Treatment of diphtheria requires the use of
penicillin {or erythromycin) {o eliminate the toxin-producing
bacteria, as well as the early administration ol diphtheria anti-
toxin, Lo neutralize the exotoxin before it is bound by the host
cells,

MM5 279-283

17 (D) Resistance to penicillin is mediated by beta-
lactamases. More than 80% to 90% of staphylococcal isolates
produce beta-lactamases that are able to hydrolyze penicillin.
Dicloxacillin, oxacillin, and ampicillin/sulbactam resistance is
mediated by alterations in the penicillin-binding proteins and not
by beta-lactamase production. Vancomycin resistance is related
to changes in the outer cell wall of the bacteria or acquisition of
resistance genes that modify the peptidoglycan structure.

MM5 204-208

18 (D) Nucleic acid-based tests. Tropheryma whipplei is the
etiologic agent ol Whipple disease, a disorder characterized
by arthralgia. diarrhea, abdominal pain, weight loss, lym-
phadenopathy. fever, and increased skin pigmentation, Histori-
cally, the disease was diagnosed on the basis of the clinical
presentation and the detection of periodic acid-Schiff stain (PAS)
positive inclusion in foamy macrophages that infilirated the
lamina propria of the small intestine. Although these inclusions
were plentiful in lissues, the organism has not been reliably
grown in culture. The bacterial etiology of this infection was
confirmed by molecular diagnostic tests, specitically amplifica-
tion and sequencing of ribosomal DNA of this bacterium that
was present in the infected macrophages. Although PAS stain-
ing can still be used for confirming the diagnosis. nucleic
acid-based tests are used o document definitively that Tro-
pheryma is involved in the disease process,

MM5 294
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19 (B) Lice. Trench fever is a disease thalt has occurred
during military conflicts. No animal reservoir has been identi-
fled: rather, the disease is spread person-to-person by the human
body louse.

MM5 397-399

20 (D) Streptococcus pneumoniae. Patients that are
asplenic are at increased risk of developing overwhelming infec-
tions with encapsulated organisms. The spleen is responsible for
producing opsonizing antibodies, required for the removal of
encapsulated organisms such as S. pnewmoniae and H, influenzae.
In the absence of a functional spleen, infection with these organ-
isms can reach a magnitude that allows the organisms to be
observed directly in blood specimens (an organism count of more
than 10°/ml of blood compared with an organism count of less
than 1/ml of blood in septic patients with functional spleens).
The vast majority of these infections are caused by S. prneumo-
niae. Observation ol gram-positive cocci in the blood confirms
the diagnosis. The other organisms listed in the answers for this
question are not associated with an increased risk of infection in
these patients and would not reach a magnitude that would
permit direct observation in peripheral blood smears.

MM5 252-257

21 (B) Peptostreptococcus and Fusobacterium. This man
has multiple brain abscesses, which are most commonly caused
by invasion of normal oral bacteria into the brain by either direct
extension or bacteremia. The immunocompromised status of the
man made him more susceptible to this infection. All of the
organisms listed in this question can be found in the oropharynx
and can cause a brain abscess. Staphylococcus, Streptococcus. and
Haemophilus, however, can be excluded from causing this man's
infection because the organisms did not grow on the aerobic
media. Peptostreptococeus is the most commonly isolated anaero-
bic gram-positive cocci. Bacteroides, Fusobacterium, and Prevotella
can be differentiated by the size of these anaerobic gram-
negative rods: Fusobacteriwm are typically long and thin,
Bacteroides are pleomorphic. and Prevotella are short rods.

MMS5 415-416, 424




22 (B) Propionibacterium is found on the skin’s surface.
With the exception of Propionibacterium and Peptostreplococeus.

relatively few anaerobes are found on the surface of the skin. B.

fragilis is a gram-negative bacillus. Lactobacillus colonizes the

genitourinary tract but is rarely associated with infections at this
site. Most anaerobic infections are polymicrobic and caused by
the patient's endogenous organisms, with the exception of a
Clostridial infection.

MMS5 416, 419

23 (A) Beef stew. Clostridium perfringens food poisoning is a
common but underappreciated bacterial disease and is charac-
terized by a short incubation and duration with symptoms of
abdominal cramps and watery diarrhea. The disease is mediated
by @ heat-labile enterotoxin, so disease can be avoided by heating
the contaminated food immediately before serving. The food
products most commonly associated with C. perfringens infec-
tions are meats and gravics.

MMS5 405

24 (B) Chicken. The most common source of Campylobacter
is contaminated chicken and other pouliry products. Campy-
lobacter infections have also been associated with contaminated
milk and water.

MM5 350

25 (A) Intraabdominal abscesses. B. [ragilis, the most viru-
lent anaerobe in the colon, causes intraabdominal infections
after intestinal perforations. Gas gangrene or myonecrosis can be
caused by B. fragilis, but Clostridium species (particularly C. per-

fringens and C. septicum) are a more common cause. Anaerobes

responsible for brain abscesses are typically present as a poly-
microbic infection caused by aercbic and anaerobic bacteria
that colonize the upper respiratory tract, such as streptococci,
peptostreptococci, Porphyromonas, Prevotelle, and Fusobacterium.
Pelvic inflammatory discase is most commonly caused by Neis-
seria gonorrhoeae or Chlamydia trachomatis. Clostriditwm difficile
causes pseudomembranous colitis.

MM5 423-425

26 (E) Blocks release of the neurotransmitters for
inhibitory synapses. The neurotoxin of Clostridium tetani is
called tetanospasmin. It acts by blocking the release of the neu-
rotransmitters gamma-aminobutyric acid (GABA) and glycine
that are important regulators of inhibitory synapses. This
action causes excitatory synaptic activity that is unregulated
(spastic paralysis), producing symptoms such as contraction of
facial muscles, drooling, sweating, irritability, and cardiac
arrhythmias.

MMS5 406-407

27 (B) Clostridium difficile can survive in an environment
(e.g., hospital floors, medical instruments) for a prolonged
period. C. difficile is a spore-forming organism that (requently
colonizes the environment surrounding an infected patient,

Lactobacillus is an opportunistic pathogen bul is not associated
with intravascular catheters. After letanus toxin binds to the
nerve endings, the toxin is internalized, Therefore an antibody
response is nol associated with tetanus. The primary virulence
tactor found in B. fragilis is its polysaccharide capsule: this bac-
terium does not produce endotoxin or exfoliative toxin. B. fragilis
is typically resistant to penicillin.

MMS5 411-413

28 (E) Nocardia asteroides. All of the organisms listed in the
answers (o this question are bacleria, Despite that fact. these
organisms either do not stain with the Gram stain or stain poorly.
Only N. asteroides can be reliably stained with the Gram stain
even though the pattern is beaded; that is. the organism will par-
tially retain the stain. This stalning characteristic, coupled with
the ability to stain with weak acid-fast stains, is very useful for
a preliminary identification of this organism. C. pnewmoniae has
an inner and outer membrane structure similar to gram-
negative bacteria, but this bacterium lacks a rigid peptidoglycan
laver and does not retain the Gram stain. L. pneumophila has a
sram-negative cell wall but is too thin to be detected by Gram
stain when present in clinical specimens. This property con-
tributed to the problems encountered when the first major out-
break occurred with this organism {at the Legionnaire's
convention in Philadelphia in 1976). After L. pneumophila bac-
teria are grown in culture. they thicken and can be seen as thin,
gram-negative rods. M, tuberculosis has a cell wall similar in
structure to the cell wall of gram-positive bacteria: however, a
major component of the cell wall is lipids that render the bacte-
ria hydrophobic. The hydrophobic nature of the cell wall pre-
vents uptake of the Gram stain, so these bacteria typically appear
as “ghosts” or nonstaining halos, M. pnetmeniae does not retain
the Gram stain because the bacterium lacks a cell wall.

MMS5 287-290

29 (A) Bacillus cereus. The clinical presentation of this
disease is consistent with [ood poisoning caused by B. cereus.
Disease is mediated by a heat-stable enterotoxin, B. cerens can
grow in contaminated foods, releasing the enterotoxin, Subse-
quent reheating of the food does not inactivate the enterotoxin,
Because the enterotoxin is present in the food, the incubation
period between ingestion and disease is short, and the duration
of disease is also short., Each of the other organisms in the
answers to this question produces gastroenteritis 1 to 2 days
after ingestion of the contaminated foods. The delay occurs
because the organisms must grow in the intestines before they
invade the intestinal mucosa or produce enteric toxins. Discases
caused by these other bacteria are self-limiting. but symptoms
may persist for up to 1 week alter onset.

MM5 269-270

30 (B) Bile solubility. S. pnewmoniae is unique among the
streptococci in ils sensitivity to bile. The ability of bile o dissolve
colonies of S. pneumoniae is a rapid, specific identification test.
Susceptibility to optochin is also used to identity S. pnewmoniae.
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This test. however. requires culturing the isolated organism on a
blood agar plate, placing a disk with optochin on the plate, and
then examining the plate after overnight incubation for inhibi-
tion of the bacteria. All streptococci are catalase-negative, so this
test is not helpful. Production of coagulase is used to identify S,
aureus. Oxidase is primarily used for the identification of gram-
negative bacteria.

MM5 256

31 (B) Clarithromycin. The organism responsible [or this
man'’s infection is Mycobacterium avitn complex, which is the
most common nontuberculous mycobacterium responsible for
disseminated disease in AIDS patients. Mycobacteritm tuberculo-
sis can be excluded here because it generally has a more acute
presentation and is niacin-positive and nitrate reductase-
positive. A point that underscores the low level of virulence of
M. avium complex is the observation that extremely high con-
centrations of the bacteria are present in tissues and the blood
before patients develop significant symptoms. In addition,
disease with M. avium complex is only seen when the CD4 cell
count falls below 10O/mm’®, M. avium complex is generally resist-
ant to all antibiotics except the macrolides: clarithromycin and
azithromycin,

MMS5 303-305, 308-309

32 (O Imipenem. The beta-lactam antibiotics (e.g.. imi-
penem) bind to the enzymes responsible for the assembly of the
peptidoglycan layer in the bacterial cell wall. Ciprofloxacin dis-
rupts DNA replication by binding to the alpha subunit of DNA
gyrase. lirythromycin binds to the 508 ribosomal subunit and
blocks polypeptide clongation, Rifampin binds to the DNA-
dependent RNA polymerase and inhibits the initiation of RNA
synthesis. Tetracycline inhibits protein synthesis by binding

to the 308 ribosomal subunits. thus blocking the binding of

aminoacyl-transfer RNA (tRNA) to the 308 ribosome/mRNA
complex,
MM5 204-207

33 (A) Actinomyces. This woman has pelvic actinomycosis,
which is most commonly associated with IUDs that have been in
place for more than 1 year. Actinomyces is part of the normal
tlora of the mouth, gastrointestinal tract, and vagina. In the
presence of the TUD, the organism is able to localize on the
foreign body and incite an inflammatory response. As the disease
progresses. sinus tract formation and spread to adjacent tissues
can occur. Lactobacillus. Mobiluncus, and Propionibacterium arce
also found in the vagina but have not been associated with
disease similar to this woman's presentation. Nocardia is an
aerobic environmental organism that typically forms filamen-
tous gram-positive rods. Nocardia is weakly acid-fast, which is a
useful test to differentiate Nocardia from Actinomyces.

MM5 417-419

34 (D) Streptococcus pneumoniae. Sinusitis typically devel-
ops in palicnts who have respiratory allergies or a history of a
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preceding viral respiratory infection (e.g.. respiratory syncytial
virus infection). In each situation, inflammation and swelling of
the passages cause the sinuses 1o become occluded, lrapping
nasopharyngeal flora in the sinuses, which permits the growth
of bacteria. The most common causes of chronic sinusitis are
S. pnewmoniae, nontypable strains of Haemophilus influenzae,
Moraxella catarrhalis. and a mixture of aerobic and anaerobic
bacterta. Haemephilus influenzae type b is rarely found in the
nasopharynx. N. neningitidis is present in the nasopharynx of
healthy individuals but has not been associated with sinusitis.
S. aureus can cause sinusitis. but the patient would have a more
acule presentation. S. pyogenes is a common cause of pharyngi-
tis but rarely causes sinusitis.

MM5 255-256

From Cohen |. Powderly WG: Infectious diseases, ed 2. St Louis,
2004, Mosby.

35 (Q) Erythromycin. Mycoplasmas lack a cell wall: therelore
antibiotics that interfere with cell wall biosynthesis would
be inactive, This would include the beta-lactamases (e.g..
ampicillin-sulbactam, ceftazidime, imipenem) and vancomycin.
Erythromycin interferes with protein synthesis and is effective in
treating infections caused by M. pneumoniae. The tetracyclines
can also be used to treat infections caused by this organism.
MMS5 443, 446-447

36 (E) Tick. Ticks arc the primary vector of tularemia in the
Uniled States, Other sources of infection with Francisella tularen-
sis are contact with an infected animal or domestic pet that is
host to the tick carrying this discase or inhalation of infectious
acrosols (e.g.. aerosolized blood from an infected rabbit during
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dressing). Deer flies are also a vector of tularemia bul are believed
to be infrequently associated with human disease.
MM5 386-389

37 (E) Urease. The most likely organism responsible for this
discase is Helicobacter pylori. Virtually all cases of type B
gastritis and most gastric and duodenal ulcers are produced by
this organism. H. pylori produces a number of virulence factors,
but the most important one is urease. The product of this enzyme
neutralizes stomach acids, allowing the organism to pass
through the gastric mucosa and adhere to the gastric surface.
The activity of this enzyme is also measured in a variety of diag-
nostic tesis.

MM5 351-354

38 (A) Bartonella henselae. This girl has “cal-scratch
disease” (CSD) caused by B. henselae, Although a variety of other
organisms can cause a similar clinical picture. the negative
cultures provide strong evidence that the girl has CSD. Generally,
relatively few organisms are present at the scratch site or in
the lymph node, with most of the symptoms related to the vig-
orous inflammatory reaction to the organism. B. henselae is a
fastidious, slow-growing organism requiring incubation for up
to 6 weeks before growth is detected. The diagnostic test of
choice for this disease is serology. K. granulomatis (formally
Calyyminatobacterium granulomatis) is the etiologic agent of gran-
uloma inguinale, a granulomatous disease allecting the geni-
talia and inguinal nodes. This organism has not been reliably
grown in cell-free culture. C. ochracea is a slow-growing faculta-
live anderobe associated with periodontitis, bacteremia, and
rarcly endocarditis. E. corrodens is a normal resident of the
human oropharynx and has been associated with bite wounds,
pulmonary infections. bacteremia, and endocarditis. P multocida
is a normal resident in the oropharynx of cats and dogs and has
been associated with bite wounds, pulmonary infections. and
bacteremia in immunocompromised patients.

MM5 397-398

39 (B) Tick. Lyme disease is the leading vector-borne disease
in the United States. The major reservoir hosis in the United
States are the white-footed mouse and white-tailed deer. The
white-looted mouse is the primary host of larval and nymph
stages of hard ticks (primarily the Ixodes species), and the adult
tick stage infest the white-tailed deer. More than 90% of human
infections are caused by bites of the nymph stages, so the mouse
is the more important reservoir host for human infections. The
tick larvae become infected when they feed on the mouse reser-
voir. When the larva molts to a nymph stage, it takes a second
blood meal, and humans can be the accidental host. Although
adull stages can cause disease, this form is generally large and
will be noticed and removed betore the tick can transmit the Bor-
relia organism (i.e., requires a period of feeding for 48 h or more).
MM5 433-438

40 (B) Clostridium difficile. All five organisms in the
answers (o Lhis question can cause gastrointestinal disease;
however, the important clue is that the symptoms developed afler
the patient started antibiotics. Beta-lactam antibiotics {(c.g., cef-
tazidime} and clindamycin have been most commonly associated
with disease caused by C. difficile. The antibiotics suppress the
bacteria normally present in the gastrointestinal tract and allow
proliferation of C. difficile, which may have been present in the
intestine or acquired during hospitalization. The presence of
white plaques over the colonic mucosa is consistent with the
more severe [orm ol discase. pseudomembranous colitis. This
early stage of C. difficile disease is referred to as “antibiotic-
associated diarrhea.”

MMS5 411-413

41 (C) Kinyoun stain. The Kinyoun stain is an acid-fast stain.
Acid-fast organisms include Mycobacterium, Nocardia, Rhodococ-

cus, Tsukamurella, Gordonia. Cryptosporidium, Cyclospora, and
Isaspora, as well as those from the phylum Microsporidia. The
calcofluor white stain is a nonspecific fluorochrome that binds
to chitin in the cell wall of fungi. Mycobacteria can stain
weakly with the Grum stain (gram-positive), bul most isolates
will not retain the stain, The trichrome stain is used to detect
intestinal and urogenital protozoa. The Giemsa stain is used
to detect blood-borne pathogens (e.g.. Borrelia, Ehrlichia.
Anaplasma, Rickettsin, Plasmodium, Babesia, Microfilaria),

MM5 173-174

42 (A) Actinobacillus actinomycetemcomitans. This woman
has a previously damaged heart valve and should have received
antimicrobial prophylaxis before her dental procedure, During
the dental procedure. organisms from her oropharynx were
introduced into her blood and attached to her damaged heart
ralve, The organisms were able to proliferate and cause further
damage. Slow-growing organisms, such as the ones listed in the
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‘ncorrect answers to this question, produce a subacute lorm of

endocarditis, with symptoms developing over weeks (o months,
S epidermidis and 8. mutans can be excluded as a cause because
these are gram-positive cocct. A, actinomyceetemeomitans is the
correct answer because these organisms characteristically form
adherent colonies on the surface of glass and plastic, such as the
material of a heart valve,

MM5 374

43 (B) Lipooligosaccharide (LOS). LOS is a major antigen

mn the cell wall of N. gonorrhoeae. This antigen is composed of

Upid A and a core oligosaccharide, similar to gram-negative
lipopolysaccharide (LI’S), and possesses endotoxin activity.
However, LOS does not have the antigenically diverse O polysac-
charide antigens found in LPS. LOS stimulates the inflammatory
response and release of tumor necrosis lactor-oo that causes
most of the symptoms associated with gonococcal disease.
N, gonorrhoeae does not have a true carbohydrate capsule
such as that found in N, meningitidis. The Opa protein mediates
attachment to epithelial cells, RMP protects the bacteria from
bactericidal antibodies, and teichoic acid is not found in N
gonorrhoeae.

MM5 311-315

44 (E) Staphylococcus saprophyticus. The patient's clinical
illness is consistent with a urinary tract infection. It could be
restricied to the bladder (cystitis) or. more likely, involve the
kidneys [acute pyelonephritis), The laiter is indicated by the flank
pain {over the kidney) and fever. S, saprophyticus causes urinary
tract infections primarily in young, sexually active women. This
organism can also produce upper tract infection with urinary
tract stone formation {due to production of urease. leading to
alkalization of the urine and mineral precipitationt, The Gram
stain resull is also consistent with 8. saprophyticus. C. albicans is
a cause o vaginitis and can cause urinary tract infections but
most commonly in catheterized patients and patients receiving
broad-spectrum antibacterial agents, In a selting such as this
voung woman's, the presence of C. albicans in urine would most
likely be insignificant. Although C. albicans can stain gram-
positive. the cells are much larger than bacteria and would not
be mistaken for bacteria. E. faecalis is a gram-positive coccus that
colonizes the gastrointestinal tract and can cause urinary tract
infections, This organism, however, typically produces infections
in patients who have been treated with broad-spectrum anti-
biotics and are cither catheterized or have a history ol urinary
tract manipulations. Neither situation exists in this woman. F.
coli 1s the most common cause ol urinary tract infections. includ-
ing those in young adult women. However, E. coli is a gram-
negative rod. N, gonorrfioeae is one of the most prevalent causes
of sexually transmitted diseases. An infection ol the urethra
would produce pain on urination and pyuria: however, symp-
toms of an upper tract infection would not be common, and the
Gram stain is inconsistent with N. gonorrhoeae,

MM5 233

T
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45 (D) Resistant to all beta-lactam antibiotics; susceptible
to vancomycin. If a Staphylococcus is oxacillin-resistant, it is
resistant to all beta-lactam antibiotics. Vancomycin is the drug
of choice for treating these organisms. At present, vancomycin-
resistant 8. qurens is very uncommon.

MM5 234-235

46 (A) Mycobacterium fortuitum. This opportunistic infec-
tion is caused by M. fortuitum. Infections with this organism were
historically restricted to traumatic accidents where contami-
nated soil was introduced into subcutaneous tissues. This organ-
ism. however. is now more commonly associated with iatrogenic
infections, such as this line-related infection. Diagnosis is some-
times complicated because these organisms are generally not
seen on Gram stain, and the growth can require extended incu-
bation of cultures. The uniform staining and lack ol branching
are inconsistent with N. asteroides or N. brasiliensis. R. equi would
appear as a coccus or coccobacillus. M. haemophilum would grow
on both sheep blood agar and chocolate agar but not in 2 days
{growth requires 2 or more weeks),

MM5 305

47 (A) Penicillin. The organism isolated in this man's cullure
is Eikenella corrodens. This is an organism that is a normal resi-
dent in the human oropharvnx and has been associated with
human bite infections and fistfight injuries and less commonly
with endocarditis. sinusitis, meningitis, brain abscesses. pneu-
monia, and lung abscesses. Most bite or fistfight inlections are
polymicrobic and involve aerobic, Tacultative anacrobic. and
strict anaerobic bacteria. I, corrodens is a slow-growing laculta-
tive anaeraobe. It grows slowly on nonselective acrobic media but
senerally grows poorly or not at all on selective media such as
MacConkey agar. Characteristics that help to identily this organ-
ism are the bleach-like odor it produces and the ability 1o pit
i"corrode”) agar. [n contrast with most gram-negative bacteria,
penicillin is active against this organism and is considered the
drug ol choice for treating infections. Other aclive antibiotics
include ampicillin, extended-spectrum cephalosporins, tetracy-
clines, and [luoroquinolones, Antibiotics that are generally
inactive include oxacillin, first-generation cephalosporins (e.g..
cephalothing, clindamycin, erythromycin, and aminoglycosides.
MM5 320-321

48 (C) Escherichia coli 0157. Antibiotic treatment of
patients infected with E. coli 0157 has been associated with an
increased risk ol developing hemolytic uremic syndrome. Infec-
tion with C. jejuni is generally sell-limiting, but antibiotic therapy
is recommended for treatment ol severe gastroenteritis or dis-
seminated disease. C. difficile diseuse is managed by discontinu-
ing the antibiotics that induced the disease and treatment with
gither metronidazole or vancomycin to eliminate the bacteria. H.
pylori infections are managed by using a combination of a proton
pump inhibitor (e.g., omeprazole) and one or more antibiotics
(e.g.. tetracycline, clarithromycin., amoxicillin, metronidazole).

47




. sonnei infections are treated with antibiotics to limit the spread
of organisms to contacts.
MM5 329-330, 337-338

49 (D) Nocardia asteroides. An infection with N. asteroides
typically presents as a bronchopulmonary infection. with dis-
semination lo the central nervous system or subculaneous
tissues as a common complication. These bacieria are gram-
positive but characteristically stain poorly. N. asteroides organ-
isms have mycolic acids in their cell wall and are weakly
acid-fast. This property is uselul to distinguish N. asteroides rom
A, israelii and C. jeikeium (non—acid-fast) as well as M. tuberculo-
sis (strongly acid-fast). R. equi is weakly acid-fast and is associ-
ated with cavitary lung disease. bui it lypically appears as
coccobacilli or cocci.

MMS5 287-292

50 (E) Replication in fused phagosome/lysosome. The vir-
wlence of Salmonella is related to the ability of the organism to
replicate in phagocytic cells. The bacteria accomplish this by
their ability to replicate in fused phagosome/lysosome. Other
bacteria that are resistant Lo lysosom al enzymes include Coxfella,
Ehilichia, and Mycobacteriion leprae.

MM5 198-201, 330

51 (D) Legionella micdadei. Only a few bacteria exist that
are acid-fast or partially acid-last (i.e., retain the acid-fast stain
after decolorization with a weak but not a strong acid solution}.
Mycobacteria are strongly acid-fast, and the [ollowing bacteria
are the only other genera that are weakly acid-fast: Nocardia,
Rhodococcus, Tsukamurella, Gordonia. and Legionella micdadei. L.
miedadei is unique in that it is the only Legionella species that is
weakly acid-fast and that it loses this property when the organ-
ism is grown in culture.

MM5 325

52 (E) Replication in fused phagosome/lysosome. Coxiella
hurnetii is an obligate intracellular pathogen. Intracellular
multiplication is initiated after the bacteria are phagocytized,

and the phagosome tuses to form a phagolysosome. The acidic
environment activates the bacterial metabolic machinery.
MM5 198-201, 460-462

53 (A) This organism is typically susceptible to penicillin.
The drug of choice [or treating an infection with E. rhusiopathiae
is penicillin. Although cephalosporins, erythromycin, and clin-
damycin are active, aminoglycosides and vancomycin are not.
L. rhusiopathiae isolates are catalase-positive, gram-positive
rods and should not be mistaken for Streptococcus. Infections
caused by this organism are zoonolic, associated with exposure
{0 infected animals or their by-products. E. rhusiopathiae grows
aerobically and anaerobically (lacultative anaerobe} and
does not contain endotoxin (this is found only in gram-negative
bacterial.

MM5 276-277

54 (B) Cardiobacterium hominis. The chronic course, clini-
cal signs, and persistent bacteremia are consistent with the diag-
nosis of subacute bacterial endocarditis. The chronic, subacute
course of this infection is also consistent with the lact that the
etiologic agent. C. hominis, grows slowly in culture. This organ-
ism is part of the normal oral flora in children and adults, As the
name would suggest, this organism is almost exclusively associ-
ated with endocarditis. Disease is typically initiated in patients
with either poor oral hygiene or those who have just undergone
a dental procedure and most commonly is found in patients with
a previously damaged heart valve. The course of disease is slow,
with nonspecific symptoms developing over the period of
months, Although the organism can be recovered on commaort,
nonselective laboratory media. prolonged incubatlon is required.
Because many microbiology laboratories do not incubate blood
cultures beyond 4 or 5 days. @ specilic request for prolonged incu-
bation (7 to 10 days) should be made for each patient with
suspected subacute bacterial endocarditis. Keys for identitying
this organism include the slow growth on nonselective media;
inability to grow on MacConkey agar: and catalase-negative.
oxidase-positive. and a weakly positive indole reaction results, A.
bawmanni can be excluded because this organism will grow on
MacConkey agar. is oxidase-negative. and is a coccobacillus. C.
ochracea is oxidase-negative and is rarely associated with endo-
carditis. F. corrodens can cause subacute bacterial endocarditis
but can be excluded because it is catalase-positive. Tl. parain-

fluenzae requires V factor (NAD) for growth, so it will grow on
7 g 2

chocolate agar but not blood agar.
MM5 399

55 (C) Legionella pneumophila. This patient has atypical
pneumonia. The clinical symptoms can be caused by a group
of bacteria that include L. premophila. M. pneumoniae, and
C. pneumoniae {formerly classiied m the genus Chlamydia).
Microscopy is not useful for the diagnosis of this disease because
.. pneumophila is too thin to be easily sectt. M. pnewmaonide lacks
4 cell wall so it does not retain the stain. and C. pneumoniae lacks
a rigid peptidoglycan cell wall layer. L. pnewnophila requires L-
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cvsteine and has enhanced growth in the presence of iron. both
factors present in BCYE agar, C. prewmonice and M. pnewmoniae
will not grow on BCYE agar. K. pnewmoniae and S. pneumoniae are
both common causes of pneumonia; however, the chest radi-
ograph is inconsistent with disease caused by these organisms.
Abscess formation and production of blood-tinged sputum are
typically seen in K. pnewnoniae infections. Consolidated lung
masses (lobar pneumonia) are characteristically observed in S.
preumoniae infections.

MM5 391-395

56 (D) Metronidazole. Virtually all strains of the Bacteroides
fragilis group, and many members ol the genera Porphyromonas,
Prevotella, and Fusobacterium, produce beta-lactamases that
inactivate penicillin and carbenicillin, Approximately 20% to
30 to 10%
of Bacteroides produce a specific beta-lactamase that inactivates

ol Bactervides are resistant to clindamycin, and 3%

imipenem. At the present time, metronidazole is the only anti-
biotic that is consistently active against the anaerobic gram-
negalive rods.

MMS5 426

57 (B) Inhibition of phagosome/lysosome fusion. [Fran-
cisella tularensis is an intracellular pathogen that can survive in
macrophages of the reticuloendothelial system because the
organism inhibits phagosome/lysosome fusion. Other bacteria
that can survive because of their ability to inhibit fusion include
Legionella. Mycobacterivm tuberculosis, and Chlmmnydophila.

MM5 198-201, 386

58 (B) Corynebacterium urealyticum. C. wrealyticum is one of
the few corvnebacteria that can cause urinary tract infections.
Characteristically, this organism produces urease and is able to
lyse urea (hence its name). producing an alkaline urine. This can
then lead to the tormation of urinary tract calculi. E. faeciimn is
a gram-positive coccus, and E. coll is a gram-negative rod, so
these answers can be eliminated. C. perfringens is an anaecrobic
gram-positive rod. but is an uncommon cause of urinary tract
infections (as are all anaerobes). Lactobacilli, such as L. aci-
dophilus, are gram-positive rods that are present in the urethra
and vagina in large numbers, but when they are isolated in
urine, they commaonly represent contaminants.

MM5 283-284

59 (E) Spore formation. Formation of spores is only reported
for gram-positive bacteria. The two most clinically important
genera of bacteria that form spores are Bacillus, including B.
anthracis: the pathogen responsible for anthrax: and Clostridium,
a large genus composed of many species responsible (or a wide
range of infections including botulism, tetanus, gas gangrene,
and pseudomembraneous colitis. The cvtoplasmic membrane
and peptidoglycan layer are found in both gram-positive and
gram-negative bacteria. bndotoxin and an outer membrane are
unique to gram-negative bacteria and are not found in gram-
positive organisms.

MM5 22-23
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60 (E) Toxic shock syndrome toxin-1. Toxic shock syndrome
toxin-1 (TSST-1) was originally described as an enterotoxin
tenterotoxin F) and is still associated with diarrhea. The first
report of toxic shock syndrome was in children after injection of
a vaccine contaminated with S, awrens. In the 1980s, the syn-
drome was observed in menstruating women who had localized
infections with 8. aureus in hyperabsorbent tampons. With the
removal of the tampons from the market, most reports of toxic
shock syndrome are associated with wound infection. Charac-
teristic of toxic shock syndrome is multiorgan dystunction. skin
desguamation. shock, and death. Staphylococous aureus produces
a variety of toxins that mediate disease. Alpha-toxin is an
example of a cylotoxic toxin produced by this organism. This
toxin is an important mediator of tissue damage and is toxic for
many cells (e.g.. ervthrocytes, leukocytes, platelets), but it does
not produce the clinical pictures described here. Leukocidin is
also a cytotoxic toxin, Enterotoxin A is one of eight serologically
distinet, heat-stable enterotoxing described for S. aureus, Entero-
toxin A is the toxin most commonly associated with staphylo-
coccal food poisoning. Because this condition is mediated by
ingestion of preformed toxin, the incubation period after inges-
tion of the contaminated food is only a few hours, and the dura-
tion of condition is less than 24 h, Two exloliative toxins (A and
B} have also been described, each of which can mediate scalded
skin syndrome in babies. These are serine proteases that split the
intercellular bridges in the stratum granulosum epidermis.
Cytolysis and inflammation are not present in the involved skin,
so Gram stains and culture are not useful.

MMS5 224-226

61 (E) Host immune response to bacteria. The tissue
destruction and lesions observed in syphilis are primarily caused
by the patient's immune response to infection. Other virulence
factors. such as those listed in the answers to this question, are
important for permitiing the survival of the bacteria in their
human host, but the factors do not directly contribute to the
pathology observed in syphilis. Virulent strains of Treponema pal-
lidhiim produce hyaluronidase. which may facilitate perivascular
infiltration. Likewise, outer membrane proteins are associated
with adherence of the bacteria to the surface of host cells, and
the bacteria can be coated with host tibronectin that can protect
the spirochetes from phagocytosis.

MM5 427-428

62 (E) Immunoassay for toxins. Although C. difficile will
grow on blood agar (incubated anaerobically), the preferred
diagnostic test is detection of the bacterial enterotoxin and cyto-
toxin by an immunoassay. Presence of the toxins differentiates
colonization of an individual with the organism {as demon-
strated by culture) and disease. MacConkey agar is incubated
aerobically and is used for the recovery of organisms such as Sal-
monella and Shigella. Sorbitol/MacConkey agar is a special for-
mulation of MacConkey agar (sorbitol replaces lactose) that is
used for the detection of enterohemorrhagic Escherichia coli
(EHEC) 0157 (which does not ferment sorbitol in contrast with
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other 5 coli strains). Campylobacter species are detected by cul-
turing the specimens on sclective agar incubated in a micro-
aerophilic atmosphere,

MM5 337, 350, 411-413

63 (A) Bartonella. B. henselae and B. quintana have been
associated with febrile bacieremia, In contrast with immuno-
competent paticnts who can have an acute febrile illness. these
organisms can produce a nonspecilic febrile illness in HIV-
infected patients, Localizing signs are generally not present. and
the only way to definitively make the diagnosis is to grow the
organism in culture, The difficulty with this process is the organ-
ism grows slowly and requires an atmosphere ol carbon dioxide
enrichment and high humidity (40% or greater). The fact that
this gram-negative. curved rod grows slowly both in the blood
culture broth and on solid media and that it is associated with
negative cataluse and oxidase tests is adequalte 1o make the pre-
sumptive diagnosis of Bartonella bacteremia. All of the other
organisms listed in the answers to this question will grow rapidly,
although Prevotella is an anacrobe and requires the appropriate
anacrobic atmosphere.

MM5 397-398

64 (C) Nocardia brasiliensis. This patient has most likely

contracted mycetoma. which is a chronic. localized infection of

the subcutancous tissues that spreads into adjacent structures.
The infection is often painless, although secondary inlections
with suppurative bacteria are common. Specimens must be col-
lected for microscopy and culture because a variety ol bacteria
and lungi can cause this disease. N, brasiliensis is the most
commuon cause ol this discase in the Americas. N, brasiliensis is
a relatively slow-growing bacterium and generally requires 3 to
5 days of incubation before good growth is obtained. One char-
acleristic of N. hrasiliensis colonies is they produce aerial hyphae,
the lilamentous projections seen in the figure shown here. A.
israelii can produce subcutaneous inlections but requires anaer-
obic incubation lor growth. S, schenckii produces subcutaneous
lesions. but these typically follow the lvmphatics and are not
localized to the foot. M. avium and V. valnificus do not produce a

condition such as this patient’s,
MM5 291-292
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65 (C) Inhibition of opsonization mediated by protein A.
Protein A is a surface protein present in most strains ol S. aureus.
The protein has an allinity for binding to the Fe receptor of
immunoglobulins 1gG,, 126G, and IgG,. This effectively prevents
antibody-mediated immune clearance ol the bacteria. Extracel-
lular protein A can also bind antibodies, thereby forming
immune complexes with the subsequent consumption  of
complement,

MMS5 198-201, 223

66 (E) Soft cheese. L. monocytogenes can be isolated from
soil. water, vegetation. and the intestinal contents ol a variety of
animals. Fecal carriage in healthy individuals is low, probably
less than 5%, Most infections with L. mmonocytogenes have been
associated with consumption of contaminated milk, soft cheese,
undercooked meats, raw vegetables, and cabbage, Because 1.
monacytogenes can grow at 4°C. listeriae can mulliply to large
numbers in contaminated foods stored in the relrigerator for a
prolonged period.

MM5 273-276

67 (E) Stimulates release of proinflammatory cytokines.
The lethal toxin produced by B. anthracis consists of two protein
subunits: protective antigen (PA) and lethal factor (LF). PA is
responsible for binding to receptors on the surface of host cells.
After binding 1o the surlace receptors, PA is cleaved and the
63-kDa lragment remains on the cell surface. The surlace rag-
ments scll-associate. forming a ring complex ol seven fragments
that both bind LF and act as a pore lor entry of LI into the cell,
LF is @ inc metalloprotease that cleaves MAP kinase kinases.
leading to release ol prointlammatory cvtokines.

MMS5 198-201, 265-266

68 (A) Chlamydophila (Chlamydia) pneumoniae. C. pneu-
moniae is an obligate intracellular bacterium that grows in cell
cultures such as Hep-2 cells, Infections caused by this organism
can also be detected by serologic tests. None of the other bacte-
ria listed in this question can grow in monolayered cells. K. pneu-
moniae and 8. pnewmoniae grow on media used for routine
sputum and blood cultures: L. prewmophila requires specialized
media supplemented with iron and L-cysteine (e.g.. BCYE agar).
MM5 470

69 (B) Clostridium. Clostridium produces spores that allow
it to survive in its environment, The other anacrobes in the
answers (o the question are unable to survive exposure to oxvgen
and are associated with endogenous infections.

MM5 401

70 (C) Doxycycline. This man has an infection with Brucella,
probably B. melitensis that is associated with goats (hence the
name). Brucella is an organism that has a predilection for infect-
ing organs rich in erythritol, o sugar metabolized by many Bru-
cella. Animal tissues that are rich in erythritol include breast.
uterus, placenta, and epididyimis. Human discase primarily
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results from consumption of contaminated unpasteurized
milk and other dairy products. The drug of choice for treating
this infection is doxycycline. If a pregnant woman is in-
fected, then trimethoprim/sulfamethoxazole is an acceptable
alternative,
MMS5 383-386

71 (B) Corynebacterium jeikeium. C, jeikeium is an oppor-
tunistic pathogen, causing infections in immunocompromised
patients, patients receiving broad spectrum antibiotics. or
patients with intravenous catheters. The organism colonizes the
skin surlace and then gains access to the blood through the com-
promised skin surface (e.g.. at the insertion site of the catheter).
Treatment of infections caused by C. jeikeium is complicated
because the organism is gencrally resistant to most antibiotics
except vancomycin. A. haemolyticunt is a “coryneform-shaped”
organism that is catalase-negative and susceptible to most
antibiotics. L. casei is generally resistant Lo vancomycin: L. nono-
cytogenes is generally susceptible (o most antibiotics; and P. acnes
is an anaerobe that is generally susceptible to most antibiotics.
MM5 283-284

72 (O A syphilic patient’s immune response may lead to
tissue damage. T, pallidum does not produce any significant vir-
ulence factors: rather. it produces pathology by stimulating the
patient’s immune system. The other answers to this question are
incorrect because bacteria are extremely thin (0.1 to 0.2 um);
bacteria fail to grow in culture; early but not late syphilis is char-
acterized by ulcers and rash; and penicillin is uniformly active.
MMS5 427-430

73 (O) Sinus aspirate. Because the organisms responsible for
sinusitis originate from a complex mixture of bacieria in the
nasopharynx, cultures of specimens from the nasopharynx,
throat, and lungs would not be helpful. The only reliable speci-
men would be a direct aspirate [rom the involved sinus. Because
this is uncommenly done. except al the time of surgical drainage
of the sinuses, most infections are treated empirically. Blood cul-
tures would rarely be positive.

MM5 214

74 (E) 20 ml. The success of a blood culture is directly related

to the volume of blood that is cultured. Because the majority of

patients with clinical sepsis have an organism count of less than
1/ml of blood. the incidence of positive blood cultures increases
as the volume of blood that is cultured is increased. Tt is recom-
mended that approximately 20 ml of blood should be collected
from an adult for each blood culture. Proportionally smaller
volumes should be collected from children and neonates.

MM5 213-216

75 (C) Rickettsia prowazekii, R. prowazekii is the etiologic
agent of epidemic typhus or louse-borne typhus. In contrast
with other rickettsial infections, typhus primarily affects

T
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humans. Inlections are spread in crowded, unclean conditions.
Recrudescent disease (Brill-Zinsser disease) with this organism
can oceur years after the initial exposure. C. burnetii inflections
(Q fever) are primarily spread by the airborne route, although
ticks can be an uncommon vector. E. chaffeensis (chrlichiosis)
and R. rickettsii (Rocky Mountain spotted fever) are spread by
ticks. whereas R. typhi (murine typhus) is spread by fleas.

MMS5 453-454

76 (D) Only one serotype has been identified. A single
serotype has been identified for C. pneumoniae. This bacterium is
a human pathogen. with no recognized animal reservoir. Inlec-
tions are spread by the respiratory route, with mild infections
believed to occur commonly. Most infections are either asympto-
matic or present as a mild respiratory disease. More severe infec-
lions present as atypical pneumonia, and C. pnewmoniae has
been associated with atherosclerosis. In contrast with Chlamydia
trachomatis, C. pnewmoniae does not have plasmid DNA and is
resistant to sulfonamides. Macrolides. tetracyelines. and fluoro-
quinelones are active against C. pnewmoniae. Moreover, C. pneu-
moniae inclusions in infected tissue culture cells do not coniain
glveogen. so iodine staining cannot be used as a rapid diagnos-
tic tool,

MM5 470

77 (C) Interferes with protein synthesis. The discase pro-
duced by C. diphtheriae is mediated by a two-component (A-B)
exotoxin that inhibits protein synthesis. The gene for this toxin,
tox gene, is introduced into strains of C. diphtheriae by a lysogenic
bacteriophage (beta-phage). The receptor [or the toxin is the
heparin-binding epidermal growth factor, which is present on
the surface of many eukaryotic cells, particularly heart and
nerve cells. [ts presence on these cells explains the cardiac and
neurologic symptoms observed in patients with severe diphthe-
ria. Alter the toxin is transported into the cell, it terminates
protein synthesis by inactivating elongation factor-2 (EF-2).
MM5 279-283

78 (B) Enterococcus faecalis. Organisms responsible for
peritonitis have demonstrated an ability 1o produce disease in the
intestinal tract (i.e., they have specific, relevant virulence
factors). Even though hundreds of different species of bacteria
are present in the intestines, relatively lew produce peritonitis.
Enterococcus organisms, both E. faecalis and E. faecium. can cause
peritonitis, The Gram stain result for the patient is consistent
with this organism, Two additional organisms that commonly
cause peritonitis are Escherichia coli (which is treated effectively
by ceftazidime) and Bacteroides fragilis (which is treated by
metronidazole). Yeasts such as C. albicans could also be respon-
sible for infection in this setting; however, the organism would
not grow anacrobically. P anaerobius is associated with poly-
microbic abdominal infections, but this organism would not
grow acrobically. Streptococct and staphylococci are uncommen
causes of peritonitis in this setting,

MM5 259-262
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79 (O Clostridium, Clostridia. particularly C. perfringens and
C. septicum, are associated with soft tissue infections including
cellulitis, fasciitis, and myonecrosis (gas gangrene). Gas gan-
grene is not associated with the other organisms listed in the
answers 1o this question,

MM5 404-406, 413

80 (D) Mycobacterium kansasii, As with many bacteria,
lungi. and parasites. the initial key for the specilic identification
of an organism is based on (he appearance of the organism.
Specilically. many bacteria have characteristic microscopic and
macroscopic morphologies. These key characteristics can be
quite uselul for an accurate, preliminary identification of the
organism and can provide information that can guide the maj-
agement of a patient, Pigmcnl—pmduc:ing organisms can be sep-
arated into those that produce pigments only afier exposure to
light {photochromogens) and those that produce pigments in
light or dark (scotoc hromogens). In the case of mycobacteria, M.
kansasii and M. marinum are clinically important photochro-
mogens. and most scotochromogens are clinically insignificant.
M. tuberculosis is nonpigmented (e.g.. referred to as “bulff-
colored™). Thus, if a pigmented organism is isolated. it cannot be
M. tuberculosis. M. avium is also nonpigmented or will have a
faint vellow color, M. fortuition and M. | wemophilum are also non-
pigmented. These organisms can be separated by other growth
characteristics: M. avin grows slowly, whereas M. Jortuitum
grows rapidly: M. haemophilum grows only at cool temperatures
and on media supplemented with iron products,

MM5 297-298

81 (E) Streptococcus. At the present lime, all isolates
ol Streptococcus are susceptible 1o vancomycin, Reports of
vancomycin-resistant streptococel were the result of in correctly
identified bacteria in the genera Enterococcus. Leuconostoc, and
Pediococeus, All gram-negative bacteria (e.g., Escherichia) are
resistant to vancomyein.

MM5 247, 250, 252, 256-257, 262
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82 (D) Strict anaerobic gram-negative rod: Bacteroides, ()f
the bacteria listed in this queslion, Bacteroides, Peptostreptococeus,
and Clostridium are strict anaerobes. Bacteroides is a gram-
negative rod: Peptostreptococens is g gram-positive coccus: and
Clostridiumisa s pore-lorming, gram-positive rod, Enterococeus is
a facultative anaerobe ( grows aerobically and anaerobically),
and Chlamydia is a strict aerobic organism.,

MM5 421

83 (B) Coagulase. The most likely organism responsible
for wound infections that develop immediately afler surgery is
Staphyflococcus aurens. Tf (he infection has a delayed onsct
{developing weeks to months after the surgery), then the less vir-
ulent staphylococcal species that colonizes the skin would be
considered important. Coagulase is an important virulent factor
for S aurens, responsible for converting fibrinogen to fibrin that
van interfere with the removal of (he organism by phagocytic
cells, The presence of coagulase is the primary enzymatic marker
that separates S. qureus from other staphylococei | coagulase-
negative staphylococei). All staphylococei produce catalase, so
this enzyme is not a usefyl diagnostic marker for S, aurens. Endo-
toxin is produced only by gram-negative rods, which are rela-
tively uncommon causes of postsurgical wound infections,
Exotoxin A is produced by the gram-negative rod. Pseudomonas
aeruginosa. Lecithinase is produced by a variety of bacteria,
including  Closiridiym perfringens. This organism can cause
serious postsurgical wound infection and is beta-hemolytic on
blood agar; however, C. perfringens is an anaerobe and fails to
grow in an aerobic atmosphere.

MMS5 221-234

84 (E) Urease. The most common cause of gastritis in
patients who are not using nonsteroidal anti-inflammatory
drugs is Helicobacter pylori. An important virulence factor for this
organism is urease. H. pylori produces high concentrations of
urease and is able to convert the urea to alkaline byv-products,
thus neutralizing the stomach acids, This lact has been exploited
in diagnostic tests that measure either urcase or the by-products,
The other toxins listed in the question (cytotoxin produced by
Clostridium difficile. emetic enterotoxin produced by Bacillus
cereus, and endotoxin produced by gram-negative rods) and
coagulase produced by Staphylococeus aurens do not have a role
in gastritis,

MM5 351-354

85 (D) Lysis of phagosome and replication in cytoplasm. s,
sonnei is capable of invading and replicating in cells lining the
colonic mucosa and m acrophages. The bacteria secrete 4 class of
proteins (IpaA. IpaB, IpaC. and IpaD) that induce membrane
ruffling on the host cell leading to phagocytosis of the bacteria.

8. sonnei then lyses the phagoeytic vacuole and initiates replica-
tion in the host cell cyvtoplasm,
MM5 198-201, 332-333
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gram-negative rods, dppearing
monly) as pairs of bacteria

S0

humans grow at 42°C in an atmosphere of 3%, 0, 10% CO,.
members of the family Enterobacteriaceae and have all been
associated with gastroenteritis. The Enlerobacteriaceac typically
appear as gram-negative rods with bipolar siaining (i.e.. they
Stain most intensely at their ends). All of the Enterobacteriaceae
grow on MacConkey agar and have no special
requirements.

MMS5 337, 347-351

growth

87 (Q) Legionelia pneumophila. The BCYE agar was devel-
oped for the isolation of Legionella, Although other organisms
“an grow on this medium | e.g.. Nocardia),
would selectively grow on this medium. All of the organisms
Bsted in the answers Can cause prneumonia, particularly in a
patient with compromised pulmonary function. K, prewmoniae
snd S pnewmoniae, however, would readily grow in the bacterial
sultures and be seen on the Gram stain. C. preumoniae requires
#sowth in special cell cultures, and M. preumoniae would not
S50 on routine bacterial media, including BCYE agar,

S 391395

only L. pneionophila

b (B) Azith romycin. Mycoplasma species are u nique among
1a because they do not have a cell wall and because their
membrane contains sterols. The absence of the cell wall
=5 Mycoplasma organisms resistant to antibiotics that
s with synthesis of the cell wall, such as penicillins le.g.,
SSn-sulbactam. penicillin), cephalosporins, carbapenems
Spenem ), and vancomycin. Azithromyein is a macrolide

that inhibits bacterial growth by disrupting protein

886-547

86 (A) Campylobacter, Campylobacter organisms are curved
as a single cell or (more com-
arranged in an S shape. The most
common Campylobacter species that cause gastroenterilis in

and 83% N,. Escherichia, Salmonella, Shigella, and Yersinia are
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89 (B) Serogroup B. Vaccines for N. meningitidis are directed
against the capsular polysaccharides. Most, with the excep
of serogroup B, have proved to be effective antigens.
MM5 319-320

90 (A) Arcanobacterium haemolyticum. A. haemolyticin is o
gram-positive rod that was formerly classified as Corypnehy
terium species. This organism has been implicated in o,
infections, abscess formation, septicemia, and endocarditis, The
mosl common presentation,

however, is ph aryngitis with «
scarlet fever-like rash, The organism grows slowly and is weuk
hemolytic on sheep blood agar, Better hemolysis is seen o medi
with human or rabbit blood, but these media are not conm inly
used in clinical laboratories, Thus,

most infections are likely
to be misdiagnosed as culture-negative  scarlet fever
haemolyticum is susceptible to penicillin and erythromycin, drugs
commonly used to treat §. pifogenes infections. C. diphtheri
can produce a sore throat with fever and headaches but docs
not cause an erythematous rash. [, monocytogenes is a heti-
hemolytic, gram-positive rod but is not associated with
pharyngitis and a rash, S, aureus and S. dysgalactiae are gram
positive cocct, S. aureus can cause a retropharyngeal abscess but
is not associated with pharyngitis. §. dysgalactine can causc
pharyngitis. but a rash is not typical with this infection,

MM5 284

91 (O) Infection is associated with consumption of soft
cheeses and undercooked meats, The organism responsible {or
this infection is Listerig Monocytogenes. Pregnant women in their
last trimester are particularly susceptible to infections with this
organism. Although the bacteremia can be self-limiting, prompi
treatment is indicated (o spare the fetus, L. monacytogenes is an
intracellular pathogen that grows primarily in macrophages,
Once the bacteria enter the cell, the phagalysosome is [vsed, and
the organism grows in the cell cytosol. Release of the bacteria
from the cell is typically by cell-to-cell contact. so free bacteria
are not common in the extracellular spaces. Thus,
immunity rather than humoral Immunity is important for
control of inlection. Food products that are the source of infec-
tions include meats fe.g.. turkey franks. cold cuts), solt cheeses.
and raw vegetables. The organism is able to grow at refrigerator
temperatures and in g wide range of pH. so contaminated foods
stored in the refrigerator for a prolonged period are a common
source ol infection,

MMS5 274275

cellular

92 (A) Blocks release of acetylcholine. C. botulinum toxins
are A-B toxins. The B subunit binds to specific sialic acid recep-
tors and glycoproteins on the surface of molor neurons and stim-
ulates endocytosis of the toxin molecule, Botulinum tovin
remains at the neuromuscular junction. With acidification of
the endosome. the A subunit is transported into the cytosol. The
A subunit has endopeptidase activity that inactivates 1he pro-
teins that regulate release of acetylcholine. This release in 1urn
blocks neurotransmission at peripheral cholinergic syna pses.
MMS5 409
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93 (B) Clostridium perfringens. Massive hemolysis is a rare
but well-recognized complication of a C. perfringens inlection,
which this patient acquired. It is surprising that this complication
is not seen more commonly, in light of the variety of hemolytic
toxins that are produced by this organism. The most important
toxin is alpha toxin. a lecithinase that lyses erythrocytes,
platelets. leukocytes. and endothelial cells. This toxin can produce
enhanced vascular permeability and result in massive hemolysis
and bleeding, Although the other organisms listed in the answers
to this question produce hemolytic toxins, none have been asso-
ciated with the massive hemolysis seen in this patient,

MM5 402-406

94 (D) Giemsa stain of blood. Demonstrating the organisms
in peripheral blood using the Giemsa stain enables the diagnosis
of relapsing fever, The organism responsible for epidemic relaps-
ing fever, Borrelia recurrentis, is present during the febrile period
but not the days between levers. Relatively few organisms may
be present: therefore care must be used to examine the blood
smears (both thick and thin smears should be prepared), and
multiple blood specimens may need to be examined. B, recurren-
tis has been grown in specialized blood culiures but this is an
insensitive, slow technique and is not performed in clinical labo-
ratories. Enzyme immunoassays have not been developed for the
diagnosis of relapsing fever. Proteus OXK agglutinin titers are
elevaled in a patient with a relapsing lever, but this assay is
insensitive and nonspecific.

MM5 437-438

95 (B) Clostridium difficile cytotoxin. White plaques of
fibrin, mucus, and inflammatory cells overlying the normal
interstinal mucosa are characteristic of the more advanced form
of C. difficile disease: pseudomembraneous colitis. The enteric
toxins of B. cereus and S, aureus produce a disease characterized
by rapid onset, explosive diarrhea, and vomiting. These two dis-
eases are intoxications caused by ingestion of the toxin, Thus.
the onset is within 4 to 6 h after ingestion of the toxin, and the
duration is generally 24 h or less. E. coli verotoxin and Shigella
dysenteriae toxin are responsible for the hemorrhagic colitis pro-
duced by these organisms. Neither disease, however. would
present with plaques over the colonic mucosa.

MM5 411-413

96 (D) Shigella dysenteriae. S. dysenteriae produces an exo-
toxin. Shiga toxin. This toxin disrupts protein synthesis in the
intestinal epithelium and can mediate damage to the glomeru-
lar endothelial cells. resulting in renal failure. This complication
has also been reported with enterohemorrhagic Escherichia cofi.
[n contrast, the complication is not observed with the other
enteric pathogens listed in this question (B. cereus, C. difficile, S.
enterica, and Y. enterocolitica).

MMS5 328-330, 332-333

97 (D) Serologic detection of specific antibodies. Most clin-
ical infections are confirmed using serology (i.e., indirect hemag-
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glutination test, enzyme-linked immunosorbent assay, micro-
scopic agglutination test). Serologic tests are both sensitive and
specific, with detectable antibodies developing in the second
week of illness (although some patients may not mount a sero-
logic response for weeks into the illness). Use of microscopic
stains (e.g.. Gram, Giemsa) is not useful because the bacteria are
too thin to be seen with the Brightfield microscope. Cultures of
blood and cercbrospinal fluid can be positive during the first
week of clinical illness; however., special selective media (e.g..
Fletcher, Tween 80-albumin broths) must be inoculated and held
for up to 4 weeks. Culture of urine can be positive afier the first
week, and the bacteria can persist for weeks in this specimen.
This culture is also insensitive and time-consuming. PCR ampli-
fication is potentially a useful test although rarely used.

MM5 440-441

98 (B) Corynebacterium jeikeium. C. jeikeim is a well-
recognized opportunistic pathogen in immunocompromised
patients, particularly those with hematologic disorders. Predis-
posing conditions for infection with this organism include pro-
longed hospitalization. granulocylopentia, prior or concurrent
antimicrobial therapy. and the presence of intravenous catheters
(all conditions present in this patient). C. diphtheriae is the cause
of diphtheria: C. macginleyi is an uncommon cause of eye infec-
tions: C. pseudotuberculosis is associated with lymphadenitis.
ulcerative lymphangitis. and abscess [ormation: and C. ulcerans
can also cause respiratory diphtheria.

MM5 283-284
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99 (D) Mycobacterium tuberculosis. A live vaccine with
attenuated M, bovis (bacille Calmette-Guérin [BCG]) is com-
monly used in countries where tuberculosis is endemic and is
responsible lor significant morbidity and mortality. The Borde-
tella pertussis vaccine is an acellular vaccine containing the inac-
tivated pertussin toxin and one or more other bacterial
components (c.g., lilamentous hemagglutinin, pertactin. fim-
briae). Inactivated whole cell vaccines and partially purified
antigen vaccines have been used for Coxiella infections (Q fever
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The antigen in the H. influenzae vaccine is the purified capsular
polyribitol phosphate (PRP) of H. influenzae scrotype B. The
vaccine for S. pneumoniae uses a mixture of purified capsular
antigens conjugated to proteins.

MM5 162-163, 309

100 (E) Yersinia enterocolitica. Y. enterocolitica is a relatively
uncommon enteric pathogen in the United States, bul it is seen
more commonly in colder areas of the United States and other
countries, It grows preferentially at cooler temperatures where it
is more active metabolically. This feature has been exploited in
the laboratory where stool specimens can be mixed in a nutrient
broth and stored in the refrigerator. Most other bacteria will die
at this temperature. whereas Y. enierocolitica is able to replicate.
This selective culture method is called cold enrichment.
Another bacterium with this property is Listeria monocytogenes.
The other enteric pathogens listed in the answers to this ques-
tion do not grow at cold temperatures. For example, C. jejuni pref-
erentially grows at 42°C—another form of selective isolation ol
a bacterium by temperature.

MM5 334-335

101 (C) Culture on sorbitol/MacConkey agar. E. coli 0157
will grow on MacConkey agar but cannot be differentiated [rom
the many other strains of £, coli that are present in the intestines.
Most strains of E. cali 0157 do not ferment sorbitol (in contrast
with other strains of E. coli). so a sorbitol/MacConkey agar is a
common medium used for the detection of this organism. Most
enteric bacteria grow on blood agar, so I coli 0157 would be
overgrown with the normal intestinal bacterial flora. The impor-
tant virulence factors produced by this organism are Shiga toxin
and Shiga-like toxin (formerly known as verotoxins because they
cause a cvtopathic eftect in the Vero cell line). These toxins can
be detected by immunoassays: however, performing an
immunoassay for A and B toxins is not the correct test because
these toxins are found in Clostriditm difficile. not E. coli 0157,
Campiflobacter, not E. coli, is cultured on selective agar incubated
in a microacrophilic atmosphere.

MMS5 337-338, 350, 411-413

102 (D) Lysis of phagosome and replication in cytoplasm.
L. monocytogenes is a facultative intracellular pathogen that can
arow in macrophages and epithelial cells. Following penetration
into the cells. the acid pH of the phagolysosome activales a
bacterial exotoxin (listeriolysin O) and two phospholipase C
enzymes. The activitics of this toxin and two enzymes lead to
lysis of the phagolysosome and release of the bacteria into the
cell eytosol.

MM5 198-201, 273-274

103 (B) Detection of specific antibodies. Although C. bur-
netii can be grown in vitro, this is rarely performed. The bacteria
do not grow on blood agar. Likewise. the bacteria stain poorly
with the Gram stain. so this would be an unreliable test. The most
commonly used test for documenting C. burnetii infections,
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particularly in chronic disease such as endocarditis, is the sero-
logical detection of specilic antibodies directed against the bac-
terial LPS antigen. C. burnetii undergoes a phase variation in
expressing the cell wall LPS antigen. Two phases of this antigen
are typically expressed (phase [ and phase IT antigens). Phase |
antigens are weakly immunogenic; therelore the antibody
response in acute discase is typically directed against the phase
Il antigen. In chronic discase. antibodies against both antigens
are detected, the phase | antibodies typically at a higher level.
These antibodies may also contribute to the pathology of C. bur-
netii disease (Q fever) because high antibody levels lead io the for-
mation of immune complexes that have been implicated in some
of the observed pathology. Although cellular immunity is impor-
tant in clinical recovery, a skin test documenting human disease
is not available. Likewise. antigen detection tests have not been
developed.

MMS5 460-462

104 (D) L-pyrrolidonyl-arylamidase (PYR) test. The PYR
test is a rapid identification test for enterococci. The other impor-
tant gram-positive coccus that is PYR-positive is Streptococeus
pyogenes (group A Streptococcus). The PYR test, in combination
with the Gram stain and a few other simple, rapid tests, can also
be used to identify the enterococei. Bile solubility is used to iden-
tify Streptococcus pnewmoniae; coagulase to identify Staphylococ-
cus aurens; germ tube formation to identily Candida albicans; and
bacitracin susceptibility to identify Streptococcus pyogenes,

MM5 246-247

105 (D) Lyme disease. Lyme disease is the most common
vector-borne disease in the United States, with 15,000 to 20,000
cases of disease reported cach year and many more infections
undiagnosed or reported. Ticks are the vector responsible for this
disease. Infections from Babesia microti, the ctiologic agent of
babesiosis, and Ehrlichia, the agent of ehrlichiosis. are transmit-
ted by ticks. Yersinia pestis, the agent responsible for plague. is
transmitted by fleas. None ol these diseases is as common as
Lyme disease. Legionnaire's disease, caused by Legionella. is not
vector-borne.

MMS 435-437

106 (D) Group B Streptococcus agalactige. The bacteria
associated with meningitis in newborns are S. agalactiae and
Escherichia coli, H. influenzae was al one time a common cause
of meningitis in children ages 3 months to 5 years; however,
immunization ol infants has essentially eliminated this disease
in developed countries. N, meningitidis and S. preumoniae are
common causes of bacterial meningitis but in older children and
adults. S. enteritidis is an uncommon cause of meningitis and
does cause disseminated disease in children.

MM5 474, 484

107 (A) Endothelial cells. After transmission ol Rickettsia

rickettsii from an infected tick to a human host, the Rickettsia
organisms mulliply in the endothelial cells at the site of the bite.
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Subsequent cycles of replication lead to further endothelial cell
damage. as well as damage to the vascular smooth muscle cells.
The primary clinical manifestations of’ Rocky Mountain spatted
lever are caused by vascular leakage with resulting hypovolemia
and hypoproteinemia caused by reduced perlusion of various
organs and the loss of plasma into tissues, The characteristic
rash is caused by dilation of small blood vessels at the site of rick-
clsial replication. Pulmonary symptoms result from damage to
the pulmonary vascular system with resulting leakage of fluid
into the interstitial tissue. pneumonitis, and pulmonary edema.
Encephalitis can result from damage to the vascular system of
the brain.

MM5 449-451

108 (C) Salmonella typhi. MacConkey agar is a selective, dil-
lerential agar. Only gram-negative rods grow on this agar, and if
the organism ferments lactose. pink-purple colonies will be seen.
Nonlactose-fermenting organisms will form colorless colonies on
this agar. E. coli 0157 and Y. enterocolitica will be pink on this
agar Y. enterocolitica is a slow fermenter of lactose). S, cholerae-
suis. S. typhi, and S. sennei will form colorless colonies on
MacConkey agar and red colonies on XLD agar: E. ¢oli will be
vellow on XLD, and Y. enterocolitica will not grow on this
medium. Both Salmonella species will have an alkaline over acid
reaction with hydrogen sulfide production on TSL: 8. sonnei does
not produce hydrogen sulfide. In contrast with S, choleraesuis, S.
typhi produces minute quantities of hydrogen sullide. S. choler-
aesuis produces gas on TSI whereas S. typhi does not. The
appearance of the TSI agar slanl is very characteristic of 8. typhi.
If this is observed, agglutination tests with the organism should
be performed to demonstrate the presence of the somatic group
D antigen and the heat-labile capsular Vi antigen (definitive tests
for S, typhi).

MM5 337

109 (E) Initiates premature release of peptide chains from
ribosome. Quinupristin-dalfopristin is a member of the strep-
togramin class of antibiotics. Daltopristin binds to the 508 ribo-
somal subunit and induces a conformational change that

facilitates binding of quinupristin. Dalfopristin prevents peptide
chain elongation, and quinupristin initiates premature release of
peptide chains from the ribosome.

MMS5 210

110 (C) The organism does not have a capsule. Bacteria
that are part of the normal nasopharyngeal flora cause most
sinus infections: these bacteria include Haemophilus influenzae,
Streptococcus pneumoniae. Moraxella catarrhalis, and Staphylococ-
cus aureus, The most common H. influenzae strains in the
nasopharynx and associated with sinusitis are nontypeable
strains. That is. the bacteria do not have a capsule or. if a capsule
is present. do not have PRP in the capsule. This fact is important
because the agglutination tests used to detect H. influenzae will
only detect H. influenzae type B. which is the only strain that has
PRP in the capsule.

MMS5 369-372

111  (A) Binds to globotriaosylceramide (Gbs) receptors.
The patient is infected with Escherichia coli 0157 and has the
complication of HUS. E. ¢oli 0157 produces Shiga and Shiga-like
toxins. These toxins bind Lo Gb; surface receptors and are trans-
ported into the specific cells, The receptors are on a number of
cells but most commonly in the intestinal epithelium and the
renal endothelium. Internalization of the toxin leads to termi-
natlon ol protein synthesis and cell death. Clostridium difficile
produces two toxins: (il an enterotoxin that is chemotactic for
neutrophils (as described in answer B) and responsible for the
hemorrhagic necrosis characteristic of C. difficile pseudomem-
branous colitis and (i) a cytotoxin that produces actin depoly-
merization (as described in answer D), Shigella and other bacteria
are able to introduce bacterial proteins into host cells via a type
[Tl secretion system (as described in answer C). In the example of
Shigella, four proteins are transferred into epithelial cells and
macrophages, which induce membrane rearrangements and
phagocytosis of the bacteria. In their intracellular location, the
bacteria are able to proliferate. Toxigenic E. coli and other enteric
pathogens produce toxins that stimulate an increase in cAMP
levels with resulting hypersccretion of fluid {as described in
answer [2).

MM5 329-330, 332-333

112 (C) Measurement of antistreptolysin O (ASO) antibod-
ies. Rheumatic fever is an immunologically based reaction to
Streptococcus pyogenes infection of the pharynx. Antibodies
develop 3 to 4 wecks alter the initial infection. An elevated
ASQ titer is observed in patients with a pharyngeal infection.
Two forms of streptokinase are produced by S. pyogenes, but
these do not appear to be sensitive or specific markers for rheu-
matic lever. Because this disease is an immunologic reaction to
strains producing pharyngitis. culture of blood and synovial
fluid and the microscopic examination of skin nodules are not
helpiul.

MM5 247
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113 (D) Neisseria meningitidis. Although N, gonorrhoeae is
the most common species responsible for urethritis, which is this
man's condition, the growth properties and biochemical test
results are inconsistent with this organism. N. gonorrhoeae does
not produce acid in maltose and does not grow on blood agar or
nutrient agar. In contrast, N, meningitidis can grow on nutrient
agar (not all strains) and produces acid in both glucose and
maltose. N. lactamica can grow on Thayer-Mariin medium as
well as nutrient agar and produces acid in glucose and maltose
but also in lactose. N. sicca does not grow on Thayer-Martin
medium and produces acid in glucose and maltose as well as in
sucrose. M. catarrhalis does not grow on Thayer-Martin agar and
does not produce acid in any of the listed sugars.

MMS5 316-317

114 (E) Stenotrophomonas maltophilia. S. maltophilia is a
ubiquitous environmental organism that is isolated with
increasing [requency as a source of hospital-acquired pul-
monary inlections. The organism is resistant to many antibiotics,
which pose treatment problems. The typical setting for infections
with this organism is as described in this case—a patient with a
prolonged hospitalization who has received a variety of broad-
spectrum antibiotics. The morphology of the organism and the
biochemical properties separate S. maltophilia trom the other
organisms listed in the answers to this question. A. baumannii is
typically susceptible to imipenem (although resistance has been
described); B. pseudomallei is oxidase positive; L. pneumophile has
specialized growth requirements and would not grow on blood
agar or MacConkey agar; and P aeruginosa is resistant io
trimethoprim/sulfamethoxazole and has a fluorescent green
color and sweet [ruity odor.

MM5 364

115 (B) Endocarditis of a prosthetic heart valve. The
coagulase-negative staphylococel are associated with infections
localized on foreign bodies, such as catheters, shunts, and pros-
thetic valves and joints. The bacteria are able to adhere to the
surface of the synthetic materials by production of a slime layer.
This layer in turn protects the bacteria from phagocylosis and
the effects of antibiotics. A brain abscess is typically caused by a
polymicrobic infection of aerobic and anaerobic bacteria.
Intraabdominal infections or abscesses are most commonly
caused by Bacteroides fragilis, whereas osteomyelitis and wound
infections are most commonly the resull of Staphylococcus
avreus.

MM5 233

116 (E) Vancomycin. This woman's infection is caused by
Staphyloceccus, with 8. aureus being the most likely organism
because the infection develops shortly after the surgery. Oxacillin
resistance in staphylococei develops as a result of acquisition of
the mecA gene that codes for a novel penicillin-binding protein,
PBP2’. Oxacillin interferes with bacterial cell wall synthesis by
binding to enzymes (i.c.. penicillin-binding proteins, PBPs) that
catalyze construction ol the cell wall peptidoglycan layer, PBP2’

retains its enzyvmatic activity but is not bound and inactivated by
oxacillin or other beta-lactam antibiotics. Thus production
of PBP2’ renders the organism resistant to all beta-lactam
antibiotics. Only vancomycin would be active against this
organism.

MM5 234-235

117 (A) Acetylation of an antibiotic. Chloramphenicol is a
bacteriostatic antibiotic that binds reversibly to the peptidyl-
transferase component of the 508 ribosomal subunit, thus
blocking peptide elongation. Resistance to chloramphenicol is
observed in bacteria producing plasmid-encoded chlorampheni-
col acetyltransferase, which calalyzes the acetylation of the 3-
hvdroxy group of chloramphenicol. The resulting antibiotic
maolecule is unable to bind to the 508 subunit.

MM5 210

118 (CQ) Campylobacter jejuni. The Guillain-Barré syndrome
is an autoimmune disorder of the peripheral nervous system
characterized by the development of symmetrical weakness over
a period of several days and recovery requiring weeks to months.
It is believed thal antibodies directed against Campylobacter
oligosaccharides cross-react with glycosphingolipids present on
the surface of neural tissues.

MM5 347-349

119 (D) Rice. The mosi commonly implicated source of
infection with B, cereus is contaminated rice. Bacillus spores con-
taminate rice. When the rice is cooked. the spores are stimulated
to germinate, IT the rice is lefl in @ warmer, the spores can release
an enterotoxin, Reheating the rice will not destroy the preformed
toxin even though the bacteria may be killed. Hence, diagnosis
ol B. cereus food poisoning is based on clinical and epidemiologic
evidence rather than on laboratory tests such as stool cultures.
MM5 369-370

120 (B) Elastase. This palient has an infection with
Pseudomonas aeruginosa. The lesions described are characteristic
of ecthyma gangrenosum. Although P aeruginosa produces a
variety of toxins and other virulence factors, two elastases are
thought to be responsible for the skin lesions: LasA, a serine pro-
tease, and LasB. a zinc metalloprotease, They act synergistically
to degrade elastin, resulting in damage to elastin-containing
tissues. The enzymes also degrade complement components and
inhibii neutrophil chemotaxis and [unction. leading to further
spread and tissue damage. Alkaline protease produces localized
tissuce damage; endotoxin mediates the various biologic effects of
the sepsis syndrome; exotoxin A inhibits host cell protein syn-
thesis; and pyocyanin mediates tissue damage through produc-
tion of toxic oxygen radicals.

MMS5 357-360

121 (D) Nocardia asteroides. Nocardia organisms are slow-
growing, [lamentous gram-positive rods. Although Nocardia
can resemble Actinomyces on Gram stain, N, asteroides is differ-
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entiated from A. israelii by the ability of N. asteroides to grow
aerobically and stain with the acid-fast stain. Nocardia is not fas-
tidious and can grow on a variely of media. including BCYE
(developed for Legionella), Sabouraud dextrose agar (used for
fungi), and Lowenstein-Jensen agar (used for mycobacteria). L.
micdadei is acid-fast when the clinical specimen is stained but
loses this property when grown in culture. L. micdadei species can
grow on BCYE agar but not on the other media listed in this ques-
tion. M. chelonae is acid-fast and will grow on most media, but it
is not filamentous and has not been associated with the clinical
picture described here. R. equi will stain weakly with acid-fast
stains and can grow on all the media listed, but it is also not fil-
amentous. When R. equi is observed in young cultures, it will
appear rod-like; however, in older cultures the organism will

appear coccoid.
MMS5 287-292
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122 (E) Transpeptidases. The beta-lactam antibiotics func-
tion by binding to the enzymes responsible for construction of

the peptidoglycan layer in the bacterial cell wall. If the enzymes
are inactivated. then construction of the peptidoglycan layer is
disrupted. These enzymes include transpeptidases. carboxypep-
tidases, and endopeptidases. These enzymes are collectively
referred to as penicillin-binding proteins or PBPs. Gram-positive

»;W!y"i:w. __4_/‘&3 7 S

bacteria use an amino acid bridge (e.g.. pentaglycine bridge) to
cross-link the peptidoglycan chains. Although the assembly of
the peptidoglycan is affected by the beta-lactamas, the antibiotics
do not bind to the major components of the peptidoglycan (e.g..
glycan chains. pepiide cross-links). The antibiotics only bind to
the proteins (enzymes) responsible for the assembly of the pepti-
doglycan layer. The antibiotics also do not bind to LPS or
teichoic acid {other important structural components of the
bacterial cell wall).

MM5 18-19

123 (D) DNA/DNA hybridization. Bacterial classitication
was performed historically by defining a number of phenotypic
properties (e.g.. Gram stain morphology. macroscopic morphol-
ogy, biochemical reactivity) that could be used to separate organ-
isms into discrete groups. The medical microbiology field has
realized that this system has practical applications in the clinical
laboratory but that it also has significant limitations as a taxo-
nomic lool. Bacteria can lose a specific property {e.g., most
strains of Escherichia coli can ferment lactose, but this property
is lost by some strains). Sequencing of the 168 rRNA gene is used
commonly in clinical laboratories for classification of organisms
at the species or genus level, but this method cannot be used for
all organisms. The best example of this is the observation that
Bacillus anthracis and Bacillus cereus have the same 168 rRNA
gene sequence. Use of the G + C ratio is helpful for placing organ-
isms in large categories (e.g., families or orders). but the ratio is
not uselul for separating species or genera. Analysis of DNA frag-
ments by PFGE is a valuable technique for separating organisms
at a subspecies level for epidemiologic purposes, but this tech-
nique cannot be used lor classitication of species or genera. DNA-
DNA hybridization is a method that assesses the total homology
of the genomes ol organisms. As total genome sequencing
becomes more widespread, this method will replace DNA-DNA
hybridization as the definitive method for taxonomic classifica-
tion ol bacteria.

MM5 8

124 (E) Mycobacterium tuberculosis. Two key tests [or the
biochemical identification of M. tuberculosis are the niacin and
nitrate reductase tests. M. tuberculosis is the only commonly
isolated mycobacterium that is positive with both tests. Some
strains of M. chelonae will be niacin-positive, but all the other
bacteria listed in the answers to this question will be negative. In
addition to M. tuberculosis, M. kansasii and M. fortuitum are pos-
itive for nitrate reductase. Although biochemical identification of
some common mycobacteria have now been replaced with
molecular-based identification tests, many small laboratories still
rely on the biochemical tests for a definitive identification.

MMS5 305-308

125 (B) Enterohemorrhagic E. coli, All five groups ol Ii. coli
in the answers to this guestion have been implicated as causes of
gastroenteritis. Infections with ETEC, EPEC, and EAEC are gen-
erally restricted to the small intestine. whereas infections with




EHEC and EIEC primarily involve the colon. The patients in this
report had colitis, with or without blood. The other 10% of the
patients developed hemolylic uremic syndrome (HUS), which
is characterized by acule renal failure. microangiopathic

thrombocytopenia. hypertension, and
central nervous system manifestations. EHEC but not EILC s [re-
quently associated with HUS in children.

MM5 326-330

hemolytic  anemia,

126 (D) Panton-Valentine (PV) leukocidin. PV leukocidin
has been associated with sirains of methicillin-resistant S. aureus
that cause severe necrotizing pnewmonia and skin lesions.
Alpha-toxin is a cytoloxin that is important in staphvlococcal
infections, but it has not been specifically associated with necro-
lizving pneumonia. Enterotoxins produced by §. aureus are
responsible [or staphylococcal food poisoning. Exfoliative toxin is
responsible [or scalded skin syndrome, and TSST-1 is responsible
for toxin shock syndrome.

MM5 223-226, 232

127 (E) Use of respiratory therapy equipment. P aeruginosa
is a ubiquitous organism that is present in and on moist surfaces
throughout hospitals, These arcas would include sinks. drains,
and moist reservoirs, such as respiratory therapy equipment.
Care must be used to maintain the equipment so nosocomial
infections such as this one do not occur, Because P aeruginosa,
like other gram-negative bacteria. has an outer lipid membrane.
the organism must remain moist for it to survive. For this
reason, acquisition ol infections in aerosols is unlikely for gram-
negative bacteria. Infection can occur by contact with medical
personnel or by ingestion of contaminated hospital food, but
these are less likely sources. Intravenous line infections with
P aeruginosa can occur but would not present initially as
bronchopneumonia,

MM5 360

128 (C) Bacteria are phagocytosed but then prevent
phagosome/lysosome fusion. Members of the family Chlamy-
diaceae are intracellular parasites. They are able to escape intra-
cellular killing by preventing fusion of phagosomes and
lysosomes. I the outer membrane of the bacteria is damaged or
the bacteria are inactivated by heat. phagolysosome fusion can
occeur with subsequent bacterial death. During the replication
cycle. the infectious clementary body of the bacteria is reorgan-
ized into the noninfectious, replicating reticulate body. Toward
the end of the replication cycle, the bacleria are reorganized into
the elementary bodies that are released when the infected cell
ruptures and then infect other cells,

MM5 463-464

129 (E) Streptococcus pyogenes. This is a classic presenta-
tion of scarlet fever, caused by S. pyogenes (group A Streptococ-
cus). Infection initially develops as pharyngitis. although a
wound infection may occur. The distribution of the rash and the
more intense inflammation along the skin folds (Pastia sign) is

characteristic of the scarlatiniform rash. B, pertussis produces a
primary infection of the throat and emits a toxin that mediates
the systemic signs of disease {whooping cough); however, the
clinical presentation of the rash is not consistent with B. pertus-
sis infection. H. influenzae. S. awreus, and S, pnewmoniae colonize
the oropharynx but do not typically cause pharyngitis or an
associated rash.

MM5 243

130 (E) Vibrio vulnificus. \. vulnificus, a particularly virulent
species ol Vibrio, is associated with serious wound infections and
seplicemia. Exposure to contaminated seawater and consump-
tion of contaminated raw shellfish are the most common sources
ol inlection. Infections are most severe in patients with hepatic
disease, hematopoietic disease, or chronic renal [ailure and
in those patients receiving immunosuppressive drugs, Vibrio
species are oxidase-positive and are able to ferment glucose, a rel-
atively uncommon trait. A. bawmannii and S. maltophilia oxidize
glucose but are oxidase-negative. B. cepacia oxidizes glucose and
is oxidase-positive. F. coli lerments glucose and is oxidase-
negative.

MM5 343

131 (B) Soft tick. Endemic relapsing fever can be caused by
more than 15 species of Borrelio, Many rodents, small animals
(e.g.. rabbits. squirrels), and soft ticks are the reservoir for these
Borrelia organisms. Transmission of Borrelia organisms from
animal-to-animal or to humans is by the bite of an infecied tick.
The bacteria multiply in the tick and are present in the saliva and
[eces of the tick. The other arthropods listed in the answers to
this question {i.c. flea, louse, mite, mosquito) do not transmit
this disease.

MM5 435-436

132 (D) Urine refrigerated at 4° to 8°C after collection.
Refrigeration of urine prevents overgrowth with small numbers
of bacteria that can contaminate the specimen during collection.
The bacteria that commonly cause urinary tract infections are
not adversely allected by refrigeration. Preservatives (e.g., boric
acid) can also be used to suppress the contaminanis, A mid-
stream urine specimen should not be submitied for anaerobic
culture, All anaerobic specimens must be collected in a way (o
avoid any contamination with the patient’s normal bacterial
flora. In the case of a urine culture. this means that the speci-
men should be collected by suprapubic aspiration, The collection
of sputum during a period of 24 h for a mycobacterial culture
should not be processed because large numbers of contaminat-
ing bacteria are usually present. Although respiratory specimens
processed for mycobacteria are typically treated with agents to
climinaie contaminating organisms. the treatment of specimens
with large numbers of contaminants will frequently need to be
prolonged. resulting in the loss of mycobacteria, as well as the
contaminating bacteria, Patients with bacteremia typically have
very lew organisms in the blood. Therefore a large volume of
blood (e.g.. approximately 10 ml for a 10-year-old boy) must be
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cultured. Streptococcus prewmoniae and Neisseria meningitidis are
important causes of meningitis. Both of these organisms are
sensitive to cold temperatures and will not survive in refrigerated
specimens, such as cerebrospinal fluid.

MMS5 213-219

133 (A) Acinetobacter baumannii. All organisms lisied in
the answers are gram-negative rods that can grow on the media
listed in the question. Acinetobacter is an important cause of
nosocomial pneumonia and is oxidase-negative. a nonfermenter.
as well as a strict aerobic bacterium. B. cepacia is oxidase-
positive; E. cloacae is a fermenter thal grows aerobically and
anaerobically \1.e., facultative anaerobe): P aeruginosais oxidase-
positive; and S, maltophilia is one of the lew organisms that is
always resistant to imipenem.

MMS5 364-365

134

(D) Modification of the pentapeptide side chain in cell
wall peptidoglycan. Vancomycin disrupts cell wall peptidogly-
can synthesis in growing gram-positive bacteria. The antibiotic

interacts with the D-alanine-D-alanine termini ol the pentapep-
tide side chains and interferes sterically with the formation of the
bridges between the peptidoglycan chains. Vancomycin is inac-
tive against gram-negative bacteria because the molecule is too
large to pass through the outer membrane and reach the pepti-
doglycan target site. Gram-positive bacteria that are resistant to
vancomycin have an alteration in the pentapeptide chain. For
example, the pentapeptide chain in Leuconostoc, Lactobacillus,
Pediococcus, and  Erysipelothrix  lerminates in D-alanine-D-
lactate, which does not bind vancomycin. The pentapeptide
chain in Enterococcus gallinarum and Enterococcus casseliflavus
lerminate in D-alanine-D-serine.

MMS5 207-208

135 (A) Enterococcus avium. Vancomycin disrupts cell wall
synthesis of gram-positive bacteria by interacting with the
the pentapeptide bridges
that cross-link the peptidoglycan chains. . casseliflavus and E.

D-alanine-D-alanine termini of

gallinarum have chromosomally mediated intrinsic resistance
to vancomycin (they have intrinsic genes that code for
D-alanine-D-serine termini}. E. faecalis and E. faccium have
acquired resistance that is most commaonly represenied with the
acquisition of a plasmid with either the vanA or vanB gene (that
encodes the D-alanine-D-lactate termini). All other species of
Enterococcus are currently considered susceptible to vancomycin,
MM5 207-208, 259, 262

136 (B) Burkholderia cepacia. B. cepacia is a ubiguitous
environmental organism. Although all individuals are exposed
to this organism and transient colonization can occur, patients
Wwith cystic Worosis are partficularty suscepiivie 1o colomization,
which causes them to develop pneumonia. B. cepacia and 1o a
lesser extent B aeruginosa are responsible tor the overwhelming
majority of pulmonary infections in cystic fibrosis patients. The
dirt-like odor and slow growth ol the organism on MacConkey
agar are useful differential characteristics that separate B. cepacia
and P aeruginosa. Like B aeruginosa. B. cepacia is oxidase-positive
and uscs carbohydrates oxidatively but not fermentatively. A.
bawmannii is an oxidative gram-negative rod that is oxidase-
negative: K. prneumonige is an oxidase-negative. lermentative
gram-negative rod; S. maltophilia is an oxidase-negative, oxida-
tive gram-negalive rod that is characteristically resistant to
imipenem and other carbapenems.

MM5 363-364

137 (B) Epiglottitis: blood culture. The general rule is that
specimens submitted for culture should be collected from the site
of the infection. The exception to this rule is epiglottitis. The
opening of the epiglottis is narrow, particularly in children. An
attempt to collect a specimen from this site can resull in spasms
and complete airway obstruction. A reliable and safer specimen
would be blood because most patients with epiglotiitis are bac-
teremic. Pus collected from an abscess frequently contains few
viable organisms. A preferred specimen would be to collect mate-
rial at the edge of the lesion, where the bacteria should be
actively growing. Otitis media is an infection of the middle
ear. A swab of the outer ear does not represent the organismis)
responsible for the infection. The middle ear should be aspirated
by tympanoceniesis. Likewise, specimens from the nasopharynx
do not represent the organisms responsible for sinusitis. A
bacteriologic diagnosis can only be made by aspirating the sinus.
To determine urethritis, the laboratory will analyze the first
voided portion of urine that contains the organisms responsible
for the infection of the urethra. Because most organisms are
eliminated with the initial voided specimen, a midstream urine
specimen cannot be used 1o diagnose urethritis. In contrast, a
midstream specimen is preferred for diagnosing cystitis and

pyvelonephritis.
MM5 214

138 (D) Streptomycin. Streptomycin is the drug of choice for
treating infections with E {ularensis. Ceftriaxone and penicillin
are inetfective because they are inactivated by beta-lactamases
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produced by E tularensis. Chloramphenicol and tetracyeline have
been associated with a high rate of relapse.
MM5 386-389

139 (E) Rabbits. i tudarensis is able to infect a wide variety
of animals including many wild mammals, domestic dogs and
cats, birds, fish, and blood-sucking arthropods. The most
common reservoirs of F tularensis in the United States are
rabbits. muskrats, and ticks. Most human infections are acquired
by the bite of a tick or contact with an infected rabbit or with a
pet that has caught an infected rabbit. Birds. cattle, deer, and
fleas do not serve as a natural reservoir or vector for tularemia.

MM5 386-389

140 (C) Inhibits DNA topoisomerase. Levolloxacin is a fluo-
roquinolone antibiotic with excellent activity against gram-
positive and gram-negative bacteria. This antibiotic inhibits the
activity of DNA topoisomeruses, which are required for DNA
replication, recombination. and repair.

MM5 210-211

141 (B) Francisella tularensis. This man's condition is an
example ol pulmonary tularemia. Clues to this answer are expo-
sure to a sick rabbit (rabbits and ticks are important hosts for F
Smlarensis in endemic areas in the United States, including
Missouri); slow growth on chocolate and BCYE agars (both
contain cysteine that is required by I! tularensis for growth): and
the Gram stain morphology. B. parapertussis causes a mild
pertussis-like illness: L. pneumophila will grow on BCYE agar
loriginally developed for the isolation of Legionella) but not on
chocolate agar; N, meningitidis is a gram-negative diplococci; and
P aeruginosa is a gram-negative rod that is significantly larger
than F tularensis.

MMS5 386-389

SECTION |

142 (E) Modification of the ribosomal binding site. Clin-
damycin blocks protein elongation by binding to the 508 ribo-
some. It inhibits peptidyltransferase by interfering with the
binding of the aminoacyl-tRNA complex. Methylation of the
238 ribosomal RNA prevents binding of clindamycin to the 508
ribosome and is the source of bacterial resistance.

MM5 210

143 (B) Inhibition of phagosome/lysosome fusion. Bacte-
ria have developed a number of mechanisms by which they
either avoid phagocytosis or avoid intracellular death once they
have been phagocytosed. Two examples of bacteria that can
survive phagocytosis and replicate in a protected intracellular
environment are Brucella and Francisella. Both organisms are
able to prevent phagosome/lysosome fusion, Francisella and
many other organisms, such as Streptococcus pneumoniae, have
capsules that protect them from phagocytosis. Bordetella pro-
duces an adenylate cyclase toxin that inhibits leukocyte chemo-
taxis, Listeria is able to grow intracellularly because it is able to
lyse the phagosome before it is fused with the lysosome. Many
bacteria (e.g.. Clostridia, Pseudomonas) produce phospholipase €
that is capable of lysing cell membranes (e.g.. red blood cell and
white blood cell membranes).

MM5 383, 387

144 (D) Streptococcus pneumoniae. Most species of strep-
tococel are susceptible to penicillin; however, resistance is being
reported for some species of streptococci in the viridans group.
This group of organisms consists of at least 24 heterogeneous
species that are organized taxonomically into five subgroups.
Some ol the most important species belong to the mitis group
and include S, pnewmoniae. Penicillin resistance has primarily
been restricted Lo this group of streptococel. Group B §. agalac-
tiae and group A S, pyogenes are not classified with the viridans
streptococed and are uniformly susceptible to penicillin, S, angi-
nosus is a viridans streptococcus that causes pyogenic infections
(e.g.. intraabdominal abscesses). All strains are susceptible to
penicillin, Likewise, S. bovis, an intestinal streptococeus associ-
aled with colonic carcinoma, is susceptible to penicillin.

MM5 256-257

145 (B) Haemophilus influenzae. The major serotype of H.
influenzae associated with disease is type B. I, influenzae type B
was d major cause ol pediatric morbidity and mortality before the
conjugated, polysaccharide vaccine was introduced. The major
virulence factor in H. influenzae type B is the antiphagocytic poly-
saccharide capsule. which contains ribose, ribitol, and phosphate
(referred to as polyribitol phosphate or PRP). Antibodies directed
against the capsule stimulate bacterical phagocytosis and
complement-mediated bactericidal activity. The immunogenicity
ol polysaccharides can be enhanced by chemical linkage to a
protein carrier (conjugated vaccine). Conjugated vaccines are
used to stimulate immunity against diphtheria toxin, N. meningi-
tidis. Corymebacterium diphtheriae, as well as H, influenzae.

MMS5 160-162, 369-370
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146 (B) Haemophilus ducreyi. H. ducreyi is responsible for
chancroid or soft chanere. This sexually transitted discase pres-
ents as a painful ulcer with associated lymphadenopathy. Recov-
ery of this organism in culture can be difficult. The best medium
appears to be guanine and cytosine (GC) agar supplemented with
hemoglobin. fetal bovine serum. CVA enrichment, and van-
comycin incubated at 33°C in a carbon dioxide—enriched atmos-
phere for up to 1 week. The clinical diagnosis for this patient is
confirmed by the Gram stain results. C. trachomatis. herpes
simplex virus. and T. pallidum would not be seen by Gram stain.
N. gonorrhoeae would appear as gram-negative diplococct and is
not associated with genital ulcers.

MMS5 368-372

147 (E) Toxin-mediated disruption of protein synthesis
with destruction of intestinal microvilli. E. coli 0157 is consid-
ered an enterohemorrhagic F. coli, referring to the colitis with
bloody stools that is characteristic ol this infection. The pathol-
ogy is mediated by the Shiga (Stx-1) or Shiga-like (Stx-2) toxins.
The toxins bind to specilic glycolipid receptors on the surface of
rrrirrars cedls, 173cast srentistdic irn dree frnterstinsiad 1Y 207eR pnind correint oo

fal ceffs. Transier of a toxin subunit into the cell leads to dis-
ruption ol protein synthesis and cell death. Various other strains
of E. coli can produce gastrointestinal disease by a variety of
mechanisms. These include enteroaggregative I, coli (such as in
answer Aj, enleroloxigenic E. coli that produce a heat-labile
tanswer B) and a heat-stable {answer C) enterotoxin, and
enteroinvasive F. coli (answer D) that can invade the colonic
epithelium and cause cell death,

MM5 329-330

148 (C) Exotoxin that causes unregulated cyclic adenosine
monophosphate levels. The child has pertussis caused by
Bordetella pertussis. This is a small, gram-negative rod that
grows only on media supplemented with charcoal. starch, blood.
or albumin to absorb the toxic substances present in agar.
Nicotinamide is also required for growth. These growth require-
ments are present in Bordet-Gengou medium, charcoal-horse
blood agar, or Regan-Lowe medium. B, pertussis produces a
number ol adhesions and toxins that are important for its viru-
lence. Pertussis toxin is an A-B toxin consisting of a toxic subunit
(81} and five binding subunits (S2 to §5 with two $4 subunits).
The 82 subunit binds to a glycolipid present on ciliated epithelial
cells. The 83 subunit binds 1o receptors on phagocytic cells,
initiating phagocytic uptake, where the intracellular bacteria
can survive. The S1 subunii has adenosine diphosphate-
ribosylating activity for the membrane surface G protein. This
interaction causes cyclic adenosine monophosphate levels to be
unregulated. resulting in
and mucus production characteristic of the paroxysmal stage

increased respiratory secretions

of pertussis (stage of disease characterized by repetitive
coughing with whoops during inspiration. vomiling, and
leukocytosis).

MM5 377-378, 380-381
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149 (D) Organism normally found in the oropharynx.
Organisms responsible for otitis media normally originate in the
oropharynx. They spread through the eustachian tube into the
middle ear. The patient typically experiences a preceding or con-
current upper respiratory tract infection that causes congestion
ol the eustachian tube opening. Infections ol the outer ear {otitis
exlernal can originate from the ear or adjacent skin surface (e.g.,
inlections caused by Staphylococcus aureus) or by exposure to
contaminated water (“swimmer's ear” caused by Pseudomonas
aeruginosda).

MM5 483

150 (C) Culture on selective media. The laboratory diagno-
sis ol Legionella infections is dilficult. The bacteria were first
observed in clinical specimens using the Dicterle silver stain.
Although this stain is still commonly used in surgical pathology
laboratories, il is insensitive and nonspecific. The direct fluores-
cent antibody stain detects Legionella using fluorescein-labeled
monoclonal antibodies; however. this stain can detect only
selected serotvpes ol Legionelle prewniapliile and Legianelie
dadei. Cross-reactions with non-Legionelln bacteria have also
deent reported. The current (ests, such as (KA. o detect Legionella
antigens are primarily restricted 1o L, pneumophila serogroup 1.
Although this is the most com monly isolated strain of Legionella,
many other serogroups and species are associated with disease.
Serologic contirmation of Legionella infections is slow le.g.. sero-
conversion may lake 3 or more weeks) and may not be observed
if antibiotic treatment is initiated carly in the course of disease,
Antibodies may also persist for many weeks or months, There-
fore the most sensitive and specific test for confirming the diag-
nosis is culture on selective media. Legionella requires growth on
a medium supplemented with iron salts and L-cysteine The most
commonly used medium is BCYE agar. Antibiotics are also added
to the medium o suppress the growth of rapidly growing con-
laminating organisms.
MM5 391, 394-395

151 (D) Listeria monocytogenes. All of the bacteria listed in
the answers to this question are gram-positive, L. monocytogenes
organisms (ypically appear as gram-posilive coccobacilli
arranged in pairs or singularly, The positive catalase and motil-
ity reactions are consistent with Lisieria, Pregnant women are at
increased risk of infection, with most infections either present-
ing as asymptomatic or as a mild influenza-like illn ess. B
anthracts, the etiologic agent of anthrax, is a nonmoiile, catalase-
positive spore-forming rod that produces non hemolytic colonies.
B, vereus is a motile, catalase-positive spore-forming rod that pro-
duces strongly beta-hemolytic colonies. C. ulcerans is a catalase-
positive, coryneform rod that rarely causes human disease.
although the diphtheria toxin gene may be carried by this organ-
ism. Streptococcus agalactiae (group B streptococcus) is an im-

portant pathogen in pregnant women and neonates. It
is a gram-positive cocci that is weakly beta-hemolytic and
nonmotile.

MMS5 273-277




152 (C) Salmonella enteritidis. Salmonella binds to the M
cells by specific fimbriae. Salmonella-secreted invasion proteins
are then introduced into the cell, which leads to membrane
rearrangement and engulfment of the bacteria. The bacteria
then replicate with subsequent host cell death and spread to
adjacent cells. Enteroinvasive L. coli and S. sonnei invade the
colonic epithelium. Enterohemorrhagic £. coli disrupts colonic
epithelium without invasion into the cells. V. cholerae produces a
toxin-mediated hypersccretion of intestinal fluids without cell
invasion.

MM5 330-331

153 (E) The most important factor for recovering bacteria
in blood cultures is to collect a large volume of blood. Bac-
teremic patients typically have an organism count of less than
1/ml of blood. The success of detecting bacteria in blood is
directly related to the volume of blood collected for culture. It is
recommended that each culture should consist of 20 ml of blood
tor adults and proportionately less blood for children and inlants.
In contrast with bacteremic patients. most patients with

untreated meningitis have a bacterial count of at least 10*/ml of

cerebrospinal tluid. Although cystitis was historically defined as
the bacterial count of 10°/ml of urine. it is now appreciated that
the majority of patients with cystitis have fewer organisms (as
few as 100/ml). Patients with intravascular infections (e.g., sub-
acute bacterial endocarditis) have persistent bacteremia. All
blood cultures should be positive il an adequate volume of blood
is cultured. Patients with bacterial gastroenteritis typically have
the largest number of pathogens in their intestine at the time
the symptoms begin, The numbers of organisms will rapidly
decrease with the frequent bowel movements. Therefore the best
opportunity to detect the pathogen is o collect the stool speci-
men as early as possible in the course of the disease.

MM5 213-219

154 (D) Nocardia brasiliensis. Each of the organisms listed
in the answers to this question can cause localized skin infections
presenting as this patient's infection. N. brasiliensis infections
are primary cutaneous inlections with the organism introduced
into the subcutancous layer of the skin through trauma. The
organism grows slowly (3 to 5 days are generally required
before colonics are seen) and can grow on most nonselective lab-
oratory media. The best growth of Nocardia species has been
reported on BCYL agar, Trimethoprim/sultamethoxazole has his-
torically been the drug ol choice for treating an N. brasiliensis
infection, but other drugs such as ciprofloxacin and imipenem
have good in vitro activity, F. rhusiopathige causes a zoonotic
infection, introduced following subcutaneous inoculation of the
organism through an abrasion or pucture wound during
handling of animal products or seil contaminated with the
organism. M. chelonae is a rapidly growing mycobacteria that
is ubiquitous in the environment. In contrast with M. fortuitum
{another common rapidly growing mycobacterium), M. chelonae
is generally
ciprofloxacin, and imipenem. M. marinum infections are

resistant 1o trimethoprim/sultamethoxazole,

associated with exposure to contaminated water from aquari-
ums or marine sources. 8. schenckii is a dimorphic fungus that
produces cutaneous infections afler exposure to contaminated
soil. such as an infection following & puncture with a contami-
nated rose bush. Sporothrix produces darkly pigmented colonies
and is not susceptible to antibacterial antibiotics.

MM5 290-291

155 (A) Antibiotic resistance. Although Enterococcus species
are relatively avirulent, antibiotic resistance is a primary factor
that permits these organisms to produce disease. These organ-
isms are resistant to all cephalosporins, oxacillin and related
penicillin, and many other antibiotics, including vancomycin
and the aminoglycosides. Endotoxin is produced by gram-
positive but not gram-negative bacteria, Exfoliative toxin is pro-
duced by Staphylococcus aureus. Exotoxins and phospholipase C
are produced by a number of organisms but not Enterococcus.
MM5 259-260, 262

156 (A) Deregulation of adenylate cyclase in host cells.
The patient’s symptoms are consistent with the diagnosis of per-
tussis or whooping cough. This disease is caused by Bordetella
pertussis, a bacterium that produces several toxins. including
pertussis toxin, a cytotoxin, and extracytoplasmic adenylate
cyclase, The pertussis toxin activates the guanosine diphosphate-
binding proteins to promote the action of adenylate cylcase. This
activity interferes with chemotaxis. phagocytosis, and other cel-
lular functions.

MM5 377-378

157 (B) Ciprofloxacin. The selection of a prophylactic
antibiotic for exposure to N, meningitidis is controversial. Histor-
ically. 4 sultonamide, such as sulfadiazine, was recommended.
Resistance to sulfa drugs have become widespread, however., and
these drugs are not recommended now unless there is evidence
that the epidemic strain of N. meningitidis is susceptible.
Although penicillin can be used to treat infections. this anti-
biotic is not effective in eradicating carriage. Resistance to
chloramphenicol and rifampin have been observed. although
rifampin can be selected as an alternative to ciprofloxacin.
Minoeycline can also be considered {or prophylaxis. but toxic side
effects have limited the use of this antibiotic. Ciprofloxacin
appears highly active and effective in eliminating the organism
in carriers and has not been associated with significant side
effects: this drug is recommended for chemoprophylaxis.
although these recommendations are subject to change.

MM5 319-320

158 (A) Blocks peptide elongation by inhibiting peptidyl-
transferase. Clindamycin is a bacteriostatic antibiotic in the
family of lincosamide antibiotics, Similar to chloramphenicol
and the macrolides. clindamycin blocks peptide elongation by
binding to the 508 ribosome, It inhibits peptidyltransterase by
interfering with the binding of the aminoacyl-tIRNA complex.
MM5 210
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159 (D) Nocardia. Of the five organisms listed in the answers
to this question. only Actinomyces and Nocardia form filamen-
tous, branching rods. These organisms can be differentiated by
the acid-fast stain. Actinomyces is not acid-fast, and Nocardia is
weakly acid-fast. Mycobacterium and Rhodococeus are acid-fast:
however, Mycobacterium does not form filaments, and Rhodococ-
cus is a weakly acid-fast coccobacillus. One species of Legionella,
L. micdadei, is acid-fast when inittally observed in the clinical
specimen but loses this property when isolated in culture. This
organism is eliminated because it is a gram-negative rod.

MMS5 287-292

160 (E) Routine bacterial culture. The presence of squa-
mous epithelial cells in expectorated sputum indicates the spec-
imen has been contaminated with oral secretions. Because most
bacterial infections of the lower respiratory tract are preceded by
colonization of the oropharynx, contaminated specimens sub-
mitted for routine bacterial culture should not be processed.
Anaerobe cultures should only be performed with respiratory
specimens collected in a manner to avoid any oral contamina-
tion (e.g.. lung aspirate or biopsy). Fungal cultures and Nocar-
dia cultures can be performed using a contaminated respiratory
specimen because selective media are used Lo eliminate the con-
taminating oral flora, and the fungal pathogens (e.g.. Cryplococ-
cus, dimorphic fungi} and Nocardia are not normal residents of
the oropharynx, Respiratory specimens processed [or mycobac-
teria are decontaminated to eliminate the oral contaminanis
belore the specimen is cultured.

MM5 217

161 (A) Capnocytophaga canimorsus. C. canimorsus (for-
merly called Capnocytophaga group DF-2) is an organism that is
normally found in the mouths of canines and is associated with
bite wound infections. Infections are particularly serious for
alcoholics, individuals who are functionally asplenic, and
patients receiving immunosuppressive drugs, The organism is a
slow-growing, facultative anaerobic, filamentous gram-negative
rod that requires carbon dioxide for growth {capnophilic). C.
canimorsus is separated [rom other species in this genus by the

positive catalase and oxidase reactions. E, corrodens is associated
with human bites. not dog bites, and is catalase-negative. I inul-
tocida has been associated with dog biles, although Pasieurella
canis is the more common isolale from dogs. P muliocida is
oxidase-positive and catalase-positive bui does not require
carbon dioxide for growth. 5. minus is an agent ol rat bite fever
and has not been associated with dog bites. V, vulnificus produces
wound infections and systemic illnesses associated with expo-
sure to contaminated marine walers.

MM5 399

162 (D) Positive acid-fast stain. Leprosy can be subdivided
into two forms of the disease: tuberculoid and lepromatous.
Tuberculoid leprosy is characterized by a vigorous immune
response to the infection. Thus, patients with the tuberculoid
form of leprosy have relatively few acid-fast organisms in their
tissues. have a low level of infectivity, and are reactive in the skin
test to lepromin. These patients also have lew erythematous or
hyvpopigmented skin lesions. In contrast, patients with the lep-
romatous form of leprosy have a specific defect in their cellular
response (o infection and are hypergammaglobulinemic. Thus.
they have a large number of bacteria in their tissues (acid-fast
organisms that make the stain positive), are infectious. and are
characterized clinically by the presence of many eryvthematous
macules, papules. or nodules. These patients have extensive
tissue destruction and diffuse nerve involvement.

MM5 301-303

163 (A) Corynebacterium diphtherige. The C. diphtheriae
toxin is inactivated by formalin treaiment and administered to
children in combination with vaccines prepared against pertus-
sis and tetanus antigens (DPT vaccine). The capsular antigens
from N. meningitidis and S. pnewmoniae are used in the vaceines
for these two organisms. The whole killed cell is used 1o prepare
vaccines against V. cholerae and Y. pestis. A live ailenuated
vaccine has also been developed against V cholerae.

MM5 160-162, 282-283

164 (D) Group B Streptococcus agalactiae. This baby girl
has evidence of early onset neonatal disease. The three cardinal
features ol this disease are sepsis. pulmonary symptoms. and
meningitis. Blood and CSF should be collected for the diagnosis.
Although the number of organisms present in the blood is below
the limit of detection by microscopy, microscopic examination of
CSF is indicated for a rapid diagnosis of the etiologic agent (as
was demonstrated in this patient). The two most common organ-
isms responsible for early onset disease are group B 8. agalactiae
and Escherichia eoli. Less commonly, L. monocytogenes, a gram-
positive rod. causes early onset disease. The Gram stain result for
this patient is more consistent with group B Streptococcus.
Meningitis can be caused by all of the organisms listed in the
answers to this question: however, the clinical history should
narrow the differential diagnosis. S. aureus is an uncommon
cause of meningitis in the absence of a neurosurgical procedure.
S. pneumoniae is a common cause of meningitis but is not
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typically seen in neonates. The gram-stain morphology of &.

pneumoniae, gram-positive cocci in pairs. is not consistent with
the Gram stain in this patient. N. meningitidis is a gram-negative
diplococci. Penicillin is the most active antibiotic for treating
infections with this organism.

MM5 247-250

165 (E) Propionibacterium. All of the organisms in the
answers to this question are anaerobic gram-positive rods and
would be expected to grow on anaerobic blood agar plates. Pro-
pionibacterium is the correct answer because organisms that
reside on the skin's surface fe.g.. coagulase-negative Staphylo-
coceus, Corynebacterium, Propionibacterium) cause most shunt
infections. The other organisms listed in this question are not
found on the skin's surface and have not been associated with
shunt inlections.

MM5 419

166 (C) Modification of PBPs. Oxacillin and related peni-
cilling (e.g., methicillin, nafcillin, dicloxacilling are resistant to
beta-lactamase hydrolysis. Resistance to this class of penicillins
is mediated by acquisition of a gene. mecA, that codes for a novel
penicillin-binding protein, PBP2’. The penicillins and other beta-
lactam antibiotics kill bacteria by their ability to bind to PBPs,
which are enzymes responsible for construction of the cell wall
peptidoglycan. PBP2" is not bound by penicillins but retains its
enzymatic activity.

MM5 204-207

167 (D) Culture on selective agar incubated in a micro-
aerophilic atmosphere. Growth of Campylobacter requires the
use of a selective medium incubated in a microaerophilic atmos-
phere (decreased oxygen and increase carbon dioxide) and at an
clevaied temperature. The selective media that have been used
for the recovery of Campylobacter must contain blood or charcoal
Lo remove toxic oxygen radicals, and antibiotics are added to
inhibit the growth ol contaminating organisms. Blood agar is a
nonselective medium and is not useful for siool cultures except
to determine if there is a disruption of the normal balance of
enteric bacteria. Campylobacter does not grow on MacConkey or
sorbitol/MacConkey agar. Sorbitol/MacConkey agar is used for
the detection of enterohemorrhagic Escherichia coli. Toxins such
as Shiga toxin and Clostridium difficile toxing are detected by
Immunoassays.

MMS5 337, 350, 411-413

168 (D) Clostridium perfringens: food poisoning associ-
ated with meat products. C. perfringens food poisoning is associ-
ated with contaminated meat products, particularly gravy. C.
difficile. not C. perfringens, causes antibiotic-associated colitis. C.
botulinum blocks release of the neurotransmitter acetylcholine,
whereas C. tetani blocks neurotransmitters (e.z.. GABA} for
inhibitory synapses. C. difficile is not associated with a flaccid
form of paralysis.

MMS5 405-406

169 (A) Bacillus cereus. Both B, cereus and C. perfringens are
[ound in nature, can cause rapidly progressive diseases. and can
produce beta-hemolvtic colonies on blood agar plates. This
organism, however, grows aerobically, which would exclude C.
perfringens. C. jeikeium colonizes the skin surfaces and. although
it could be isolated in an eye specimen, it would not be associated
with this tvpe of infection. E. rhusiopathiae colonizes the intes-
tinal tract of wild and domestic animals and is associated with
cutaneous and disseminated discases (bul not eye infections), P
aeruginosa is a gram-negative rod that is found in nature and
causes opportunistic infections, including eyve infections,

MMS5 269-270

170 (D) Stimulates increased adenylate cyclase activity. 1.
cholerae toxin is an A-B toxin. A ring of five identical B subunits
binds to the ganglioside Gy, receptors on the intestinal epithelial
cells. The toxic A subunit is internalized and interacts with G pro-
teins that control adenylate cyclase, leading to the catabolic con-
version of ATP to cyclic AME This results in a hypersecretion of
water and electrolytes.

MM5 196-198

171 (B) Person-to-person contact. Shigellosis is & human
disease, transmitted by the fecal-to-oral route, primarily by
contact with people who have contaminated hands and less
commonly by drinking or eating contaminated water or food.
This disease is most commonly seen in young children (e.g., in
daycare centers. nurseries, custodial institutions) and in male
homosexuals. Contaminated water can be the source ol a
number of enteric pathogens, including  Cryptosporiditm:
steamed rice is associated with Bacillus cereus infections; under-
cooked chicken is associated with Salmonella and Campylobacter
infections; and undercooked hamburger is associated with
Escherichia coli 0157 infections.

MM5 332-333

172 (C) Exfoliative toxins A and B. Two exfoliative toxins
have been described. each of which can mediate scalded skin
syndrome in babies. These are serine proteases that split the
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intercellular bridges in the siratum granulosum epidermis,
Cytolysis and inflammation are not present in the involved skin,
so Gram stains and culture are not useful. Toxins A and B have
also been associated with a severe form of pulmonary disease.
Staphylococcus aurens produces a variety ol other toxins that
mediate disease. Alpha-toxin is an example ol & cytotoxic toxin
produced by this organism. This toxin is an important mediator
of tissue damage and is toxic for many cells (e.g.. erythrocytes,
leukocytes, platelets), but it does not produce the clinical pictures
described for this patient. Leukocidin is also a cytotoxic toxin,
Enterotoxin A is one ol cight serologically distinet, heat-stable
enterotoxins described for 8. aureus. Enterotoxin A is the toxin
most commonly associated with staphylococcal food poisoning.
Because this discase is mediated by ingestion ol preformed toxin,
the incubation period after ingestion of the contaminated food is
only a few hours. and the duration of diseasc is less than 24 h,
TSST-1 was originally described as an enterotoxin (enterotoxin
F) and is still associated with diarrhea. Multiorgan dysfunction,
skin desquamation, shock, and death are characteristic of toxic
shock syndrome,

MM5 224-226

173 (E) Susceptibility to bacitracin. The organism respon-
sible for this infection is Streptococcus pyogenes (group A Strepto-
coccus). S. pyogenes is catalase-negative, like all streptococcl,
so the catalase test would not identilv the organism. This species
is susceptible to bacitracin and also produces L-pyrrolidonyl-
arvlamidase (PYR), properties unique to this Streptococcus
species. Production of coagulase is used 1o differentiate Staphy-
lococcus aureus from the other staphylococceal species. Suscepti-
bility to optochin and solubility in bile are tests used to identily
Streptococcus pneumaoniac,

MM5 246-247

174 (D) Rickettsial pox. Rickettsia akari, a member of the
spotted [ever group of Rickeltsta. is the etiologic agent of rick-
ettsial pox. Infections with R. akari are maintained in the rodent
population through the bite of mites and in mites by transovar-
ian transmission. Humans become accidental hosts when bitten
by infected mites.

MMS5 453

175 (A) Chlamydia trachomatis. The patient has lym-
phogranuloma venerewm (LGV) caused by C. trachomatis. The
infection is endemic in Alrica, Asia, and South America and is
sporadically reported in North America, Australia, and Europe.
The disease is caused by four specific serotypes of C. trachomatis:
serotypes Ly, Ly, La,. and L;. Adenopathy (“bubo”) with ulcer for-
mation is characteristic of the disease. Herpes simplex virus pro-
duces a painful ulcer at the site of initial infection. The swollen,
ulcerating lymph nodes seen in LGV are not characteristic of
herpes infections. K. granulomatis is not culturable. N. gonor-
rhoeae can be cultured on chocolate agar and specialized media
(e.g.. Thayer-Martin) but does not present as described in this

patient’s infection. T paflidum, etiologic agent of syphilis,
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produces a painful ulcer and is not characterized by ulcerating
lymph nodes.
MM5 464-469

176 (D) Staphylococcus aureus. Tinteric pathogens that are
most commonly associated with intoxications (i.e.. disease pro-
duced by preformed toxins) are 8. aureus, Bacillus cereus, Clostrid-
it botulinum, and Clostridium perfringens. Examples of enleric
pathogens that require replication of the organism in the host
before they cxpress their virulence factors are Salmonella,
Shigella, Yersinia, and Vibrio, Intoxications are characterized by a
short incubation period after consumption of the contaminated
food product {generally 2 to 6 h) and brief duration (generally
less than 24 hours. except for C. botulinum where the toxin is
tightly bound to the host receptor).

MMS5 225-226, 229-230

177 (C) Modified Thayer-Martin (MTM) agar. The organism
responsible for this infection is Neisseria gonorrhoeae. which is a
fastidious organism thal requires complex media. such as modi-
fied Thaver-Martin agar. for growth. Soluble starch is added to
medium (o neutralize the toxic effects of fatty acids and trace
metals present in the peptone hydrolysates and agar common in
most laboratory media. Antibiotics are also present in the medium
to suppress the growth ol other organisms that colonize the
urethra, Optimum growth ol N. gonorrheeae also reguires incu-
bation at 37° C in an atmosphere enriched with CO.. BCYE is used
for the recovery ol Legionella, and Bordet-Gengou agar is used for
the recovery ol Bordetella pertussis. Mueller-Hinton agar was
developed originally for the growth of N. gonorrhoeae but is non-
selective, allowing the growth of other organisms that can
abscure the colonies of N, gonorrhoeae. Mueller-Hinlon agar is
now only used for the performance of antimicrobial susceptibility
tests. Nutrient agar is a minimal growth medium: failure to grow
on nutrient agar is one test that is used to identify N. gonorrhoeae,
MM5 317-319
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178 (C) Mycobacterium haemophilum. M. haemophilum Is a
sow-growing organism that is iron dependent and has an
wptimal growth temperature between 30° and 32°C, This organ-
wm zrows cither very poorly or not at all at 37°C. The most
sommon clinical presentation of M. haemophilum disease is cuta-
us and subcutaneous lesions. consistent with the observa-
Swn that the organism grows best at cooler body sites. Therefore
i important to clearly describe the source of clinical material
rtted to the laboratory so that appropriate incubation con-
wns can be used. In addition, the specimens should be inocu-
d onto media supplemented with iron compounds (e.g.,
scolate agar or a medium with ferric ammonium citrate,
smin. Fildes supplement. or lysed horse blood). None of the
mycobacterial species listed in this question requires iron
wiucts for growth. M. avium has an optimum growth temper-
of 38710 40°C: M. fortuitum grows in a broad range of tem-
watures: M. marinum grows best at 30° to 32°C: and M, leprae
s not been grown in vitro.

5 305, 307

(E) Exotoxin A. The organism responsible for this
an's infection is Pseudomonas aeruginosa. Infections are
wated with localized trauma. in this case caused by the irri-
of unclean contact lens that abraded the surface of the
2. Infections typically start as a localized ulcer that rapidly
Wress o destroy the eye. The toxin primarily responsible for
destructive inlection is exotoxin A, Exotoxin A inhibits
=0 svnthesis by inactivating EF-2, a lactor required for the
sment of peptide chains on the ribosomes. This toxin is iden-
W action to diphtheria toxin, A variety of other organisms
Seoduce keratitis and corneal ulcers. These include Staphiy-
S aureus {alpha-toxin), Clostridium perfringens (alpha-
Seta-toxin), Baeillus cereus (cereolysin and phospholipase
S other gram-negative rods {e.g.. Protens mirabilis). The
siain morphology and biochemical properties of this
s organism differentiate P aeruginosa from other possible

- b
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{D) Pyrogenic exotoxin. The children’s symptoms are a

o0 of the classic rash seen in scarlet fever caused by
s pyogenes. The rash is mediated by one of three
seically distinet, heat-labile pyrogenic exotoxins.

243

£} Clinical diagnosis of erythema migrans. The first
Semme disease is the presence of a characterized rash,
Sihema migrans. At the time the rash develops, culture
¢ and antibodies may or may not be present; less than
Senits have a history ol a recent tick bite. Borrelia
ihat are responsible for a relapsing fever will be
LSemsa-stained blood: however, B. burgdorferi is not
this method.

i
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182 (C) Moraxella catarrhalis. M. catarrhalis can cause
sinusitis and bronchopneumonia. B, pertussis is responsible for
whooping cough. C. diphtheriae is the cause of diphtheria, M.
prenmoniae causes atypical pneumonia. N, gonorrhoeae can lead
to gonococcal pharyngitis,

MM5 217, 365

183 (B) Bifidobacterium. The human colon is the most
densely populated organ in the body, with a bacterial count of
more than 10"/ of feces. Anaerobes are the most numerous
bacteria, outnumbering aerobic bacteria by 1000-fold, Each of
the bacteria listed in the answers to this question (Bacteroides,
Bifidobacterium. Enterococcus, Escherichia, and Pseudomonas) is
lound in the colon, The most common genera are Bifidobacterium
and Eubacterium, neither of which is commonly associated with
disease. In contrast, the other genera are all significant enteric
pathogens.

MM5 84-85

184 (B) Ocular infection: corneal scraping. The appropriate
specimen for a disease is the one that samples the site of
infection and avoids contamination with the patient’s normal
microbial flora. A swab or scraping ol the cornea is the appro-
priate specimen for an ocular infection. Deep intraocular infec-
tions may also require aspiration of the ocular tluids. The
diagnosis ol cystitis requires collection of midstream urine,
which avoids the bacteria that colonize the urethra. Diagnosis of
pneumonia requires collection of lower airway secretions (i.e..
spulum| with the avoidance of contamination with saliva, The
diagnosis of sinusitis requires aspiration of the involved sinus. A
wound should be culiured after the superficial drainage and sur-
rounding surfaces are cleaned and disinfected.

Mms 217

185 (A) Dipicolinic acid. Some bacteria. such as Bacillus and
Clostridiun. can form endospores (spores) under the adverse con-
ditions of a low level of nutrients. high heat, or drying, These
structures are exiremely stable and can survive in the environ-
ment for months to years. This ability is due to the unique struc-
ture of the spore, Under adverse conditions. the nuclear material
divides into two with a septum formed to separate the genetic
material. Other layers then develop in the endospore—an inner
membrane, a cortex layer consisiing of two peptidoglycan lavers,
and an outer keratin-like protein coat. The cortex layer is stabi-
lized by a high concentration of calcium bound to dipicolinic
acid. Lipid A, lipoteichoic acid, O antigen, and peptidoglycan are
found in many vegetative forms ol bacteria and are not unique
L0 spores.

MM5 22-24

186 (C) Endotoxin. This female college student has menin-
gitis caused by Neisseria meningitidis. Characteristic of this
disease are diffuse vascular changes, including endothelial
damage, inflammation of vessel walls, thrombosis. and dissemi-
nated intravascular coagulation, These symptoms are attributed
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% of the LOS endotoxin present in the outer mem-
weiis. The polysaccharide capsule protects the bacteria
“hodv-mediated phagocytosis. Meningococct can be
seally classifed into 13 serogroups based on antigenic dil-

wewes o the capsule, and they can also be categorized into
Sseiipie serotypes based on the antigenic variations in the outer
swembrane proteins and oligosaccharide component of LOS.

Some serotypes are more commonly associated with dissemi-
naled discase, presumably because these strains are more resist-
ant to serum killing. Pili bind to specific receptors in the
nasopharynx and are responsible for colonization, No A-B type
exotoxin has been associated with N. meningitidis.

MM5 314-317

187 (B) Ability to bind complement (C3b). Replication of
Legionella in macrophages is initiated by binding complement to

an outer membrane porin protein. This permits the organism to
bind to C3b receptors on the surface of macrophages and is fol-
lowed by endocytosis. The bacteria are not killed in their intra-
cellular location because fusion of the phagosome and lysosome
that contain toxic superoxide. hydrogen peroxide, and hydroxyl
radical is inhibited. The bacteria prolilerate in the vacuole,
produce a variety of hydrolytic enzymes. and kill the host cell
when the phagosome membrane is lysed.

MM5 391-393

188 (D) Fluorescent treponemal antibody-absorption (FTA-
ABS) test. Treponema pallidum, the organism responsible for
svphilis, has not been grown in culture and is too thin to be seen
by Giemsa stain. Although darkfield examination is very sensi-
tive [or conlirming the diagnosis of primary and secondary
syphilis, relatively few bacteria are present in the tissues of
patients with tertiary or late syphilis, The nontreponemal VDRL
test is positive for only approximately 70% to 75% of the infected
patients, In contrast, the treponemal FTA-ABS tests have very
high sensitivity (greater than 95%) for late or tertiary syphilis,
MMS5 430-432

189 (A) ASO test: S. pyogenes. The ASO antibody test,
spelled out as the antistreptolysin O antibody test, is used to iden-
tily recent infections with S, pyogenes (group A Streptococcus).
Streptolysin O is an oxygen-labile hemolysin that lyses a variety
ol blood cells. Patients with pharyngitis develop antibodies
against streptolysin 0O, so this test is a useful marker for recent S,
pyogenes infections in patients who develop the nonsuppurative
complications of rheumatic fever or acute glomerulonephritis.
Streptolysin O is bound to cholesterol in skin lipids, so the ASO
test is negalive in cutaneous infections. Identification of 8. pyo-
genes in culture is confirmed by susceptibility to bacitracin and
the presence of PYR. S. pyogenes is the only Streptococcus species
that produces this enzyme. Susceptibility to optochin is used to
identify S. pneumoniae. Colonics of S. pneumoniae are also dis-
solved when exposed to a drop of bile (e.g., sodium desoxy-
cholate, bile solubility test). 8. anginosus. an important species in
the viridans group of streptococci, is resistant to optochin. The
CAMP test is positive for 8. agalactice (group B Streptococeus). This
organism is also able to hydrolyze hippurate.

MM5 246-247

190 (B) Burkholderia pseudomallei. B. pseudomallei is
responsible for the melioidosis discase, which can appear as an
acute suppurative disease or present as described in this ques-
tion, as a chronic pulmonary disease resembling tuberculosis.
This organism has acquired renewed interest in the late twenti-
eth and carly twenty-first centuries because it has been identi-
fied as an organism that could be used by bioterrorists. B,
pseudomallei is listed on the Select Agent and Toxin List of organ-
isms of biological concern. A, bawmannii is oxidase-negative; C,
hominis is fermentative; P aeruginosa is resistant to trimetho-
prim/sulfamethoxazole; and 8. maltophilia is oxidase-negative.
All of the organisms listed in the answers to this question, with
the exception of B. pseudomallei, arc readily isolated in this
country,

MMS5 363-364

191 (A) Bacteroides fragilis. Metronidazole is active against
protozoa (e.g.. Trichomonas. Entamoeba, Giardia) and strict
anaerobes (e.g.. B. fragilis). This drug has no significant activity
against aerobic or lacultatively anaerobic bacteria (e.g.. Heli-
cobacter pylori, Staphylococcus aureus. Streptococcus pyogenes,
Yersinia enterocolitica), The antimicrobial properties of metron-
idazole stem from the reduction of its nitro group by bacterial
nitroreductase, thereby producing cytotoxic compounds that
disrupt the host DNA,

MM5 211, 426

192 (B) Culture on MacConkey agar. Isolation of enteric
pathogens is a difficull and expensive process [or the clinical lab-
oratory. Growth of the many bacterial species normally present
in the intestines must be suppressed. so selective culture media
(and not the nonselective blood agar media) are commonly used.
Shigella can be detected as a nonlactose fermenting bacteria that
grows well on MacConkey agar. Sorbitol/MacConkey agar is a
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special formulation of MacConkey agar that is used for the detec-
tion of enterohemorrhagic Escherichia coli. Incubation in a

microacrophilic atmosphere is used for the specific detection of

Campylobacter species. The toxin produced by Shigella is Shiga
toxin. This loxin can be detected with a specitic immunoassay.
Toxins A and B are two toxins produced by Clostridium difficile,
This organism produces a spectrum of diseases ranging from
antibiotic-associated diarrhea to pseudomembranous colitis.
These two toxins are most commonly detected by specific
IMMUuUNOAssays.

MMS5 337

193 (E) Pyruvate. Bacteria require energy for survival. This
energy is derived from the breakdown (catabolism) of various
organic substrates (e.g.. carbohydrates, lipids, and proteins) and
then synthesis (anabolism) of cellular constituents (e.g.. cell
walls, proteins, fatty acids. nucleic acids). Various metabolic
pathways accomplish the conversion of the catabolic product
into cellular constituents. The first stage of this conversion
involves production ol pyruvate, which is then channeled
toward energy production or synthesis of new carbohydrates,
amino acids, lipids, and nucleic acids. Acetaldehyde. acetyl-
coenzyme A, and lactate are intermediate fermentation by-
products of pyruvate, Glucose is converted into pyruvate in the
Embden-Meyerhof-Parnas glycolytic pathway.

MM5 25-30

194 (A) Endocarditis. Continuous bacteremia is associated

with intravascular infections, such as endocarditis (intection of

the lining of the heart), septic thrombophlebitis (infection of the
lumen of a blood vessel). and intravascular catheter infections,
The other infections listed in the answers to this question (e.g.,
meningitis, osteomyelitis. peritonitis, and septic arthritis) are
associated with intermittent bacteremia: the infection is in a
localized space that periodically spills organisms into the blood.
The concept of continuous versus discontinuous bacteremia is
important because most or all blood cultures will be positive in
a palient with an intravascular infection but not in a patient with
d discontinuous bacteremia.

MM5 213-216

195 (C) Lactobacillus. Lactobacillus species are preferentially
found in acidic areas, such as in the stomach, upper small intes-
tine, and genitourinary tract. Bacteroides and Escherichia species
are primarily restricted to the intestines; Malassezia is a lipophilic
fungus that is found in areas of the body that are rich in seba-
ceous glands, such as the skin: and viridans streptococci are
found primarily in the upper respiratory tract.

MMS5 84-86, 420

196 (E) Rhodococcus. Each ol the organisms listed in the
answers (o this question will stain with the moditied acid-fast
stain (for the Legionella species. only Legionella micdadei). Only
Rhodococeus. however, will initially appear as cocci or coc-
cobacilli. With prolonged incubation, Rhadococeus equi, the most
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common species causing human disease, will appear more rod-
like and develop a salmon-pink color. Gordonia and Legionella are
true rods and are nol pigmented. Mycobacteria are not salmon
colored, and most species that cause pulmonary disease will
require prolonged incubation before the culture is positive.
Nocardia appear as branching filamentous rods. so even though
they are frequently pigmented. they would not be mistaken for
Rhodovoceus. Rhodococeus is also catalase-positive, is slowly
urease-positive, and [lails to ferment carbohydrates, This species
is most commonly recovered [rom immunocompromised
patients, such as those with malignancies, transplants. or HIV
infections. The mosl common presentation is invasive pul-
monary disease with abscess formation and dissemination to
distal organs (e.g., meninges, pericardium, skin).

MM5 292-293

197 (C) Proteus mirabilis. This woman has a urinary tract
infection complicated with pyelonephritis. The organism that
was recovered is a gram-negative rod because it grew on both
blood and MacConkey agars, All ol the organisms listed in the
answers to this question are gram-negative rods. so this infor-
mation does not help select the correct organism. The organism
was colorless on MacConkey agar, which indicates the organism
is unable 1o lerment lactose. E. coli and K. pnewmoniae are
lactose—fermenters, so these organisms can be eliminated.
Strong production of urease is characteristic of P mirabilis.
This property results in production of ammeonia with an increase
in the urine pH and subsequent formation of renal stones. S.
tyyphi does not hydrolyze urea. and only about half of the P aerug-
inosa strains do. The spreading growth of P mirabilis (commonly
called “swarming”) on blood agar is characteristic of this organ-
ism and dilferentiates it from all other bacteria listed. Indeed,
an accurale preliminary identification of B mirabilis can be
made simply by noting that swarming bacteria do not ferment
lactose in MacConkey agar and have a rapidly positive urease
redcetion.

MM5 336

198 (A) Escherichia coli. An opportunistic pathogen is a
microbe that is normally nonpathogenic except when introduced
into normally sterile sites (e.g.. deep lissues, normally sterile
body fluids) or in patienis thal are less competent in resisting
infections (e.g.. immunocompromised patients). E. coli is part of
the normal flora of bacteria living in the human intestine, When
this organism, however, is introduced into a normally sterile
location, disease can occur (e.g., organisms in the peritoneal
cavity cause peritonitis; organisms in the lungs cause pneumo-
nia; organisms in cerebrospinal {luid are associated with menin-
gitis). Strict pathogens are microbes that always cause human
disease. The other organisms listed in the answers to this ques-
tion are strict pathogens: I tidarensis causes tularemia; M. tuber-
culosis causes tuberculosis; N. gonerrhoeae causes gonorrhea:
and 8. typhi causes typhoid fever,

MM5 83
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199 (D) Penicillin plus gentamicin. Lactobacillus endocardi-
tis is verv difficult to treat because the organism is not suscepti-
ble to killing by any one antibiotic. Combination therapy with
penicillin and an aminoglycoside (e.g.. gentamicin) is recom-
mended for serious infections such as endocarditis. Other antibi-
otics (e.g.. ampicillin) may inhibit the growth ol the organism
but will not kill Lactobacillus. Most strains ol Lactobacillus are

resistant (o 'l'r’iH("r?f}'.l’j’r.‘.’!'}'?,

MM5 420

200 (D) Production of the mecA gene product. Resistance to
oxacillin in Staphylococeus is most commonly mediated by acqui-
sition of the mecA gene. This gene codes for a novel PBP2Y, The
beta-lactam antibiotics are able to kill bacteria by binding to pro-
teins (the penicillin-binding proteins or PBPs) that catalyze con-
struction of the peptidoglycan layer of the cell wall: PBP2’ is not
bound by oxacillin or any other beta-lactam antibiotic, and this
protein is thus able to function in cell wall synthesis.

MMS5 234-235

201
brospinal tluid, and stool specimens would be considered

(E) Urine. Pathogenic organisms present in blood, cere-

significant regardless of the number of organisms present. Deier-
mination of the significance of a pathogen in a respiratory
specimen is accomplished by noting the quality of the specimen
(i.e., whether the lower respiratory secrelions are contaminated
with upper respiratory secretions), clinical presentation of the
patient, and the organism isolated. In contrast, urine specimens
are [requently contaminated with a small number of organisms
present in the urethra. Because these organisms may be
uropathogens (i.e., organisms capable of producing urinary tract
infections), the number of organisms present in urine are gquan-
titated. Large numbers of organisms are typically associated
with infection il the specimen is properly collected.

MM5 217-218

202 (D) Late manifestations of disseminated disease
include arthritis, cardiac abnormalities, and neurologic
disease. Lalc manifestations of Lyme disease develop in the
majorily of paticnts who are not treated. These develop in two
phases. The [irst involves neurologic symptoms (i.e.. meningitis,
encephalitis, peripheral nerve neuropathy) and cardiac dysfunc-
tion (heart block, myopericarditis, congestive heart failure).
These symptoms develop in 10% to 13% of patients and can last
for days to months. The second phase is characterized by arthral-
gias and arthritis. These complications can persist for months to
years. The other answers listed for this question are incorrect
because Lyme disease is transmitted by ticks and not fleas: white-
footed mice and white-tail deer are reservoirs for the disease but
ground squirrels are not: the disease is common to all age groups
with exposure to ticks {generally not the very young or old); and.
finally, microscopy and culture are very insensitive laboratory
tests.

MM5 436-437
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203 (E) Subacute endocarditis. The viridans group of Strep-
tococcus consists of more than 20 species of streptococci that col-
onize the oropharynx. gastrointestinal tract. and genilourinary
tract. Most members of this group are organisms with relatively
low virulence potential (the exception is 8. pneumoniae); however.
some species are able to adhere to damaged heart valves and
produce a subacute form of endocarditis. Most infected patients

eitfier fave poor oral fiverene or develop disease (Ofowing a
dental procedure.
MM5 251-252

204 (B) Formaldehyde. Mycobacteria and spores are the
bacteria most resistant 1o chemical killing.; only formaldchyde
and glutaraldehyde can reliably kill these organisms. Hydrogen
peroxide and chlorine compounds can kill mycobacteria and
some spores. Alcohol and phenolics have poor activity against
spores: iodophors and qualernary ammonium compounds are
not active against spores and have little or no activily against
mycobacteria.

MM5 89-91

205 (D) Polyribitol phosphate. The major virulence factor
in H. influenzae type B is the antiphagocytic polysaccharide
capsule that contains ribose, ribitol, and phosphate {commonly
referred to as polyribitol phosphate or PRP). Antibodies directed
stimulate phagocytosis  and
complement-mediated bactericidal activity. The use of PRP-

against the capsule greatly
based vaccines has virtually eliminated meningitis, epiglottitis,
and cellulitis diseases in children. The first vacecines were inef-
fective in children younger than 18 months because the immune
response to polysaccharide antigens is immature in very young
children. By conjugating the PRP to a protein carrier, however,
the vaccine was effective in children as young as 2 months.
MM5 367-369

206 (A) Chicken. More than hall of all Campylobacter infec-
tions are caused by consumption of improperly cooked chicken.
Chicken and other lowl are important reservoirs for these
bacteria.

MM5 350

207 (A) Borrelia burgdorferi. This woman's symptoms are a
classic description of erythema migrans, a rash that develops in
the primary stage of Lyme disease, The rash initially develops at
the site of the tick bite. The rash will disappear after a few weeks,
and other transient lesions may subsequently appear. I is
common to have no history of a tick bite at the time of presen-
tation because the most common stage ol the hard tick is the
nymph stage where the tick vector is the size ol a poppy sced. A
spider bite would have a more aggressive stage ol development
with localized necrosis. L. interrogans infections may be associ-
ated with a disseminated rash but not with a localized skin lesion
as in the patient, S, schenckii infections are characterized by sub-
cutaneous nodules that develop along the lvmphatics with
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subsequent necrosis and ulcer formation of the overlying skin. T,
mentagrophyte infections may present with similar symptoms,
but the sysiemic symptoms would be absent.

MM5 198-201

208 (B) Inhibition of phagosome/lysosome fusion, An
important virulence factor in Neisseria gonorrhoeae is a lamily of
ouler membrane proteins (Por proteins} that form pores or chan-
nels for nutrients to pass into the cell and waste products to exit.
One of the proteins, PorB, is also important for the intracellular
survival ol N. gonorrhoeae, PorB proteins interfere with degran-
ulation of neutrophils by preventing phagosome/lysosome
fusion.

MM5 198-201

209 (A) Bartonella henselae. The presentation of this infec-
tion is consistent with cutaneous bacillary angiomatosis caused
by cither B. henselae or B. guintana. The differential diagnosis
includes Kaposi's sarcoma and pyogenic granuloma. The defini-
tive diagnosts is contirmed with the results of the Gram stain and
culture,

MM5 397-398

210 (B) Erythromycin. [Lrythromycin  belongs to the
macrolide class ol antibiotics. They exert their antibacterial
effect by binding to the 308 ribosome and blocking polypeptide
elongation. Tetracycline also inhibits protein synthesis by
binding 1o the 30S ribosomal subunit, which interferes with
peptide chain elongation. Ciprofloxacin disrupts DNA replica-
tion; imipenem interferes with synthesis of the peptidoglycan
laver ol the cell wall; and rifampin inhibitis the initiation of RNA
synthesis,

MM5 210

211 (B) Corynebacterium diphtherige. This patient's dis-
ease is respiratory diphtheria. which is characterized by an
abrupt onset of malaise, a sore throat, exudative pharyngitis,
and a low-grade fever, A firm, adherent pseudomembrane con-
sisting ol bacteria, lymphocytes, plasma cells, and fibrin will
develop over the tonsils and adjacent structure, B. pertussis, N.
gonorrhoeqe, and 8. pyogenes can produce pharyngitis, but none

of these organisms are associaled with pseudomembrane for-
mation. 8. aureus is not a common cause ol pharyngitis.
MM5 282

212  (E) Outer membrane. The cell wall structure of gram-
negative bacteria differs from the structure of gram-positive
bacteria. For gram-negative bacteria, the peptidoglycan layer is
thin and is surrounded by an outer membrane. Pores in the outer
membrane regulate the transport of nutrients. metabolites, and
other factors into and oul of the bacterial cell, Both gram-
positive and gram-negative bacteria have a cytoplasmic mem-
brane. The endoplasmic reticulum, Golgi apparatus, and nuclear
membrane {surrounding a defined nucleus structure) are found
only in eukaryotic cells and not in bacterial prokarvotic cells.
MMS5 13-17

213 (D) Erythromycin. Erythromyecin has been demon-
strated to reduce infectivity and symptoms in infected patients
and to protect those who have immediate contact with active
cases. Ampicillin has in vitro activity against B. pertussis but is
ineffective in vitro. Likewise. in vitro data indicate that B. per-
tussis is susceptible to ciprofloxacin, but no clinical data have
been collected. Doxycycline has been used with limited success
to treat pertussis. but no data exist for the use of this drug for
prophylaxis. Vancomycin is ineffective in vitro or in vivo against
Bordetella,

MM5 381

214 (E) Streptococcus mutans, This patient most likely has
subacute bacterial endocarditis. which is characterized by an
indolent onset and vague symptoms ol poor health developing
over weeks 1o months. S. mutans is a member of the viridans
group of streptococci and is a normal resident of the upper res-
piratory tract. It has the ability to adhere to the surface of teeth,
as well as damaged heart valves. It is recognized that patients
with preexisting damaged heart valves (e.g.. rheumatic heart
disease) are at significant risk for developing valvular infections
unless prophylactic antibiotics are administered before dental
procedures. The other organisms listed in the answers to this
question are members of the upper respiratory tract and could
theoretically be responsible lor endocarditis. owever, C. albicans
is an uncommon cause of endocarditis; S. aureus is more com-
monly associated with a rapidly developing course of disease
(i.e.. acute endocarditis); S. epidermidis is associated with sub-
acute diseases bul those typically involving a surgical cardiac
procedure: and S. prewnmoniae is an uncommon cause of endo-
cardilis and almosl always presents in an acute form.

MM5 251-252

215 (B) Inhibition of phagosome/lysosome fusion. M.
tuberculosis is an intracellular pathogen. In contrast with most
phagocylized bacteria, M. tuberculosis prevents fusion of phago-
somes with lysosomes by blocking the specific bridging molecule
(early endosomal autoantigen 1 or EEA1). At the same time,
the phagosome is able to fuse with other intracellular vesicles,
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permitting access to nutrients and facilitating intravacuole repli-
cation. Other bacteria that inhibit phagolysosome fusion include
Legionella and Chlamydia,

MM5 198-201

216 (E) No antibiotic. The most likely cause of this food poi-
soning is Staphylococcus aiereus, Staphylococeal lood poisoning is
produced by preformed toxins present in food. Viable bacteria
may not be in the food at the time it is consumed because reheat-
ing the food alter preparation can kill the staphylococci without
affecting the heat-stable toxin or its activity. For this reason.
antibiotic therapy would not alter the clinical course of this con-
dition and is not recommended.

MMS5 229-230

217 (B) Erythromycin. This child has inclusion conjunctivi-
tis caused by Chlamydia trachematis. The infection is acquired at
birth during passage through an infecied birth canal. After a 2-
to 3-week incubation period, the infant develops symptoms as
described in this case, Pneumonitis may also develop. C. tra-
chomatis lacks a peptidoglycan layer in the cell wall, so beta-
lactam antibiotics (e.g., penicillin, imipenem) are ineffective in
treating infections caused by this organism. Erythromycin and
newer macrolide antibiotics (e.g., azithromycin) are the drugs of
choice lor treating this infection. Tetracyclines are not recom-

mended for infants, and resistance has been found against
this antibiotic, as well as against the tluorogquinolones (e.g.,
ciprolloxacin).

MM5 467, 469-470

From Morse S et al: Atlas of sexually transmitted diseases and
AIDS, ed 3, St Louis, 2003, Mosby.

218 (B) Inhibition of phagosome/lysosome fusion. L. pneu-
mophila organisms are facultative intracellular pathogens that
can multiply in alveolar macrophages and monocytes. After
phagocytosis, fusion with lysosomes is inhibited. The bacteria
replicate in the phagosomes, produce proteolytic enzymes. phos-
phatase, lipase, and nuclease. which eventually kill the host cell
when the vacuole is lysed.

MM5 198-201

219 (E) Nasopharyngeal aspirate. Bordetella pertussis is a
labile organism that is susceptible to drying or delays in process-
ing the specimen for culture. The organism also is fastidious and

requires media that are supplemented with charcoal, starch.
blood, or albumin to absorb toxic fatty acids; with nicotinamide:
and with antibiotics to inhibit organisms normally present in the
upper respiratory tract. The nasopharynx is moist and relatively
devoid of normal flora compared with the oropharynx. Com-
parative studies have shown that a washing ol the nasopharynx
is the best specimen for recovery of B. pertussis. Cough plates
were used historically. but these are insensitive and a potentially
hazardous method for specimen collection. Expectorated and
induced sputa are also insensitive because B, pertussis is confined
to the ciliated cells of the upper airways. Dissemination of Bor-
detella in the blood does not occur, so blood cultures are not
useful for this diagnosis.

MM5 380-381

220 (B) Escherichia coli. The baby has early onset meningi-
tis (i.e., disease developing within 7 days of birth), and the two
most common organisms responsible for this disease are group
B Streptococcus and Escherichia coli. The organism’s hemolytic
properties and ability to ferment lactose in MacConkey agar are
consistent with £, coll. The most common E. coli strains respon-
sible for neonatal meningitis possess the K1 capsular antigen.
This serogroup is also present in the gastrointestinal tract ol
many pregnant women. E, cloaceae and K. pneumoniae are both
lactose-fermenting gram-negative rods; however, neither organ-
ism is a common cause of meningitis. S. typhi is a member of the
family Interobacteriaceae (as are E. coli, E. aerogenes, and K.
priewmnoeniae) but fails to ferment lactose, Therelore, S, (yphi
organisms will appear as colorless colonics on MacConkey agar.
P acruginosa is a nonfermentative organism in the lamily
Pseudomondaceae, and organisms will also appear as colorless
colonies on MacConkey agar.

MM5 327-328, 337

221 (A) Spore formation is an important feature of these
organisms. The ability to form spores allows Clostridium
organisms 1o survive in the environment under the harshest of
conditions, Botulinum toxin prevents the release ol the neuro-
transmitter acetylcholine, leading to a flaccid form of paralysis (in
contrast with tetanospasm that blocks release ol neurotransmit-
ters for inhibitory synapses, leading to spastic paralysis). Human
discase has been associated with four ol the seven types of botu-
linum toxin, so multiple episodes of botulism can occur. C. per-

Jringens has not been associated with tetanus. and metronidazole

or vancomycin should be used to treat C. difficile infections. Clin-
damycin is associated with the development of C. difficile disease.
MMS5 401

222 (C) Clostridium botulinum. This case describes a some-
what unusual outbreak of infant botulism because none of the
children had a history of ingestion of honey or other contami-
nated food products. They lived in an area where constru-
ction was underway, however, and they were exposed to dust
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contaminated with C. botulinum spores. The diagnostic clue in
these cases was the clinical presentation of the infants, Botulism
should be suspected in infants that are less than 1 year of age
and who are constipated and have weakness in sucking, swal-
lowing, or crying. Progressive muscle weakness and respiratory
failure are symptoms of advanced disease. All of these infants’
symptoms were effects of the botulinum toxin that blocks neu-
rotransmission at peripheral cholinergic synapses by preventing
release of the neurotransmitter acetylcholine.

MM5 409-410

223 (C) Culture in tissue culture cells. This infant has
pneumonitis caused by Chlamydia trachomatis. Although infected
al the time of birth, infants generally develop signs and symp-
toms of disease 1 to 2 months later. Characteristic of this infec-
tion is the "staccato pattern” of the cough. A history of infection
in the mother would also be helpful in developing the differen-
tial diagnosis. Chlamydia is an intracellular pathogen, restricting
growth in nonciliated columnar, cuboidal, or transitional epithe-
lial cells found on mucous membranes of the urethra, endo-
cervix, endometrium, fallopian tubes, anorectum, respiratory
tract, and conjunctiva, A variety of in vitro grown tissue culture
cells will support the growth of this pathogen (e.g.. Hela, McCoy,
BHK-21, buffalo green monkey kidney cell), but the organisms
will not grow on cell-free media (e.g., blood, chocolate, or
Thayer-Martin [medium [or Neisseria gonorrhoeae] agars), The
organism lacks the peptidoglycan layer, so Gram stains of dis-
charge or infected tissues would not be helpful. The serological
response would develop in an adult but not an infant. No urine
antigen test has been developed 1o date. Direct immunofluores-
cent (DFA) tests and enzyme-linked immunoassays (ELISAs)
have been developed but are generally less sensitive than culture.
MM5 467-469

From Morse S et al: Atlas of sexually transmitted diseases and
AIDS, St Louis. 2003, Mosby.

224 (A) Use of exogenous thymidine. The sulfonamides are
antimetabolites that compete with p-aminobenzoic acid (PABA),
thereby preventing the synthesis of the folic acid required by
some organisms. This inhibition blocks the [ormation of thymi-
dine. some purines, methionine, and glycine, The enterococei are
able to use exogenous thymidine and are therefore intrinsically
resistant to the sulfonamides.

MM5 211-212

225
lever caused by Borrelia recurrentis. This disease is spread person-
lo-person by infected lice, with humans the only reservoirs. The
louse ingests the B. recurrentis during a blood meal, and the bac-
terta multiply in the hemolymph of the parasite. Infection is
transmitted when the louse is crushed on the skin surface (bac-
teria are not present in the saliva or feces of the lice). Fleas, mites,
and mosquitos are not infected with B. recurrentis. Soft ticks are
the vectors of endemic relapsing fever, and hard ticks are the
vectors of Lyme disease.

MM5 435-436

(C) Louse. These soldiers have louse-borne relapsing

226 (A) Ampicillin. Ampicillin used either alone or com-
bined with gentamicin is the treatment of choice for Listeria
infections. Resistance has been reported for the other antibiotics
listed in the answers to this question.

MM5 276

227 (B) Pseudomonas aeruginosa. This patient has malig-
nant otitis externa. External ear infections caused by P aerugi-
nosa have two dramatically different presentations: swimmer's
ear and malignant otitis externa. Swimmer's ear occurs in a
moist setting {c.g., associated with swimming or a humid envi-
ronment) and is characterized by an itchy or painful ear with dis-
charge. This is generally ireated with agents to dry the car and
antibiotic-containing otic solutions. Malignant otitis externa is a
much more serious progression of swimmer’s ear, with exten-
sion and destruction of the underlying bony structures. This is a
condition seen most commonly in the elderly with diabetes, The
other organisms listed in the answers to this question are asso-
ciated with middle car infections but not the progressively
destructive infection described in this question.

MM5 360-362

228 (Q) Clinical clues of anaerobic infections include a
wound with foul odor, gas in the tissue, and presence of a sinus
tract with sulfur granules. B. fragilis colonizes the colon but not
the pharynx. Specimens submitted for anaerobic culture should
not be contaminated with the patient’s normal flora; thereflore
midstream urine sample is not an acceptable specimen for anaer-
obic culture. Peptostreptoccous and other anaerobic gram-positive
cocct are always susceptible to penicillin. Actinomyees is a gram-
positive, non—spore-forming rod.

MM5 421

229 (D) Mycoplasma pneumoniae. M. pneumoniae will not
grow on the routine media used for blood and sputum cultures
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because it requires sterols (present in serum), nucleic acid pre-
cursors (present in yeast extract), and glucose. The negative
Gram stain is consistent with the diagnosis because this bac-
terium lacks a cell wall. C. pnewnmoniae is a strict intracellular
pathogen thal can only grow in cell cultures. K. pneumoniae and
S. pneumontiae are typically recovered in blood cultures and can
grow on the media used for sputum cultures. L. preumoniae
grows only on media supplemented with L-cysteine and iron
(e.g.. BCYT agar) and would not be recovered on the medium
used for growing M. pretimoniae.

MMS5 443-447

230 (D) Mobiluncus. Bacterial vaginosis is a polymicrobic
infection. A key organism observed in specimens collected from
infected women is Mobiliwncus. The organism is a curved gram-
positive rod that typically stains gram-negative or gram-variable.
Actinomyees is a gram-positive rod that can cause pelvic actino-
mycosis bul not vaginosis, Bacteroides and, less commonly. Pre-
votella can cause pelvic abscesses but not vaginosis. Lactobacillus
is normally present in the vagina. When the bacterial flora is dis-
rupted as in vaginosis, these bacteria decrease in numbers,
MMS5 419

—

231 (A) Bacteroides fragilis. This patient has septic throm-
bophlebitis caused by B. fragilis, The organism was introduced
most likely at the time the catheter was inserted and was able to
grow in the blood vessel wall. Keys to the identification of the
organism are that this is a strict anaerobe (does not grow aero-
bically) and typically appears as a pleomorphic rod. E nucleatum
is also an anaerobic gram-negative rod. but it typically appears
as a thin, fusilorm-shaped rod. C. fetus is microaerophilic
(requires an atmosphere with a low concentration of oxygen and
carbon dioxide). ¢, fetus can cause septic thrombophebitis. E.
cloacae is a facultative anacrobe; P aeruginosa is a strict aerobic
bacterium. Both [, ¢loacae and P aeruginosa can cause septic
thrombophlebitis, but both would grow aerobically.

MM5 423-425

)

7

232 (D) Staphylococcus epidermidis. S. epidermidis and
other bacteria living on the skin can colonize the surface of the
eves. Generally, the bacteria are in small quantities and produce
no pathology. Trauma to the eve or the presence ol a foreign
body, however, can introduce the bacteria into the deeper eye
tissues and progress to disease. The other bacteria listed in this
question (E. coli. B aeruginosa, S, awrens, and S. pneumoniae) can
occasionally colonize the eye surface transiently but are more
commonly associated with significant eye disease. Recovery of
these organisms in a culture of the eve should be considered
significant.

MMS5 84

233 (B) Campylobacter fetus. Most species of Campylobacter
have been recovered in blood cultures, but this type of culture is
the most common source for C. fetus. In contrast with the other
Campylobacter species, C. fetus is an uncommon cause of gas-
troenteritis. Diseases associated with C. fetus include bacteremia.
endocarditis, and septic thrombophlebitis. C. fetus infections are
most common in debilitated and immunocompromised patients.
such as those with liver disease, diabetes mellitus. chronic alco-
holism, or malignancies. With the exception of C. fetus, all of the
Campylobacter species listed in this question are thermophilic;
that is, they prefer to grow at 42°C.

MMS5 347-351

234 (C) Mycobacterium haemophilum. All of the organisms
listed in the answers to this question are acid-fast and have been
associated with infections in ALDS patients. M. chelonae, N. aster-
oides. and R. equi all should grow within the first week of incu-
bation on both bacterial and mycobacterial media. M. avium is
a more slow-growing organism, but growth should also be
observed within the first month of incubation. M. haemophilum
can grow only on media supplemented with hemin and prefers
incubation at cooler temperatures; hence these are the reasons
the nodules were superlicial.

MM5 307
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235 (E) Pasteurella multocida. P multocida is normally

present in the mouths of cats and dogs. Human infections result
from getting a deep bite or scratch, developing superficial con-
tamination of an open wound, or sharing food with animals.
Human disease can present as described in this girl's case or can
be manifest as exacerbation of a chronic respiratory infection or
as a systemic infection in an immunocompromised patient. The
propertics that are somewhat unique for this gram-negative bac-
terium is the poor growth on MacConkey agar and the suscepti-
bility to penicillin, B. melitensis, E tularensis, and H. influenzae will
not grow on blood agar. and E. coli will grow on MacConkey
agar.

MM5 374-375

236 (B) Lipid A. One of the most important virulence factors
m gram-negative bacteria is endotoxin activity in lipopolysac-
charide (LPS). which is localized in the outer membrane of the
cell wall. LPS consists of polysaccharides covalently bound 1o
@ phosphorylated glucosamine disaccharide backbone with
attached fatty acids (referred to as lipid A). Lipid A is the com-
ponent of LPS that mediates endotoxin activities, including
Saduction of fever and release of cytokines. such as tumor necro-
85 factor alpha (TNF-w). interleukin-1 (I1-1), and -6,
Although LPS is found in most gram-negative bacteria. it is not
Seesent in gram-positive organisms, The core polysaccharide and
* antigens arc the polysaccharide components of LPS. These

ieve as antigenic markers for gram-negative bacteria but do not

endotoxin activity. Lipoteichoic acids are polymers of chem-
scally modified ribose or gyleerol connected by phosphates. These
molecules are anchored in the cytoplasmic membrane. The pep-
Sdoglycan layer is the major structural component of the bacte-
rial cell wall. Both lipoteichoic acids and peptidoglycans can be
released from the bacterial cell wall and stimulate toxin-like
pyrogenic responses. but these activities are distinet from the
activily ol endotoxin.

MM5 16-22

237 (Q) Eikenella. The organisms listed in the answers to this
question are referred to as the HACEK bacteria, alter the
first letters of the genus names. All are normal residents

)y
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of the human oropharynx and can cause subacute bacterial
endocarditis. The clinical presentation of disease caused by
cach organism is similar. so blood cultures are required to
malke a definitive dingnosis. Fikenella is a facultative anaerobe and
is capable of growth on blood and chocolate agars but does not
grow well on MacConkey agar. The organism is able 1o pit or
corrode agars and produces a characteristic bleach-like odor.
MM5 320-321

238 (B) Resistance to aztreonam, cephalothin, ceftazidime,
and piperacillin; susceptibility to cefoxitin, imipenem, and
piperacillin-tazobactam. Strains of gram-negative rods, particu-
larly Klebsiella and Escherichia, that have ISBLs have an altered
beta-lactamase  with an extended spectrum. These beta-
lactamases are able to inactivate all penicillins, cephalosporins.
and aztreonam, Beta-lactam antibiotics that are not inactivated
by these beta-lactamases include cephamycins (e.g., cefoxitin),
carbapenems {¢.g,, imipenem), and combinations of penicilling
with beta-lactamase inhibitors {piperacillin-tazobactam).

MM5 204-206

239 (D) Filtration through a 0.45-mm filter. Campylobacter
organisms are thin bacteria (0.3 to 0.6 um in diameter) and are
difficult to detect by microscopy. Although Campylobacter fetus
was originally isolated in blood. the enteric Campylobacter species
were discovered when stool specimens were processed for enterie
viruses. The specimens were filtered through bacteriologic filters
and then cultured on monolayers of cells. After overnight incu-
bation. the bacteria were observed. This technique is still used for
some selected strains of’ Campylobacter species that fail to grow
on common isolation media for these enteric pathogens. Once
these bacteria were isolated, special culture media were devel-
oped for their isolation. It was also appreciated that these bacte-
ria are microacrophilic and that some of the more important
species grow best at 42°C. BCYE medium was originally devel-
oped for Legionella and is now used for a variety of fastidious bac-
teria (but not for Campylobacter). McCoy cells are primarily used
for the isolation of Chlamydia. Thioglycolate broth is an enrich-
ment broth used for the recovery ol anaerobes. Diflerential
centrifugation has not been used for processing microbiology
specimens.

MM5 347-350

240 (A) Enterococcus faecalis. Although Staphylococeus is
the most common cause ol surgical wound intections. the Gram
stain and negative catalase reaction are inconsistent with this
diagnosis (staphylococci are catalase-positive. gram-positive
coccl arranged in clusters). S. pyogenes can cause wound infec-
tions, but these organisms typically appear as long chains of
gram-positive coccl. Both 8. pnewmnoniae and E. faecalis appear as
gram-positive coccl in pairs and short chains: however, S. pren-
moniae is not a likely cause of surgical wound infections. The
proximity of the surgical site to the perianal area is also consis-
tent with contamination ol the wound with I, fuecalis.

MM5 259-262
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241 (D) Streptomycin. This patient is infected with Yersinia
pestis and has a classical presentation of bubonic plague. Y. pestis
is a zoonotic infection with humans as the accidental host. The
disease is maintained in squirrels, rabbits, rats, and domestic
cats, with fleas serving as the vector. When the natural reservoir
dies, the infected [leas will bite either other reservoir hosts or
humans. The bacterium in humans travels to the regional lymph
nodes and replicates, producing the enlarged lymph node or
bubos characteristic of this infection. Plague is characterized by
a rapid onset of symptoms. extremely painful bubos. and high
mortality unless appropriately treated. The drug of choice
remains streptomycin, although alternative treatment includes
administration of tetracycline, chloramphenicol, or trimetho-
prim/sullamethoxazole.

MMS5 334-335

242 (A) Antibiotic resistance. Enterococci have a limited
potential for causing disease. They do not possess potent toxins,
and the importance of their hydrolytic enzymes (e.g., cytolysins,
gelatinase) is not well defined. The most important lactor that
affects their virulence is their resistance to many antibiotics,
This is particularly true lor Enterococcus faecium, which is resist-
ant to most beta-lactam antibiotics and commonly resistant (o
vancomycin.

MM5 259-262

243 (E) Staphylococci that are resistant to oxacillin are
resistant to all penicillins, cephalosporins, and carbapenems.
Resistance to oxacillin is mediated by alterations in the PBPs in
the bacterial cell wall. This change also renders the bacteria
resistant to all penicillins, cephalosporins, and carbapenems.
The other answers to this question are incorrect because the
enterotoxin is heat-stable; clostridia are responsible for gas gan-
grene; staphylococcal scalded skin syndrome is primarily seen in
neonates; and coagulase-negative staphylococcal inlections are
typically slow to develop and have a chronic course.

MM5 234-235

244 (C) Haemophilus influenzae. Many of the Haemophilus
species are opportunistic pathogens. The identity of this H.
influenze organism is determined by the inability to grow on
blood agar and the requirement for both X (hematin) and V
(NAD) factors. H. parainfluenzae and H. aphrophilus do not require
X factor, and H. aphrophilus and H. ducreyi do not require V factor.
Although X and V factors are present in intact erythrocytes, the
blood cells must be lysed (“chocolatized”) to release the factors
and inactivate the inhibitors of V factor present in the blood
agar. M. catarrhalis can cause exacerbations of COPD but would
appear as gram-negative diplococei on Gram stain and grow on
both bleod and chocolate agars.

MM5 367-369, 372-375

245 (C) Lung aspirate. Because most angaerobic infections
are endogenous, care must be used to avoid contamination of the
clinical material with a patient’s endogenous bacterial flora. For
that reason. certain specimens are unacceptable for anaerobic

culture. Catheterized urines and urethral swabs can be contam-
inated with the bacieria in the urethra, expectorated sputum
with bacteria in the oropharaynx, and rectal swabs with bacte-
ria in the intestines. A lung aspirate that avoids oral contamina-
tion is the specimen of choice for the diagnosis of an anaerobic
pleuropulmonary infection.

MM5 483

246 (C) P1 adhesin protein.
adheres to the respiratory epithelium by means of a specialized
terminal protein attachment [actor called P1. This adhesin
protein binds specifically with glycoprotein receptors at the base
of cilia on the epithelial cell surface, producing ciliostasis and

Mycoplasma  preumoniae

then causing destruction of the ciliated epithelium. The organ-
ism also acts as a superantigen, stimulating inflammatory cells
to migrate to the respiratory tree and release cytokines. Endo-
toxin is found only in gram-negative bacteria. Exotoxin A is an
important virulence factor in Pseudomonas and is responsible for
blocking protein synthesis. Phospholipase C is present in many
virulent bacteria. This enzyme breaks down lipids and lecithin.
leading to tissue destruction. Tracheal cytotoxin is produced by
Bordetella pertussis. [t is a peptidoglycan fragment that acts like
the P1 adhesin, binding to ciliated epithelial cells, which leads to
their death.,

MMS5 443-447

247 (E) Tetracycline. Tetracyclines inhibit protein synthesis
by binding to the 308 ribosomal subunits, thus blocking the
binding of aminoacyl-tRNA to the 308 ribosome/mRNA
complex. Ciprofloxacin disrupts DNA replication by binding to
the alpha subunit of DNA gyrase. Erythromycin binds to the 508
ribosomal subunit and blocks polypeptide elongation. Imipenem
disrupts synthesis of the peptidoglycan layer in the bacterial cell
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wall. Rifampin binds to DNA-dependent RNA polymerase and
inhibits the initiation of RNA synthesis.
MM5 209-210

248 (E) Peptostreptococcus. Peptostreptococcus, as well as
other gram-positive cocci and Propionibacterium. are found on
the skin's surface, but the other genera listed in the answers to
this question do not survive on the skin. Actinomyces is primarily
found in the oropharynx, intestines. and genitourinary tract.
Bacteroides and Bifidobacterium are primarily found in the colon.
Fusobacterium is found in the oropharvnx and intestines.

MM5 415-416

249 (A) Endocarditis: blood culture. Endocarditis is an
infection of the inner surface of the heart, As such. the involved
area is continuously washed with blood, so it is expected that
infected patients would be persistently bacteremic. Food poison-
ing is an intoxication with a toxin that was produced in a food
product before consumption. The organism may be present in
the food but is typically not found in stool specimens. If S, qureus
were present in a stool specimen, it would not be known if its
presence represents previous colonization of the patient with
this organism or a more significant finding. Impetigo is a local-
ized cutaneous infection. Although bacteremia could be present,
the diagnostic test of choice is culture of the involved cutaneous
site. Scalded skin syndrome and toxic shock syndrome are both
mediated by toxins that spread in the blood to distal sites. The
diagnostic test for these two infections would be to culture the
site where the infection is localized, such as a wound (which
might appear minor) or the vagina,

MM5 228-233
hard

250 (A) Borrelia burgdorferi, 1. is a

tick responsible for transmitting Borrelia burgdorferi. the agent

scapularis

responsible for Lyme disease, as well as transmitting organisms
responsible [or babesiosis and relapsing lever. Hard ticks have
three periods of feeding: larva, nymph, and adult phases. Most
infections in humans are caused by the nymph stage that is small
and rarely observed during the feeding stage. Transmission of
the other bacteria listed in the answers to this question is by
direct contact with the bacterium (L. interrogans), with a flea (Y,
pestis), with a body louse (R. prowazekii), and with a mosquito (P
Jalciparum).

MM5 433-437

251 (D) Lactobacillus. This immunocompromised man is
bacteremic with Lactobacillus, a normal resident in the stomach
and upper small intestine, Infections with this organism have
been reported with increasing frequency since 1990, Patients
most susceptible to infections with this organism include women
who have just given birth, immunocompromised patients (par-
ticularly those with disruption of the lining of their gastro-
intestinal tract), and patients with a preexisting heart disease.
Lactobacillus strains are either strictly anaerobic or facultatively
anacrobic and are commonly resistant o vancomycin, The
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vancomycin resistance dilferentiates Lactobacillus [rom the other
organisms listed in the answers to this question.
MM5 420

252 (E) Streptobacillus. This paticnt has rat-bite fever
caused by Streptobacillus moniliformis. The clinical picture of
[evers, myalgias. and arthralgias is consistent with this diagno-
sis. In addition. S. moniliformi is a poorly staining. pleomorphic
rod that bulbous
swellings at the ends of the rods. The organism can grow slowly

gram-negative characteristically forms
in conventional blood cultures and from joint fluid if the fluid is
cultured on media supplemented with 15% blood. 20% horse or
call serum, or 5% ascites fluid (not commonly used for most bac-
terial cultures). Spirillwn minus can also cause rat-bite fever:
however, the organism has not been grown in culture. Diagno-
sis of Spirillum infections is made by darkfield examination of
blood, ulcer exudates. or lymph node aspirates. Blood smears can
also be stained with Giemsa or Wright stains. Leptospira infec-
tions can result from exposure to infectious rat urine {in a con-
taminated standing pool of water). Isolation of Leptospira
requires culture of the patient’s blood or urine on specially
enriched broth media f(ie. Fleicher, EMJI, or Tween 80-
albumin), and the organism is not detected in routine blood cul-
tures. Capnocytophaga and Eikenella infections have not been
associated with rat bites, Moreover, both of these organisms
would grow on conventional nonselective laboratory media.
MM5 399-400 :

253 (D) Slime layer. The slime layer is a loose layer of mono-
saccharides, peptides, and proteins that allow staphylococei to
adhere to synthetic surfaces such as catheters, shunts, and pros-
thetic devices, This layer is the major virulence factor found in
coagulase-negative staphylococci. The other virulence factors
listed in the answers to this question {i.c,, cytotoxins, entero-
toxing, protein A, and TSS1-1) are primarily found in Staphylo-
COCCUS QUIELS.

MM5 222-223

254 (A) Azithromycin. Resistance in N. gonorrhoeae has been
reported for penicillin, ciprofloxacin, and erythromyein. C. tra-
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chomatis is resistant to all cell wall active antibiotics, including
ceftriaxone and penicillin. Thus the macrolide azithromycin
remains the most active antibiotic againsi these two agents of
sexually transmitled discases.

MM5 319-320

255 (E) Polysaccharide capsule. The
capsule of B. fragilis protects the organism from phagocytosis

polysaccharide

and stimulates abscess formation. Cytotoxins and enterotoxins
are not prominent in this organism, the LPS molecule does not
have endotoxin activity (in contrast with acrobic gram-negative
rods). and metronidazole resistance has not been reported for
Bacteroides.

MM5 421-423

256 (C) Erysipelothrix rhusiopathige. The man's skin lesion
is typical of that caused by I rhusiopathiae. The Gram stain con-
firms the presence of this organism by showing gram-positive
rods that appear decolorized, which is typical of E. rhusiopathiae.
B. fragilis is a strict anaerobic organism and would not grow in
the aerobic cullure, P, aeruginosa is a strict aerobic organism and
would not grow in the anaerobic culture. . faecalis and S. pyo-
genes are gram-positive cocel and would not be mistaken for
I, rhusiopathiae on the Gram stain. B, fragilis. P aerugiiosa. and
S. pyogenes can all cause purulent wound infections,

MM5 276-277

257 (C) Inactivates EF-2 and prevents protein synthesis.
Diphtheria toxin is a classic A-B exotoxin. A receptor-binding
region and a translocation region reside on the B subunit,
and a catalvtic region is on the A subunit. The receptor for the
toxin is the heparin-binding epidermal growth factor that is
present on the surface of many cells. Attachment and trans-
location is mediated by the B subunit. The A subunit moves into
the cytosol and terminates host protein synthesis by inactivating
EF-2, a factor required for the movement ol peptide chains on
ribosomes.

MM5 196-197

258 (D) Polysaccharide capsule. The primary virulence
factor tound in 8. pneumoniae is the polysaccharide capsule. This
capsule protects the organism from phagocytosis.

MM5 252-254

259 (E) Urease production. Urinary tract pathogens must be
able to bind to the surface of the bladder and replicate. This
binding is mediated by specific pili. Dissemination from this
site is facilitated by other virulence factors. such as resistance to
serum killing and resistance to antibiotic killing. Endotoxin
production is also an importani virulence factor for gram-
negative bacleria but is not present in gram-positive bacteria.
A variety of organisms can produce infections in the kidneys
{i.e.. pvelonephritis). and a subset of these organisms can
cause stone (calculi) formation. These include Proteus mirabilis,

Morganella - morganii, Klebsiella pneumoniae, Corynebacterium
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urealyticum, Staphylococcus saprophyticus, and Ureaplasma ure-
alyticiom, One property these bacteria have in common is pro-
duction of urease. This enzyme is able to hydrolyze urea and
produce ammonia. The increased alkalinity lacilitates formation
ol stones.

MM5 193-201

260 (B) Leptospira interrogans. Leplospirosis is typically an
asymptomatic infection. For patients who develop clinically
apparent disease, the onset of symptoms generally develops 1 to
2 weeks after exposure to the bacteria. The initial presentation is
a flu-like illness with fever and myalgias. These may remit aller
1 week or progress to a more advanced disease. such as menin-
gitis or a generalized illness with headache, rash. vascular col-
lapse. thrombocytopenia, hemorrhage, and hepatic and renal
dysfunction. The reservoirs for Leptospira infections in humans
are rodents, particularly rats, dogs, and farm animals, The bac-
teria can colonize the renal tubules of infected animals and be
shed in urine. Human infections are most commonly acquired
by contact with contaminated water (e.g.. standing water, lakes).
MM5 438-441

261 (B) Enterotoxin A. Enterotoxin A is one of eight sero-
logically distinct, heat-stable enterotoxins described lor Staphy-
lococeus aureus. Enterotoxin A is most commonly associated with
staphylococcal lood poisoning. Because this disease is mediated
by ingestion of a preformed toxin. the incubation period after
ingestion of the contaminated food is only a few hours, and the
duration of disease is less than 24 h, S. aureus produces a varicty
of other toxins that mediate disease. Alpha-toxin is an example
of a cytotoxic toxin produced by this organism, This toxin is an
important mediator of tissue damage and is toxic for many cells
(¢.z., erythrocytes. leukocytes, platelets), but it doesnot produce
the clinical pictures described here. Leukocidin is also a cytotoxic
toxin, TSST-1 was originally described as an enterotoxin (entero-
toxin F) and is associated with diarrhea. Toxic shock syndrome
is characterized by multiorgan dysfunction, skin desquamation.
shock, and death. Two exfoliative toxins (A and B) have been
described, each of which can mediate scalded skin syndrome in
babies. These are serine proteases that split the intercellular
bridges in the stratum granulosum epidermis. Neither cytolysis
nor inflammation is present in the involved skin, so Gram stains
and culture are not useful.

MM5 223-226

262 (D) Peptidoglycan. A major component of the cell wall
of gram-positive and gram-negative bacteria is the peptidoglycan
laver. This layer consists of linear polysaccharide chains made up
of repeating disaccharides of N-acetylglucosamine and N-
acetvlmuramic acid, These polysaccharide chains are cross-
linked with peptide bridges (hence the origin of the term
peptidoglycan). The peptidoglycan of gram-positive bacteria is
many layers thick; gram-negative bacteria have a much thinner
peptidoglyean laver, Eukaryotic cells. such as fungi and protozoa,
do not have a peptidoglycan layer in their cell wall but do contain
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mitochondria, Golgi bodies, and an endoplasmic reticulum in
their cytoplasm. These structures are absent in prokarvotic cells.
[n addition. the ribosomal structure differs in these two groups

of organisms. The eukaryotic cell ribosome is 808 (composed of

408 and 608 subunits), and the prokaryotic cell ribosome is 708
tcomposed of 308 and 508 subunits).
MM5 13-15

263 (B) Inhalation. (.
animals, as well as ticks. Ticks are important vectors for animal
infections but much less commonly implicated in human infec-
tions. Most human disease is initiated by inhalation of the bac-
teria, C. burnetii is extremely stable. surviving in adverse
conditions lor many weeks 1o years, Human disease can [ollow
inhalation ol the bacteria from dried feces, urine, or placentas
left on the ground after parturition. Infections with this bac-
terium can also be acquired by consumption of contaminated.
unpasteurized milk, although this is uncommeon in the United

States. Mosquitos have not been implicated in transmission of

this bacterium, and C burnetii is not able to directly penetrate
unbroken skin.
MM5 460-462

264 (E) Giemsa stain of the ulcer exudate, This patient has
granuloma inguinale, a granulomatous discase affecting the
genilalia and inguinal area, The organism responsible for this
infection is Klebsielld (formerly Calymimatobacterium) granuloma-
tis. The organism has not been grown in cell-lree cultures, so the
diagnostic test ol choice is microscopic examination of exudates
stained with Giemsa stain. The organism appears as small rods
in the evtoplasm of histiocytes, polymorphonuclear leukocytes.
and plasma cells. A prominent capsule surrounds the individual
rods, Thayer-Martin medium is used for the isolation of Neisse-
ria gonorrhoeae; McCoy cells are used for the recovery of Chlamy-
din: MacConkey agar is a selective. differential medium for enteric

bacteria: and darkfield examination is used to detect Treponema
pallidum.
MMS5 335-336

Froth Morse SA et al: Atlas of sexually transmitted diseases and
AIDS, ed 3, 2003, Mosby.

Durnetii is found in a variety of
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265 (E) Serology. Laboratory confirmation of leptospirosis
is difficult. The organism is thin and cannot be seen on Gram
stain. Darkiield examination ol clinical specimens is very helpful
for a rapid diagnosis. but the test is insensitive and nonspecific
(e.g.. cell membrane fragments can be misdiagnosed as bacteria).
Culture of blood and cercbrospinal fluid can be positive during
the first week of clinical illness: however. special selective media
ie.g.. Fletcher, EMJH, Tween 80-albumin broths) must be inocu-
lated and held for up to 4 weeks. Culture of urine can be positive
alter the first week, and the bacteria can persist for weeks in this
specimen. This cullure, however, is also insensitive and time con-
suming. Most clinical infections are confirmed using serology
testing (i.e., indirect hemagglutination test, enzyme-linked
immunosorbent assay. microscopic agglutination test). These
tests are both sensitive and specific, with detectable antibodies
developing in the second week of illness (although some patients
may not mount a serologic response lor weeks into the illnessl.
MM5 438-441

266 (E) Peptidoglycan. The peptidoglvean is degraded by
the action of lysozyme on the glycan backbone. Without the
peptidoglycan, the bacteria are osmotically unstable and lyse.
Lysozyme is an enzyme present in human tears and mucus. so it
forms a natural line of defense against bacterial infections. The
enzyme has no effect on capsules (composed of either polysac-
charides or proteins), on the cytoplasmic (inner) membrane or
DNA present in all bacteria, or on the outer membrane present
only in gram-negative bacteria.

MM5 13-15

267 (B) Fitz-Hugh-Curtis syndrome. This patient has pelvic
inflammatory discase (PID} and clinical signs and symptoms of
perihepatitis. Teenage girls are at increased risk for PID, and this
risk is further increased by the use of douching, Acute peri-
hepatitis. Fitz-Hugh-Curtis syndrome. is characterized by the
abdominal pain, hepatic tenderness, and right upper quadrant
pain, This condition results from the direct extension of the bac-
leria from the fallopian tubes to the liver and peritoneum, where
adhesions [orm. This diagnosis can be confirmed by laparoscopy.
Hepatic involvement is confined primarily to the surface of the
liver and does not invalve hepatic abscess formation. High levels
of endotoxin may be found in systemic N. gonorrhoeae infections,
but this endotoxin is not responsible for the localized symptoms
reported for this patient. Reiter's syndrome is an immune-
mediated reactive arthritis that has been associated with ure-
thritis caused by Chlamydia trachomatis. Toxic shock syndrome is
a multiorgan systemic disease primarily caused by toxin pro-
duced by Staphylococcus aureus.

MM5 315-316

268 (D) Blocks release of the neurotransmitter acetyl-
choline. The botulinum toxin is similar in structure and function
to the tetanus toxin, differing only in the target neural cell. Bot-
ulinum toxin is specitic for cholinergic nerves, blocking the
release ol acetylcholine at the peripheral cholinergic synapses,
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This leads to the symptoms described in the question and can
progress to bilateral descending weakness of the peripheral
muscles with tlaccid paralysis and then death attributed to res-
piratory paralvsis.

MM5 409

269 (B) Culture on anaerobic blood agar. This man has cer-
vicofacial actinomycosis caused by Actinomyces, which is an
anaerobic gram-positive rod. Although some strains may grow
slowly on aerobic media, anaerobic incubation is required for
reliable recovery of this organism. BCYE agar is used for the
recovery of Nocardia, as well as ol Legionella. Nocardia can resem-
ble Actinomyces morphologically but is not associated with a
disease presenting like the one described for this man. Tests lor
Cryptococeus and Histoplasma would also not be indicated here.
MMS5 418

270

(B) Bacteroides. Metronidazole is an agent that is pri-
marily active against gram-negative anaerobes, The only anaer-

obic bacterium listed in this question is

Bacteroides. Actinomyces, Clostridivm, and Peptostreptococcus are

gram-negalive

resistant to metronidazole. Meobiluncus is also resistant (o
metronidazole, although this organism is associated with bacte-
rial vaginosis, a discase routinely treated with metronidazole.
MMS5 211, 426

271 (A) Anaplasma phagocytophilum. A. phagocytophilum,
lormerly Enrlichia phagocytophila, is the etiologic agent of human
anaplasmosis (previously called human granulocytic ehrlichio-
sis). Clinically, it is difficult to differentiate A. phagocytophilum
infections trom Ricketisia rickettsii infections. although a rash is
less commeonly seen in A, phagocytephila infections. In addition,
licks are the vectors for A. phagocytophilum and R. ricketisii. the
etiologic agent of Rocky Mountain spotted fever. The observation
of intracellular bacteria (i.e., morula) in peripheral blood gran-
ulocytes is useful [or distinguishing between these two organ-
isms. Infected blood cells are observed more frequently with
human anaplasmosis than with monocytic ehrlichiosis, Despite
this positive result, the diagnostic tests of choice for anaplasmo-
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sis are nucleic acid amplification and serology. C. burnetii is a
related intracellular organism that causes infections most com-
monly by the airborne route (although ticks can be responsible
for some infections). B. microti and B vivax cause blood infections
but infect erythrocytes.

MM5 458-459

272 (O Measurement of anti-DNase B antibodies. Acute
glomerulonephritis is an immunologically based reaction Lo S.
progenes infection of the pharynx or skin. Antibodies develop 3
to 4 weeks after the initial infection. An elevated antibody titer
to streptolysin O (ASO} is observed in patients with a pharyngeal
infection but not in patients with a primary skin infection. Strep-
tolysin O is bound by cholesterol in the skin lipids. so it does not
stimulate an immune response in pyoderma. For these patients,
an antibodies against DNase B (anti-DNase B) test should be per-
formed. Two forms of streptokinase are produced by S. pyogenes,
but this does not appedr to be a sensitive or specific marker for
glomerulonephritis. Because the disease is an immunologic reac-
lion to strains producing pharyngitis or pyoderma, culture of
blood or urine is not helpful.

MM5 246-247

273 (B) Rhodococcus. Bacteria with medium- to long-chain
mycolic acids are able to stain with acid-fast stains, The length
of the mycolic acid chains influences the staining ability. For
example. mycobacteria have 60 to 90 carbon atoms in their
mycolic acid chains and typically stain with all acid-fast stains;
Gordonia, Nocardia, Rhodococeus, and Tsukamurella have shorter
chains (e.g.. 34 to 78 carbon atoms) and typically stain acid-last
only when weak acid/alcohol solutions are used (i.e., stain only
with modified acid-fast stains). Actinomyces and Streptomyces
form filamentons rods and are commonly confused with Nocar-
dia. In contrast with Nocardia, both of these organisms do not
retain acid-fast stains, Rothia and Tropheryma (the etiologic agent
of Whipple disease) are gram-positive rods or coccobacilli. These
organisms do nat have mycolic acids in their cell walls and do not
retain the acid-fast stain.

MM5 292-293

274 (C) Cell wall proteins. The composition of the mycobac-
terial cell wall is extremely complex. This property renders the
organisms resistant to most commaonly used antibacterial antibi-
otics and disinfectants and is responsible for the unique staining
properties of the organisms (i.c.. the acid-fast property). The
basic structure ol the cell wall is typical of gram-positive bacte-
ria; that is, the innermost layer is the cytoplasmic membrane.
overlaid with the thick peptidoglycan layer, and the absence of
the outer membrane found in gram-negative bacteria. The pep-
tidoglvcan layer consists of repeating subunits of N-acetyl-
glucosamine and N-acetylmuramic acid, cross-linked with a
tetrapeptide bridge containing D-alanine, L-alanine, D-glutamic
acid, and M-diaminopimelic acid. The extent of cross-linkage
determines the stability of the bacterial cell wall. Over the pepti-
doglycan layer is the arabinogalactan/mycolate layer. consisting
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of D-arabinose, D-galactose, and mycolic acids. Finally, the out-
ermost layer contains free polypeptides and a hydrophobic layer
of mycolic acids consisting of free lipids, glycolipids. and pepti-
doglycolipids. These lipids constitute 60% of the dry weight of
the cell wall. The peptide chains in the outermost layer consti-
tute 15% of the cell wall weight and are biologically important
antigens, stimulating the patient’s cellular immune response to
infection, Extracted, species-specific, purified proteins are used as
skin test antigens in the purified protein derivatives (PPD) test.
MM5 297-298

275 (D) Clostridium septicum. All of the organisms listed in
the answers Lo this question are gram-positive rods; however, I,
rhusiopathiae is not a genus that forms spores. B. anthracis and
B. cereus have not been associated with rapidly progressive
myonecrosis, so they should be excluded. Both C. perfringens and
C. septicum can produce a disease as seen in this patient: however,
C. perfringens can be excluded because it rarely produces spores
in clinical samples and in culture, In addition, C. septicum sepsis
has been associated with colon cancer, acule leukemia, and
diabetes.

MMS5 413

o .

276 (C) Nocardia. Of the organisms listed, Actinonices and
Streptomyces can be excluded because they are not acid-fast or
partially acid-fast. Actinomyees is also an anaerobic organism
(some strains are aerotolerant). so it would not be expected to
grow on bacterial (blood agar). fungal (Sabouraud), or mycobac-
terial (Middlebrook) media. The rapidly growing mycobacteria
can grow in 4 days in the three media in which this organism
was recovered: however. the mycobacteria do not develop an
orange color or aerial hyphae (filamentous growth extending
above the surface of the colony). The presence of aerial hyphae
also is not observed with Rhodococcus. This organism can also be
excluded because rhodococci appear as cocei or coccobacilli, not
branching filamentous rods. Nocardiae are the only partially
acid-fast organisms that produce aerial hyphae. They are not fas-
tidious organisms and can grow on most nonselective laboratory

media. The difficulty in recovering these organisms arises in their
slow growth, and they may not be visible on media at the time
the culture is discontinued. It is important to alert the laboratory
that Nocardia is considered in the clinical differential. so the incu-
bation of the culture can be extended to 5 to 7 days. Most infec-
tions with Nocardia begin as a localized disease in the lungs;
however, dissemination can oceur, most commonly to the central
nervous system or cutaneous sites.

MM5 287-292

277 (B) Brucella canis. B. canis is antigenically distinct from
the other Brucella species. B. abortus has the highest concentra-
tion of A antigen, and B. melitensis has the highest concentra-
tion of M antigen. The antigen used in the Brucella agglutination
test is from B. abortus. Antibodies directed against B, melitensis
or B, suis cross-react with this antigen: however, there is no
cross-reactivity with B. canis. Speciic B. canis antigen must be
used 1o diagnose infections with this organism.

MM5 383-386

278 (B) Pilin protein. N. gonorrhoeae organisms have pili
that extend from the cytoplasmic membrane through the outer
membrane. The pili are composed of pilin proteins. These pro-
teins have a conserved region that attaches to the cytoplasmic
membrane and a highly variable region that is exposed. The lack
of immunity to reinfection results partially from the antigenic
variation among pilin proteins and partially from the phase vari-
ation in pilin expression. Por proteins are porin proteins that
render N. gonorrhoeae resistant to serum killing and promote
intracellular survival. Opa proteins mediate binding to epithelial
cells, Rmp (reduction-modifiable proteins) stimulate antibodies
that block serum bactericidal activity, The transferrin-binding
protein is one ol three iron binding proteins present in N.
gonorrhoeae.

MM5 311-315

279 (D) Mycobacterium kansasii. Mycobacterial infections
in HIV-infected patients are a significant cause of morbidity and
mortality. In countries where both tuberculosis and HIV are
common (e.g,, Africa), tuberculosis is the most common cause
ol death in HIV-infected patients. Tuberculosis is a less com-
mon complication in HIV-infected patients in the United
States because of the relatively low incidence of tuberculosis,
However, infections with nontuberculosis mycobacteria are par-
ticularly common, The two most frequent mycobacterial isolates
are M. avium complex and M. kansasii. M. kansasii is a pho-
tochromogenic mycobacteria. That is, the organism produces
intensely yellow carotenoid pigments only afier exposure to
light. M. avium can appear pale vellow, but this coloration is not
induced by light exposure and is not as intense as that seen
in the chromogenic mycobacteria. M. haemophilum is not
pigmented and will not grow on Lowenstein-Jensen medium or
Middlebrook broth unless the media are supplemented with
hemin.

MM5 297-298, 305
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Irom Baren FJ, Peterson LR, Finegold SM: Bailey and Scott's
diagnostic microbiology ed 9, St Louis, 1994, Mosby.

280 (A) Capsule. This patient’s infection is caused by Bac-
teroides fragilis, Rapld tests that can be used for the preliminary
identification of this organism include demonstration of resist-
ance to kanamycin, vancomycin, and colistin (performed by sub-
culturing the colony onto anaerobic blood agar and placing the
antibiotic disks on the plate) and demonstrating enhanced
growth on media supplemented with bile. B. fragilis produces a
variety of virulence factors. The most important virulence factor
is the polysaccharide capsule, which is antiphagocytic. Purified
capsular polysaccarides can produce abscesses in experimental
animals. The organism does not have endotoxin because, in con-
trast with acrobic gram-negative rods, the Bacteroides glycolipid
that resides in the cell wall lipopolysaccharide has little or no
endotoxin activity. Fimbria is an important adhesion lactor. and
superoxide dismutase helps protect the Bacteriodes bacteria from
oxvgen loxicity. Phospholipase C is not found in Bacteroides.
MM5 421-426

281 (B) Blocks release of GABA. C. tetani neurotoxin
{tetanospasmin) is an A-B toxin. The B subunit binds to specitic
sialic acid receptors (e.g.. polysialogangliosides) and adjacent
glycoproleins on the surface of motor neurons. The intact toxin
is internalized in endosomal vesicles and transported in the
neuron axon to motor neuron soma located in the spinal cord.
In this location, the endosome becomes acidified, leading (v a
conformation change in the toxin. which allows transport of the
A subunit from the endosome to the cell eytosol. The A subunit
is an endopeptidase that cleaves core proteins involved in the
release ol inhibitory neurotransmitlers, specifically GABA.
MMS5 196, 406-407

282 (C) Streptococcus pneumoniae. The most common
organisms responsible for middle car infections are S. preunioniae
and Haemophilus influenzae (lypically nontypable strains). S.
aurens is a less common cause ol middle ear infections and typi-
cally has a more acute presentation. 2 aeruginosa is responsible
for otitis externa (swimmer's ear), as well as & more fulminant,
destructive ear infection called malignant otitis externa. 8.

BACTERIOLOGY-ANSWE‘RS

prjogenes is an unknown cause of middle ear infections and S.
salivarius, a member of the viridans group of Streptococcus, is
relatively avirulent and is not associated with otitis media.

MMS5 255-256

283 (E) Production of metallo beta-lactamase. Carbapenem
antibiotics (e.g.. imipenem. meropenem, ergopenen) dre potent
antibiotics thal are active against virtually all groups of organ-
isms, with only a lew exceptions (e.g., resistance has been
reported for all oxacillin-resistant staphylococci. selected Enter-
obacleriaceae and Pseudomonas, as well as some other gram-neg-
ative rods). Resistance to this class of antibiotics is most
commonly caused by production of metallo beta-lactamases,
MM5 207

284 (B) Darkfield examination. The patient presents with a
classic picture of primary syphilis. The genital ulcer is typically
painless unless a secondary bactertal infection is present. At this
stage of disease, the exudate from the ulcer is teaming with spiro-
chetes. Although darkfield examination is not commonly done in
clinical laboratories, this is the most sensitive test for detecting the
bacteria {sensitivity approaches 100%]. The reason the test is not
commonly performed is because primary syphilis is relatively
uncommon. and technologists have lost the skill in interpreting
the stains. The organism has not been cultured. so a culture
would not be useful. Likewise. the organism is too thin to be seen
on Gram stain, so this test should not be used. The VDRL is a non-
specific (nontreponemal) test for syphilis. Although the test is
very sensitive for secondary syphilis, the sensitivity for primary
syphilis is 73% Lo 80%. The FTA-ABS test is a specific treponemal
test that has a sensitivity ol approximately 85% lor primary
syphilis. This test also has a sensitivity of almost 100% for sec-
ondary and late syphilis.

MM5 430-433

From Morse § et al: Atlas of sexually transmitted diseases and
AIDS. ed 3, St Louis, 2003, Mosby.
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285 (A) Culture in Middlebrook broth at 30°C. This infection
is caused by Mycobacterivon marinum, The optimum temperature
G, Any
mycobacterial medium [e.g., Lowenstein-Jensen, Middlebrook

for growing this organism in culture is 30° to 33
agar, Middlebrook broth) will support the growth of this organ-
ism. It is important that the laboratory be notified that the infec-
tion is from a superficial site and that this specific mycobacterium
is in the differential diagnosis because M. marinum grows very
slowly or not at all at 37°C. Nocardia (which grows best on BCYE
agar] can cause an infection with this presentation. but con-
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taminated soil and not water would be the most likely source.
Sporothrix can also cause an infection such as the one in this
woman's case, butl that pathogen is most commonly associated
with trauma from contaminated garden soil rich in organic
material. Mycobacteria do not stain with the Gram stain, so this
stain would be an unreliable diagnostic tool,

MM5 305-308

286 (B) Cysteine-tellurite agar. Although C. diphtheriae can
grow on a variety of laboratory media (including sheep blood).
the reliance on nonselective media is not recommended because
the bacteria that are found normally in the oropharynx will
obscure C. diphtheriae, The best medium for the selective isolation
of this organism is cysteine-tellurite agar. Cysteine enhances
growth of the organism, and C. diphtheriae reduces tellurite,
l[orming dark gray colonies, C. diphtherige does not grow on
Bordet-Gengou agar ([or B, pertussis), MacConkey agar tfor
gram-negalive rods), or Thayer-Martin agar (used for the recov-
ery of N. gonorrhoeae).

MMS5 379-382

287 (E) Penicillin is the drug of choice for treating infec-
tions caused by Peptostreptococcus. Virtually all isolates are
susceptible to penicillin, Most anaerobic infections are poly-
microbic. involving a mixture of aerobic and anacrobic spe-
cles. Actinoniyees is associated with sinus tracks. and Clestridium
perfringens is associated with gas gangrene. Anaerobes rarely
cause UTIs,

MM5 415

288 (C) The organism is capable of producing heat-stable
enterotoxins. An important toxin-mediated discase caused by
Staphylococeus is food poisoning, which is caused by one of eight
types ol enterotoxing. The other answers to this question are
incorrect because of the lollowing explanations. Staphylococci
are arranged in clusters, not in pairs and chains. S, aurens is
coagulase-positive, a property that separates S. aureus from the
other staphylococcal species. The toxin responsible for rheumatic
tever does not have cytoloxic activity. PV leukocidin is associated
with fulminani necrolizing pneumonia and wound infections.
Extfoliative toxins are associated with scalded skin syndrome,
MMS5 225-226, 229-230
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289 (A) Abiotrophia. These organisms resemble streptococci

by their morpholugy and the absence of catalase aclivity.
Without growth supplements. these organisms fail (o grow on
blood agar media. The other organisms listed in the answers to
this question are all catalase-negative and resemble streptococci
in morphology: however, they all grow well on blood agar.

MM5 262

290 (D) Neisseria meningitidis. All of the organisms listed
in the answers to this question can cause meningitis. The clini-
cal picture, however, is consistent with bacterial meningitis. so it
is unlikely that C. neoformans would cause meningitis in a previ-
ously healthy person. Furthermore. the Gram stain is inconsis-
tent with Crypiococcus (a fungus). The most common causes of
meningitis in college students are N. meningitidis and S. pnetnno-
niae. N, meningitidis is a gram-negative diplococci with sides flat-
tened against each cocei, and S, pretmoniae is a gram-positive
diplecocci with the cells arranged end-to-end. The Gram stain
and clinical presentation for this patient is consistent with N.
meningitidis, H. influenzae is a gram-negative rod that causes
meningitis in unvaccinated children ages 3 months to 5 years.
L. monocytogenes is a gram-positive rod that causes meningitis in
the very young and the elderly.

MM5 216-217
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291 (C) Modification of DNA gyrase. Ciprofloxacin is a tluo-
roquinelone antibiotic. These antibiotics inhibit bacterial DNA
gyrascs or topoisomerases, which are required for DNA replica-
tion, recombination, and repair. Alteration of these enzymes
is the principal mechanism of bacterial resistance, although
decreased drug uptake has also been observed,

MMS5 210-211
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At an office visit. a 38-year-old man complains of jaun-

e dark urine, anorexia, abdominal pain, and malaise. Sero-

Logic tests are posilive for both HB.Ag and HB.Ag. Which

statement most accurately describes the virus responsible for

these findings?

(A) Its genome is a messenger RNA (mRNA) that encodes
a polyprotein.

(B) Its genome is linear double-stranded DNA.,

(C) Tts genome is RNA, but it replicates through a DNA
intermediate.

(D) lts replication requires & helper virus.

(E) Its replication requires an RNA-dependent DNA

J
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polymerase.

2 A 35-year-old Native American man is brought to the
emergency department of a hospital in New Mexico suffering
from pulmonary edema. He dies of respiratory failure. Which
description characterizes this virus?

O (A) Tt is assayed by reverse transcriptase polymerase
chain reaction (RT-PCR) technology.

a (B) It is an enveloped, single-stranded, positive-sense
RNA virus.

0 (C) Tt normally causes benign disease.

a (D) It is spread by mosquitoes.

a (E) 1s susceptible to amentadine treatment it diagnosed

ecarly.

3 in December, Thamny (eadhers W oan dementary school
begin to suffer from the common symptoms of influenza A,
including sore Nroat, TOmmy note. congh, fever, headache,

myalgia, and fatigue. The teachers who have not been vacci-
nated against this infection are offered prophylactic treatment
with amantadine. What is the mechanism of action for this

drug?
0 (A) Blockade of nucleocapsid release into the
cytoplasm

a (B) Blockade of viral glycoprotein synthesis
| (C) Blockade of viral protein synthesis

0 (D) Inhibition of RNA-dependent DNA polymerase
a

(E) Inhibition of RNA-dependent RNA polymerase

4 Whatis a target cell receptor for Epstein-Bare virus (EBV)?

0 (A) €3d complement receptor on B lymphocytes

(= (B) CD4 molecule and chemokine coreceptor on o
lymphocytes

m (C) Immunoglobulin superfamily protein on epithelial
cells

a (D) Acetylcholine receptor on neurons
O (F) Sialic acid receptor on epithelial cells

5 A 48-year-old man has been receiving blood products
for hemophilia since childhood. He is now suffering from a
low-grade lever, weight loss, thrush, serious bouts of diarrhea,
and symptoms of pneumonia. A deficiency in the production of
which substance would be most pronounced in this patient?

m} (A) Complement components

a (B) Immunogl obulin G (IgG)

a (nterferon-alpha (IFN-!)
T (D) Interferon-gamima QR
0 (E) Interleukin-1 (TL-1)




6 A 15-year-old boy develops conjunctivitis, pharyngitis,
and an upper respiratory tract infection 3 days after swimmin <}
in & friend's pool. He has 4 mild fever but no rash. The suspecied
cause is an agent that can be isolated from a nasal wash and.is
able 10 rapidly kil African green monkey kidney cells, Which
dgent is the most likely the cause of this boy's condition?  °
(A} Enveloped, doy ble-stranded DNA virus
(B} Gram-negative diplococeus
1C) Gram-negative, oxida se-positive rod
(D1 Gram-positive d iplococcus
(k) Nonenveloped, double-stranded DNA

spikes at its vertices

0000

virus  with

7 A 63-year-old Japanese man has acute T cell lymphocytic
leukemia, His leukemic cells are found to be producing a virys,
The patient most likely acquired the viral infection via which
routes
a (A} Blood transfusion
a (B} Contact with salivy
a (C) Fecal-oral route
a (DI Respiratory route
g (E] Vertical genctic transmission

8 A 60-year-old Japanese woman has acute T cell lympho-
cytic leukemia. Her T cells express the b uman T I}fmpi_mimpic
virus type I (HTIV-1) genome. What is the mechanism of leuke-
mogenesis for this virus;

a {A) Activation of IFN-y production

a (B} Activation of in terleukin-2 (-2 receptor expression

a (C) Expression of 2 virus-encoded growth hormone
receptor

a (D) Expression of g virus-encoded guanosine triphos-
phate binding protein

O (E) Expression of g virus-encoded tyrosine kinase

9 Cell culture of an isolate from g patient with epidemic
keratoconjunctivitis (also called shipyard eve) contains cells
with dark basophilic nuclear inclusion bodies, Which structyre
characterizes the virus responsible for this condition;

O (4 Enveloped. single-stranded. negative-sense RNA virus
0 (B) Enveloped. sin gle-stranded, positive-sense RNA virus
a (€} Nonenveloped, double-siranded. circ ular DNA virys
a (D) Nonenveloped, double-stranded DNA with
penton fibers at its vertices

Nonenveloped, sin gle-stranded, positive-sense RNA
virus

virus

d 9]

10 A Se-vear-old ma n complains of severe pain caused by
belt of vesicular lesions across the loft side of his abdomen. What
is the source of his inlection?

] (A1 Aerosolized droplets of the causative agent
a (Bl Contaminated food or water
a (€1 Endogenous reactivation of an carlier infection

o G o i 7 /
7 ) )
- _ IROLOGY QUE

a (D} Puncture with g contaminated object
a (E) Sexual activity

11 A newly developed compound is shown to have 4 &
range of antivirdfﬁctfvity and is capable of inhibiting nume
types of RNA and DNA viruses. including those with
without envelopes, When the compound is ysed in sty
involving influenzy R viras, no viral synthesis is deteg
although viral mRNA is detected in low amounts. Which &8
viral agent has a mode of daction similar to this compound
would inhibit a similar step in replication:
0 (A) Acyclovir
| (Bl Amantadine
a (€C) Azidothymidine
O (D) IEN-g
ad (E) Ribavirin

12 The Centers for Disease Control and Prevention (CDCH
called to evaluate an outbreak of disease in passengers who
vacalioning on a 7-day cruise, The symptoms last 2 days
include diarrhes. vomiting, abdominal Cramps, nausea.
headache, A small, single-stranded, positive-sense RNA it
with an icosahedral capsid is isolated from the stool of seve
passengers. Which virus is most likely the causce of the discass
(A) Adenovirus
(B Coronavirus
(C) Coxsackievirus
(D] Norwalk virus
(E) Rotavirus

Uoooao

13 A virus isolated from a patient with liver disease is detey
gent-sensitive, and its genome is infectious. Which virys do thess
lindings describes
(A) Papillomavirus
(Bl Adenovirus
(Cl Hepatitis A virus (HAV)
D) Hepatitis E virus (HEV)
(L} Yellow fever virus

boaaoaao

14 A 6-month-old girl has been experiencing bouts of diars
rhea and vomiting for 24 h. An enzyme-linked immunosorbens
assay (ELISA) of & =iool sample yields positive results fop
rotavirus. Which action would have been the best means fog
preventing the infant's infoctjon;

a A Boiling the eating utensils

g (B) Breast-leeding the infani

g (o Carelully washing the infant’s hands prior 1o ecating
0 i Immunizing the infant with a killed vaccine

0 (E} Treating the infan; with amantadine

15 Which virus is characterized by nonenveloped RNA:
(A} Herpes simplex virus (HSV)

(B) Influenza virus

(C) Lassa fever virus

auaa



a () Norwalk virus
O (F)} Respiratory syncytial virus

16 A 32-year-old man with AIDS develops Symptoms consis-
tent with the diagnosis of cytomegalovirus {CMV) retinitis. Con-
firmation of the diagnosis conld be obtained by which test result?
9 {A) Atypical lymphocyles in blood sample
cl (B ELISA for antibody to CMV in serum sample
] (C} Epithelial cells with owl's eye inclusion bodies in urine
sample

a (D) Immu nofluorescence of tea r-infected tissue culture
fibroblasts

d (E) PCR analysis for viral DNA in blood sample

17 Primary mon key kidney cells are coinfected with an
influenza A isolate from 1991 (AfTexas/91-like FLIN1} and an
isolate from 1989 {A/Betjing/ g9-like F3N2). Genetic analysis of
the two parental viruses and a virus isolated from the resultant
infection shows the data in the lgure. Which designation is
correct for the progeny virus of this coinfection?

=

n

M || |
= —
| |
1991 1989 Progeny
(A) HINI
(B) HIN2
(C) H3NL

(D) H3N2
(E) None of the above

[ s

18 A 30-year-old African woman has lost approximately
201b during the past 3 months and complains of fever. chills.
and a bad cough. She is found to be suffering from multiple infec-
{ions. including tuberculosis and a severe oral yeast infection.
Which viral protein is important for cau sing the patient's discase
but is not essential for replic ation:

0 (A) gag
a (B) gpl20
) (C) Integrase

] (D) nel
d (E} Protease

19 A G-year-old girl is prought to the emergency department
because she has b ad a fever for 4 days. has begun vomiting after
meals, and is suffering from a severe headache, irritability. an d
fatigue. Examination shows auchal rigidity but no rash or
conjunctivitis. A cerebrospinal fluid (CSF) sample is somewhat
cloudy and has a white blood cell (WRC) count of 4/mm’.
with a predominance of lymphocytes. The CSF glucose level is
slightly low (60 mg), and the protein level is high (84mg). A
Gram stain is negative. An imfection with echovirus 11 is sus-
pected, and the child recovers w ithin 8 days without antibiotic
treatment. Transmission rom person to person of echovirus is
[acilitated by which viral characteristic?

(m]

{A) Envelope

0 (B Hemagglutinin (FLA)
m (C) lcosahedral capsid
a Dl Neuraminidase (NA)
A (E) Spike protein

20 A 57-year-old man from southern Japan has acule
leukemia. PCR analysis of T cells from the patient indicates the
presence of retroviral DNA. Which scenario is consistent with
these datar
d (A) Environmental factors in Japan may have pmmoied

the development of 1 (TLV-T leukemid.

d (B) An oncogene from HTIV-1 may have triggered the
development of leukemia.

d (C) Presence of retroviral DNA may be due to an endoge-
nous virus.

0 (D) Recent infection with human immunaodeficiency
virus (HIV) may have promoted the development of
Jeukemia.

[ (£ Recentinfection with HTLV-I may have promoted the
development of leukemia.

21 lassa fever is suspected in an Alrican patient who died
after suffering from fever. coagulopathy. petechiae. severe heart
and liver damage. and shock. A nurse who cared for the patient
presents with the prodrome of pharyngitis. diarrhea. and vom-
iting. Treatmenl with which agent would be most appropriate tor
the nurse?

(A} Acyclovir

] Amantadine
(O Azidothymidine
(D} Foscarnet

{E) Ribavirin

gooan

22 A new drug is being tested to determine its ability o
inhibit the replication of herpes simplex virus. I the drug
is given before exposure 1o the wirus or is given 1. 3. or 5h
after exposure, 100% inhibition occurs. Only 20% inhibition
occurs, however, if the drug is given §h after exposure.




Which step in viral replication is the likely target for this new
drug?

a (A} Assembly

O (B Binding

3 () DNA synthesis

a {D) Penetration

a {El Protein synthesis

23 Which property is associated with an inactivated vaccine?

a (A} A single dose may be administered.

a (B} 1gG and IgA response to the vaccine.

a {C} There is a good cellular immune response.

=l (D) The vaccine is usually administered
adjuvant.

with an

u

(E) The duration of immunity is lifelong,.

24 Which vaccine is available in a live, atienuated form. as
well as a killed form?
a {A) Hepatitis B vaccine
O (B) Influenza vaccine
a (C) Lyme disease vaccine
a {D) Polio vaccine
O (E} Varicella vaccine

25 A wrestler has a vesicular lesion on his shoulder. One
of his teammales has a similar lesion on his wrist, and
another has a crusted lesion at the vermillion border of his lips.
Which enzyme is encoded by the virus responsible for these
lesions?

{A) Integrase
{B) 3N-methyl capping enzyme

{C) Neuraminidase
(D) RNA-dependent RNA polymerase
(E) Thymidine kinase
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26 A Pap-stained cervical smear from a sexually active 36-
vear-old woman with cervical dysplasia shows cells with
enlarged nuclei and cytoplasmic vacuoles (koilocytotic cells).
indicating a viral infection. Which technique would be useful to
confirm the diagnosis of the agent most likely to be present in
these cells?

) {A) ELISA for antiviral antibody in serum

a (B} Hemadsorption to the cells in the cervical smear

a {C) Immunofluorescent analysis of cells from the cervical
Smear

0 (1) In situ DNA hybridization analysis of cells from the
cervical smear

i, (E) Virus isolation in HeLa cell cultures

27 A 28-vear-old man is taken to the emergency department
during the winter; he is suffering from a fever, headaches.
scizures, speech and behavioral problems, and other symptoms
of encephalitis. He dies within hours of arriving at the hospital.

Which finding in brain tissue would confirm that HSV was the
causalive agents

(A} Cowdry type A inclusion bodies

(B) Downey cells

(C} HA

(D) Negri bodies

{E) Owl's eye inclusion bodies
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28 Which virus is a single-stranded DNA virus?

(A) Adenovirus

(B) Epstein-Barr virus
{C) Papillomavirus
(D} Parvovirus B19
(E) Poliovirus
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29 A 26-year-old man who died of AIDS suffered from
numerous infections and progressively lost his speech, vision.
coordination, and cognitive ability. The autopsy reveals foci of
demyelination in the brain that are surrounded by oligodendro-
cytes and appear as glioblastomas. A PCR probe for T antigen-
specific sequences confirms the identity of the virus responsible
for these findings. Which genome structure best characterizes
this virus?

m] (A} Circular double-stranded DNA

] (B) Linear double-stranded DNA

) (C) Linear single-stranded negative RNA
d (D) Linear single-stranded positive RNA
a (E) Partially double-stranded DNA

30 An attenuated vaccine is used to prevent infections caused
by which virus?

m (A) HAV
(B) Hepatitis B virus (HBV)
(C) Influenza virus
(D) Rabies virus
{

a
0
d
] 7)) Varicella-zoster virus (VZV)

31 A 47-year-old Japanecse man has a rash and nodules on
his skin. A biopsy of a nodule shows a T cell lymphoma and the
presence of CD4 T cells that carry HTLV-I. Which answer is
characteristic of this discase?

(A
(B} Discase is sexually transmitted.

) Disease is preventable by use of a vaccine.

{C) HTLV-I infection rapidly promotes lymphomagenesis.

(D) Lymphoma is azidothymidine
treatment.

(E) RNA-dependent RNA polymerase is present in the

lymphoma cells.
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32 HSV infection is reported as the cause of a neonaie’s
death. and the parents wish to file a lawsuit. To determine the
source of infection, a virus isolate is obtained at autopsy and

compared with isolates obtained from the parents. health care




orolessionals, and others who came into contact with the
neonate, Which test would be sufficient to determine whether
two samples had the same source of infection?

o (A) Cytopathologic examination of tissue cultures

3 (B) Immunofluorescence of infected cells

0] (C} In situ DNA hybridization

0 (D} Restriction fragment length polymorphism (RFLP)
techniques

A (E) Western blot analysis of serum samples

33 A 4-year-old boy with sickle cell disease is taken {o his
pediatrician’s office because he is pale and is suffering from
fatigue and flu-like symptoms, A blood test shows that the
peripheral hemoglobin concentration is considerably lower than
normal. with no change in the WBC or platelet counts. The pedi-
atrician suspects that the patient is suffering from aplastic crisis.
Which description is relevant to the findings of anemia in this
patient?

&) (A] Sickle cell trait decreases the patient's resistance to
the virus infection.

T (B) Sickle cell trait promotes infection of erythrocytes by
the virus.

0 (C)] Virus infection activates malaria and causes the
aplastic crisis.

m| (D} Virus infection promotes IFN production.

0 (E) Virus infection targets erythrocyte precursor cells,

34 Which property is associated with HSV?

u

(A} Can be spread easily on fomites {e.g., utensils) or via
hand-to-hand contact

(B Modifies the host cell membrane during replication

(C) Is released from infected cells by cell-to-cell fusion

(D) Appears stable to drying

() Is stable to exposure to detergents

aooaa

35 Vaccinia virus was used as a vaccine against smallpox and
is now being used as a vector for the genes of antigens of other
viruses, Vaccinia virus is useful as a vector because of which
fact?

m) {A) The population has already been immunized against
vaccinia.

d {B) The viral genome contains many nonessential genes.
a (C) The virus does not spread readily to other hosts.

0 (D} The virus has a broad range of hosts.

a (E) The virus is cytolytic.

36 Which step in viral replication is inhibited by
amantadine?

a {A] Attachment

3 {B) Uncoating

d (C) Transcription

a (D) Replication

O (B} Viral assembly

37 Which vaccine can be given safely to a child who is being
treated for leukemiaz

=] (A) Influenza vaccine

(B) Measles vaceine

(C} Mumps vaccine

(D) Oral polio vaccine

(E} Varicella vaccine
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38 Effeclive vaccine programs have been established to
prevent smallpox (caused by variola virus) and rubella (caused
by rubella virus). Although the agents of these diseases share
several characteristics that facilitate disease prevention, which
characteristic of rubella virus distinguishes it from variola virus
and limits the possibility of eliminating rubella;

(A) Rubella virus causes asymptomatic infection.

(B) Rubella virus causes viremia.

(C) Rubella virus has only one serotype.

(D) The host range for rubella virus is limited to humans.
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{E)} The rubella vaccine is a live vaccine.

39 The herpesviruses are able to evade the host's immune
response by which mechanism?

m] (A} Block IFN production

a (B} Block 1L-1 and tumor necrosis factor (TNFj-mediated
inflammation

O  (C) Cause genetic change after infection

d (D) Establish latent infections

a (E} Prevent CD8 T cell killing

40 A 25-year-old man complains of intermittent fever, chills,
headache. and severe myalgia approximately 10 days after
returning from a hiking trip in the western United States. The
physician suspects he has Colorado tick fever, Which property of
the viral agent of this disease enables ils transmission from
mammals to ticks?

a (A} Capsid protein located at the vertex that binds to tick
cells

a (B} Double capsid that withstands rigorous environments

a (C} Efficient replication of virions in the tick salivary
gland

a (D) Persistence in erythrocyles that establishes prolonged
viremia

0 (E) Segmented genome that can reassort segments from
viruses of different species

41 A gynecologist discovers vesicular lesions on his thumb
that he attributes to contaci with an infectious agent while
examining a patient. The lesions have an erythematous base and
contain clear fluid. A smear of the cells can be stained with
hematoxylin and eosin stains. Which finding would also be
expected?

0 {A) Cowdry type A inclusion bodies
a (B} Downey cells
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a {C}) Koilocytotic cells
a (D) Negri bodies
a (E) Owl’s eye inclusion bodies

42 The skin on the face and neck of an 18-month-old boy
suddenly begins to appear red. Approximately 2 days later, other
parts of his body are alfected. Large blisters begin to appear, and
superficial layers start {o rub off like peach skin. When the boy
is taken to his pediatrician, he has a mild fever but no other signs
of serious illness. The agent responsible for this disease would
have which type of genetic material?

a {A) Circular double-stranded DNA

) (B) Linear double-stranded DNA with protein attached to
the 5N ends

a (C) Multiple linear diploid DNA strands

] (D) Negative-sense single-stranded RNA

a (E) Positive-sense single-stranded RNA

43 Aninactivated vaccine is used Lo prevent infections caused
by which virus?
{A] HBV
(B) Influenza virus
(C} Rubella virus
(D} Smallpox virus
(E) VZV
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44 A 7-year-old girl with leukemia is exposed to VZV. Her
physician prescribes varicellazoster immune globulin  as
therapy. Although HSV and VZV are both herpesviruses. the
immune globulin is effective only against VZV. Which property
distinguishes the two viruses and accounts for this difference in
the action of the immune globulin?

(A] HSV can produce syncytia.

(B) HSV is a neurotropic virus.

(C) VZV encodes thymidine kinase.

(D} VZV establishes viremia.

() VZV is transmitted by the respiratory route.
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45 A 15-year-old boy complains of extreme fatigue and is
found to have swollen glands. hepatomegaly, splenomegaly, and
positive results in the test for heterophile antibody. Which activ-
ity is associated with the agent responsible for these findings?

(A} Activation of unrelated antibody production
(B) Binding of erythrocytes to infected cell surfaces
(C) Continued release of surface antigen

(D) Expression of characteristic inclusion bodies
() Integration of ¢cDNA into host chromatin
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46 A 27-year-old woman who is infected with HIV develops
CMV retinitis, and ganciclovir is prescribed. A mutation in which
enzyme would confer resistance to this drug?

a {A) DNA-dependent DNA polymerase
m) {B} Neuraminidase
=] (C) Ribonucleotide reductase

a (D} RNA-dependent DNA polymerase
0 (E) Thymidine kinase

47 Human immune globulin is available for treating patients
who have been recently exposed to which disease?
{A) Diphtheria
(B) Rabies
(C] Strepiococcal necrotizing fasciitis
(D) Toxic shock syndrome
{E}] Typhoid lever
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48 The agent shown in the electron micrograph (see figure)
is an RNA virus that causes deadly outbreaks of hemorrhagic
disease in Africa. Which virus is most likely the cause of these
outbreaks?

a (A) Dengue virus
a (B) Ebola virus
] {C) Hantavirus
m (D) Lassa virus
a

(E) Rift Valley lever virus

49 A 16-year-old bov has a sore throat. swollen cervical
lymph nodes, fever. malaise. and hepatosplenomegaly. Serum
samples from the patient are found to agglutinate sheep ery-
throcytes but not guinea pig erythrocytes. Which serologic
profile would most likely be obtained at this time? Answers A
through E are presented horizontally in the table.

IgM Anti-VCA | IgG Anti-VCA  Anti-MA  Anti-EBNA

A, + - N =
i B. #+ + | - +
@, - + - -
D. = + * + _
E. . + | + - + +

VCA, viral capsid antigens: MA, monoclonal antibodies:
EBNA, Epstein-Barr nuclear antigen: +. present; —, absent.




50 An 80-year-old man in a nursing home is exposed io a

visitor with influenza A virus infection. Which immediate course
of action would be most appropriate for this patient?

(A Immunization with influenza vaccine

(B) Treatment with acyclovir

{C] Treatment with immune globulin

(D} Treatment with rimantadine

{E) Waiting and watching
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51 A 4Z2-vear-old man is suffering from fatigue and has a
headache. The next day, he awakens with a fever and stabbing
pains in the chest and abdomen. The symptoms last lor 6 days.
Bornholm disease (pleurodynia) is suspected. A stool sample
shows a small icosahedral virus. Which statement best describes
this virus?

a (A) Viral genome is produced in the cytoplasm: virus is
encapsulated in the cytoplasm.
a (B) Viral genome is produced in the cytoplasm: virus i

)
w

enveloped at the plasma membrane.

a (C) Viral genome is produced in the nucleus; virus is
encapsulated in the nucleus.

m (D) Viral genome is produced in the nucleus; virus is
enveloped at the nuclear membrane,

m) (E) Viral genome is produced in the nucleus: virus is

enveloped at the plasma membrane,

52 An 11-year-old boy has a benign growth on his foot that
is characterized by hyperplasia of the prickle cells and koilo-
cytosis (vacuolated squamous epithelial cells). What is the most
likely cause of the growth?

0 {A) Fungus that exhibits septate hyphae and is not ther-
mally dimorphic

(B) Fungus that metabolizes keratin

(C) Large, enveloped, linear double-stranded DNA virus

(D) Virus that replicates in most tissue culture cells

(E) Virus whose replication is dependent on the epithelial
cell differentiation stage
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53 In Augusl, a 26-year-old man sees his family physician
with complaints of a low-grade fever and severe headaches. The
patient states that 1-week earlier, he developed blisters at the
back of his throat and base of his tongue. His headaches began
shortly after the blisters appeared and increased in severity for 5
days. The man is transferred to a local hospital, where a lumbar
puncture is performed. He has 177 cells with 81% lymphocytes,
a normal glucose (54mg/dl), and elevated protein (60 mg/dl).
CSF is collected for microbiology stains and cultures. No organ-
isms are observed on Gram stain, and bacterial, fungal, and viral
cultures are negative after 5 days of incubation. After 2 weeks,
the patient's headaches gradually decrease in frequency and
intensity. The most likely cause of this patient’s symptoms is
which organism?

a {A) Cryptococeus neoformans
O (B} Coxsackievirus A

(C) HSV
(D) Nuegleria fowleri

oo

(E} Streptococcus pnewmaonine

54 An outbreak of influenza in Hong Kong forces authorities
to collect and eliminate all the chickens in the region. Which
explanation best justifies the action of the authorities?

a {A) Chicken feathers harbor influenza viruses and can
readily spread influenza.
| {B) Chickens are a reservoir and mosquitoes are a vector
for influenza viruses.
a {C) Chickens are the incubators for new strains of
intluenza virus.
(D) Influenza viruses can contaminate the meat supply.
(E) Partial immunity induced by the chicken virus
exacerbates human intluenza disease.
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55 In July. a mother brings her 3-year-old boy to the
emergency department because he is suffering from severe
headaches. irritability, and drowsiness. The mother states that
the toddler recently began vomiting after his meals. He has a
temperature of 40°C, and a physical examination shows nuchal
rigidity,. A CSF sample is cloudy and has a normal glucose
conceniration, an elevated protein concentration, and a WBC
of 350/mm’ consisting of 70% mononuclear cells and
30% polymorphonuclear leukocytes. A Gram stain is negative
for bacteria. RT-PCR analysis of the CSF generates a genome-
length ¢cDNA product that encodes a polymerase gene. The
patient recovers compleiely within 48 h and is released from the
hospital. Which agent is likely to have caused the patient's
diseaser
{A) Cryptococcus neoformans
(B) Echovirus 11
(C) Escherichia coli
(D) HSV
(E} Streptococcus prewmoniae
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56 The 35-vear-old father of a 3-year-old girl experiences
the sudden onset of fever. fatigue, nausea, stomach pain, and
loss of appetite. Jaundice is observed 5 days later. The diagnosis
of hepatitis A is made on the basis of the clinical data. Which
picce of information from this patient’s history is key to differ-
entiating infection with HAV from infection with other hepatitis
viruses?

O  (A) 5-day delay of jaundice

a (B} Presence of lever, latigue, nausea, stomach pain, and
loss of appetite

m) (C) Presence of jaundice

] (D) Sexual contact with a carrier

O  (E} Sudden onset of symptoms

57 Which virus has enveloped. double-stranded DNA?
a {A) Hepatitis C virus (HCV)
a (B)

“apillomavirus
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SECTION 11

a {Ct Respiratory syncytial virus
m) (D1 Smallpox virus
a (E) West Nile virus

58 A 22-year-old man has multiple nodular lesions in the
genital arca. Each lesion is dome-shaped, is 2 to 10 mm in diam-
eter, and has a central caseous plug. The virus causing the
lesions cannot be isolated in tissue culture. Which virus is in the
same family?

a (A} Coxsackievirus A

a (B) Human papillomavirus (HPV) type 11
a (C) Mumps virus

3 (D) Smallpox virus

a (E) VZV

59 A pharyngeal isolate from a 20-vear-old man with
pharyngitis is inoculated into tissuc culture cells. Findings
include syncytia. margination of the chromatin, and nuclear
inclusion bodies. Which agent best fits this description?

(A) Adenovirus

iB) Epstein-Barr virus

(C) HSV

(D) Influenza virus

Doooog

{E) Measles virus

60 An 8-year-old boy who has been attending summer camp
develops flu-like symptoms that progress to encephalitis. The
physician suspects infection with SL. Louis encephalitis virus or
California encephalitis virus. Which characteristic would distin-
guish this virus from the others?

(A) Broad range of hosts

(B) Lnvelope

(C) Genome consisting of RNA
(D) Genome that is infectious
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(E) Transmission via mosquitoes

61 A 63-year-old man suffers from severe headaches,
memory loss, confusion, and a constant tremor of the left hand,
Approximately 4 months after these symptoms appear. he lapses
into a coma. Spontaneous clonic twitching of the arms and legs
is noted. The patient subsequently dies, and an autopsy is per-
formed. The presence of extensive vacuolation and degeneration
of neurons in the brain confirms the diagnosis. Which answer
best describes the structural components of the agent of this
diseaser
3 {A) Clycoproteins and lipids
a (B} Protein
a {C) Proteins and glycoproieins
a (D) Proteins and lipids
a (E) Proteins, glycoproteins, and lipids

62 What is a target cell receptor for rabies virus?

&) {A) C3d complement receptor on B lymphocytes
) (B) CD4 molecule and chemokine coreceptor on T
lymphocytes
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| (C) Immunoglobulin superfamily protein on epithelial
cells

a (D) Acetylcholine receptor on neurons

a (E} Sialic acid receptor on epithelial cells

63 Premalignant cells are seen in a Pap smear from a 40-
year-old woman, Which agent is most likely to be present in these

cells?

O (A} Adenovirus type 2

O (B) Chlamydia trachomatis
a (C) HSV type 2

a (D) HPV type 16

a {E) Parvovirus B19

64 A 23-year-old mother of two young children is exposed to
rubella during the first trimester of her third pregnancy. The
woman's medical records show that she was vaccinated against
measles, mumps, and rubella when she was a child. Which
description is most accurate for the expected outcome of this

pregnancy:

O (A] The infant will have cataract, deaifness, and mental
retardation,

a (B} The infant will have mental retardation and
microcephaly.

a (C) The infant will have vesicular lesions and dissemi-
nated disease, leading to fatal encephalitis.

a (D) The infant will be blind.

0 {El The infant will be healthy.

65 A 23-year-old man has a fever, rash, and swollen glands.
He had unprotected sex with a male partner 2 weeks before the
onset of these symptoms and has just learned that the partner is
positive for HIV infection. At this time, which test would be
appropriate for confirming an HIV diagnosis?

(A} Cell culture isolation of the virus

(B ELISA for antibodies to gpl120

(€] ELISA for p24 antigen

(D] Latex agglutination test for antibodies to gp41
{E) Western blot test
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66 A 6-month-old girl is taken 1o the emergency department
in January because she has had a low-grade fever and has been
sulfering for the past 2 days from bouts of vomiting and watery
diarrhea, The girl appears dehydrated, Inmunoelectron micro-
scopic examination ol a stool sample indicates the presence of
enveloped virions. Which virus is the most likely cause of the
patient’s symptoms?

(A} Adenovirus
(B} Coronavirus
{C} Norwalk virus
(D} Reovirus

(E} Rotavirus
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67 Which step in viral replication is inhibited by IFN-ct?
|
0
|
a
)

68 Some herpesvirus infections are sensitive to acyclovir and

{A) Attachment
(B Uncoating
(C) Translation
(D) Replication
(E) Viral assembly

‘oscarnet. Which target distinguishes these two drugs?
£ (A} DNA-dependent DNA polymerase
3 (Bl DNA-dependent RNA polymerase
3 {Cl Protease

T (D} RNA-dependent DNA polymerase
u (E) Thymidine kinase

69 A 26-year-old woman received a blood (ransfusion
Zuring the second trimester of her pregnancy. At birth, her in-
‘ant is small and appears to have a disproportionately

small head. Within 2 days. the infant develops jaundice. -

hepatosplenomegaly, and a petechial rash, Urine samples are
found to contain cells with owl's eye inclusion bodies. An X-ray
I the infant's head at 1 week of age shows intracranial calcifi-
cations. The infant becomes increasingly lethargic and begins to
experience respiratory distress and seizures. The infant eventu-
ally dies. The findings suggest a congenital infection with which
agentr

{A) CMV

(B} HSV

{C) Rubella virus

D) Streptococcus

(E} Toxoplasma
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70 A 36-year-old man is bitten when he picks u p a baby
raccoon near his home. The man receives a series of therapeutic
immunizations because of the risk of developing rabies. Which
composition of these immunizations is correct?

B (A) Attenuated rabies virus

m (B) Formalin-treated. rabies virus-infected cells

a (C) Heat-inactivated purified rabies virus

0 {12} Rabies subunit vaccine

0 (E) Vaccinia virus containing the G protein of rabies
virus

71 A medical student on a pediatric rotation is concerned
about contagion [rom his patients. His medical records show thai
he received routine childhood immunizations and that he had
chickenpox when he was 5 years old. Which virus poses the
greatest risk for a nosocomial infection?

{A) California encephalitis virus
(B) Influenza virus

(€1 Rubella virus

D) VZV

(E) Variola virus
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72 Epithelial cells are obtained from a 55-vear-old man and
then infected with either influenza A H3N2 or influenza A
HINL. T lymphocytes and antibody are taken from the same
man and are tested for their cytotoxic activity against the
infected cells. The antibody reaction includes complement. The
results are shown in the table.

Cell Lysis

Cells | No treatment ' T cells Antibody
and
complement
Uninfected 5% 5% 2% e
H3N2-infected ' — 4% 45% 55%

HINT-infected — 2% 35% 3%

Which explanation is consistent with the data shown in the
table?

0 (A) The HIN1-infected cells inactivate complement.

a (Bl The H3N2 virus causes greater cytopathology than
the HIN1 wvirus.

a (C] The man has a history of infection with both H3N2
and HIN1 viruses.

a (D} The man recently recovered from infection with

H3N2 virus,

The T cells react with an antigen other than hemag-

glutinin.

a

73 Which virus has enveloped. single-stranded RNA?
(A) Adenovirus

{B) Norwalk virus

(C) Paraintluenza virus

(D) Rotavirus

(F) VZv
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74 A child with numerous vesicular lesions around the
crimson border of the mouth requires treatment, The drug of
choice acts by which mechanism?

a (A} Blockade of peptidoglycan cross-linkage

a (B} Blockade ol unceating and entry of the causative
agent

a (C) Inhibition of DNA polymerase

O (D) Inhibition of 708 ribosome

a (E) Inhibition of topoisomerase

75 A 19-year-old college student visits the student health
center suffering from a sore throat and is treated with ampicillin.
She subsequently returns with complaints of fatigue and a
persisting sore throat. Physical examination shows swollen
glands, a copper-colored rash on the trunk. and a temperature
of 39.4°C. A blood smear shows 10% atvpical lymphocytes and
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an elevated WBC count. Confirmation of the patient’s diagnosis
can be made by detection of antibody to which factor;?

a (A Cardiolipin

a (B DNA

d (U1 EBV capsid anligen
0 (13 EBNA

|

(L} Sheep erythrocytes

76 During an influenza epidemic, a 45-vear-old woman
suffers for 3 days from fever, headache, myalgia, malaise. and

cough. The next day, she experiences increasing shortness of

breath and goes to the emergency department. Sputum exami-
nation shows numerous leukocytes and gram-positive cocci.
Which factor predisposes an influenza patient to bacterial lung
infections:

= | (A) Change in the pharyngeal microflora

a (B] Destruction of ciliated columnar epithelial cells

d (C) Loss of alveolar macrophages

O (D] Patient’s inability to mount a delayed-type hyper-

sensitivity reaction

(]

(E} Patient’s inability to produce antibodies

77 A 32-year-old woman sees her family physician with a 5-
day history of fevers. headaches. retro-orbital pain, myalgias,
and a rash. The symptoms began 3 days after she returned from
a T-month trip to Thailand. The rash developed initially on her
face and then spread over her trunk and extremitics. Before her
travels, she received all the appropriate vaccinations and main-
tained malaria prophylaxis during her trip. Physical examina-
tion shows diffuse erythroderma with blanching erythema and
petechial formation resulting from pressure applied to her skin.
Bilateral conjunctival suffusion is noted. Laboratory tests reveal
leukopenia and thrombocytopenia. Which organism is most
likely responsible for this infection:

O {A) Dengue virus

] (Bl HAV

a {C} Leptospira i nterrogans
a (D] Plasmodium falciparum
d (E) Salmonella typhi

78 Which virus can exchange genetic material with a differ-
ent strain of a related virus by reassortment of segmented
genomess?

(A) Ebola virus
(B} Coxsackievirus

a

a

) (C) Dengue virus
) (D) Influenza virus
a

(E} Parainfluenza virus

79 Yellow fever virus can initiate an urban cycle (human-
to-mosquito-to-human) of infection. In contrast, Venezuelan
equine encephalitis (VEE) virus has a svlvan cyele of infection,
with humans serving as a dead-end host. Which description
explains why humans are a dead-end host for VEE virus?
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3 {A) VEE virus and yellow fever virus are transmitted by
dilferent genera of mosquitoes.

a (B} VEL virus encoedes only one glycoprotein,

a (C) VEE virus infection causes only limited viremia in
humans,

4 (D} VEE virus infection causes only mild discase in
humans,

A (E) VEE virus replicates in mosquito salivary glands,

80 A medical student who suffers from common cold symp-
toms. including & runny noese. sore throat. sneezing, and a
headache, asks her professor to explain why a vaccine has not
been developed to prevent this disease, Which explanation is the
best ones?

| IAl A eytolytic T cell response would be required.

e | (B} The agent does not cause significant disease.

0 (C) The agent has the potential to establish chronic or
transforming infections.

a (D) The disease does not affect a significant portion of the
population,

a (E} There are too many agents that cause this disease,

81 Which step in viral replication is inhibited by protease
inhibitors?

| {A) Penetration

O  iB) Uncoeating

d {C} Transcription

O (D) Replication

| (L) Viral assembly

82 A Papsmear ol a 50-vear-old woman shows cervical dys-
plasia. Which method would be most useful in detecting the
presence of HPV 187
a (A ELISA
a (Bl Immunofluorescence tesling
O IC) In situ DNA hybridization
a (D} Tissue culture
a (£} Western blot assay

83 A S-year-old girl is bitten by a baby racoon that is thought
to be rabid. The girl is vaceinated in time to prevent the onset of
rabies. Without the vaccination, an immune response would be
undetectable until the final stages of disease and would therefore
fail to proteci the infected girl from disease and death. Which
property of the rabies virus is responsible for the delay?

(A} Antigenic shift

(B) Infection of T cells

(C} Production of an IgA protease

(D] Production of Fe receptors on the infected cells

0 (510 R

(LI} Replication in a privileged site

84 A 42-year-old man has maluise, danorexia, abdominal
pain, jaundice, and dark-colored urine. Serologic results are
positive for HB,Ag, HB.Ag. and anti-HAV: they are negative for




anti-HB.. Which viral enzyvme would be a good target for drugs
:cainst this infection?

0
0
)
0
)

(A) DNA-dependent DNA polymerase
iB) DNA-dependent RNA polymerase
(C) BNA-dependent DNA polymerase
(D) BNA-dependent RNA polymerase
(E} Thymidine kinase

85 A S-year-old boy has a viral disease that causes mild flu-
ike symptoms. He subsequently develops myalgia and a rash
that covers the cheeks but spares the mouth, giving him a
“slapped cheek” look. The viral disease cventually resolves
without treatment. Which condition would predispose the
patient to a severe disease by this virus?

0 (A) Chédiak-Higashi syndrome

0 (B) Chronic granulomatous disease

) (C) Chronic hemolytic anemia

0 (D) Cystic tibrosis

3 i} Diabetes mellitus

86 A 23-vear-old man has been suffering from a fever.
pharyngitis, arthralgia, and myalgia for approximately 1 week.
I enlarged

Throat exudate on
wonsils, Other findings include cervical lymphadenopathy.

examination shows white

hepatomegaly. and splenomegaly. Which analysis would be most

useful for confirming the diagnosis?

(A) Bvaluation for antibody to CMV

(Bl Evaluation for HIV viremia

(C1 Monospot test to screen for EBV infection

(D) Rapid plasmin reagin (RPR} test to screen for syphilis

(E) Throat swab to screen for Streptococcus pyogenes
infection

s o o i m

87 The agent shown in the electron micrograph (see figure)
is a zoonotic virus that is transmitted in saliva. Which struciure
is characteristic of this virus?

From Hart CA, Shears P: Color atlas of medical microbiology, ed
2, St Louis, 2004, Mosby.

a {A) Enveloped. double-stranded DNA virus
a (B} Enveloped, single-stranded, negative-sense DNA virus
m| (C) Enveloped, single-stranded, negative-sense RNA virus

a (D) Enveloped. single-stranded, positive-sense RNA virus
d {E} Nonenveloped, double-stranded DNA virus

88 A 23-year-old woman is concerned because 1 week ago
she had sexual contact with a man infected with HIV, She thinks
she might have contracted the infection, but the standard sero-
logic methods for evaluation yield negative results. The woman
should be counseled that the test resull is inconclusive for which
reasons
O  (A) The antibody to HIV has not risen to detectable levels.
a {B) ELISA is not sensitive enough to detect the virus.

3 {C) Isolation of the virus in tissue culture is inconclustve.

O (D) Virus replication has not yet started,

0 (B} Western blot analysis is not sensitive enough to detect
the virus.

89 A 58-vear-old man receiving immunosuppressive therapy
after undergoing a kidney transplant begins to suffer from
multifocal neurologic symptoms, including memory loss, diffi-
culty speaking, coordination problems, and loss of some use of
his right arm. PCR analysis of a CSF sample is performed using
viral sequences from simian virus 40 (§V40). The results indi-
cate the presence ol a related virus, Which virus is the most likely
the cause of this man's condition?

{A) Echovirus 11
{B) HSV

{C) JC virus
(D) Measles virus
{
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L) Western equine encephalitis (WEE) virus

90 Which statement is correct?

0 {A) Most RNA viruses replicate in the nucleus,

] (B} Most RNA viruses produce
infections.

| {C] RNA viruses must encode an RNA polymerase,

a (D} DNA viruses do not require host transcriptional
CNZYmes.

a (E) Viral DNA is labile.

persistent,  latent

91 A 3-year-old boy is undergoing treatment for leukemia,
His older sibling develops a cough, conjunctivitis, coryza. and
photophobia and subsequenily develops a rash. Exposure to the
agent responsible [or the older sibling's disease would place the
3-year-old at risk for which condition?

{A) Exanthema subitum

(B) Giant cell pneumonia

(C) Hemorrhagic pulmonary syndrome

(D} Orchitis

(1) Progressive multifocal leukoencephalopathy

[y |

92 A 16-year-old boy has a severe sore throat, swollen cervi-
cal lymph nodes, fever, malaise, and hepatosplenomegaly. When
ampicillin is administered for his sore throat. he develops a
generalized maculopapular rash. Laboratory tests show atypical
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lvmphocytes and heterophil antibodies in the blood. Which
property is associated with the agent causing this discase?

{A) Binding of C3d receptors on B lymphocytes

1Bt Infection of CD8 T cells

1Ct Killing of CD4 T cells

(1) Susceptibility to acyclovir treatment

goaaada

{El Tumor promotion in keratinocytes

93 Poxvirus is able to evade the host’s immune response by
which mechanism?

(A} Blocking IFN production

(B} Blocking IL-1 and TNF-mediated inflammation
(C) Causing genetic change after infection

(D) Causing latent infection

(E} Preventing CD8 T cell killing

i R i |

94 A 25-year-old woman is exposed to a virus during the first
trimester of pregnancy. The woman gives birth to an infant who
is deal and has cataracts, a heart murmur, and microcephaly.
II' present, which immune function would have protected the
infant from the viral disease?

{A) Inhibition of viral replication by IFN

(B} Inhibition of viremic spread by antibodies

{C} Killing of virus-infected cells by cvtotoxic T cells

(D} Killing of virus-infected cells by natural killer cells
virus by

e

(E) Uptake and neutralization of the

macrophages

95 A S6-year-old man has a belt of blister-like lesions distri-
buted in a band across his abdomen, He complains of severe
pain. Which virus is most similar to the virus causing the
patient’s discase?
iA) Coxsackievirus A
(B) HSV
(C) Measles virus
(D) Parvovirus B19
(E} Rubella virus

Qooaoaaga

96 A Pap smear [rom a sexually active 32-year-old woman is
being evaluated for the presence of HPV 16. Which procedure
would provide the best evidence of this virus?

{A) Hemadsorpiion

(B) Immunofluorescence testing for viral glycoprotein

(C} In situ hybridization

(D} Microscopic examination for owl's eye inclusion
bodies

a {E) RT-PCR methods

aaaaq

97 A 32-year-old man with AIDS has been undergoing
monotherapy with zidovudine for 7 years. He becomes resistant
to this treatment, so alternative drugs must be considered. Resis-
tance to which drug would be expected because of its similarity
to zidovudine in terms of structure or target?

) (A} Nelfinavir
O (B) Nevirapine
O (C) Ritonavir
] (13} Stavudine
O (B} Zovirax

98 An 8-year-old girl is bitten on the face by a rabid dog. The
disease progresses in an uncharacteristically rapid manner, and
the patient dies. What is the most likely explanation for the rapid
progression of rabies in this case?

0 {A) The amount of rabies virus transmitted via the bite
was large.

a (B} The disease progresses faster in children than in
adults.

a (€} The infection site was close to the brain.

a (D) The patient did not receive her childhood rabies
vaccination,

a (E) The strain of rabies virus was extremely virulent.

99 HIV infection is suspected in a 28-year-old man who has

recently lost weight. complains of intermittent fever and chills,
and is suffering from pneumonia and oral thrush. Detection of
which enzyme in the patient’s blood would be diagnostic of this
inlection?
{A) DNA-dependent DNA polymerase
(B} DNA-dependent RNA polymerase
{C} RNA-dependent DNA polymerase
(D) RNA-dependent RNA polymerase
(E) Thymidine kinase

130 0

100 A 4-year-old girl is brought to the emergency depart-
ment because of a continuous. loud, barking cough and diffi-
culty catching her breath. Her breathing improves in the
presence ol humidified air. A virus is isolated from a nasal wash.
The virus causes hemagglutination and promotes syncytia for-
mation in cell culture. Which wirus is most likely the cause of this
patient’s condition’

(A) Influenza virus
(B) Parainfluenza virus
|C) Parvovirus

(D) Reovirus

agooaoano

{E) Rhinovirus

101 HIV is able to evade the host’s immune response by
which mechanism?
{A) Blocks IFN production
(B} Blocks IL-1 and TNF-mediated inflammation
(C) Genetic change after infection
(D} Latent infection
(E) Prevents CD8 T cell killing
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102 A neonate is born with a small head. intracerebral cal-
cification. rash, and swollen liver and spleen. Cells with charac-
teristic histology (see ligure of photomicrograph) are obtained




from the patient's urine. Which condition describes the most
prevalent consequence ol adult infection with this agent:

(A

Immunosuppression and susceptibility to opportunis-

tic diseases

(B1 Mild arthritic condition with a fine lacy rash

(C) Mononucleosis with production of antibody to sheep
red blood cells

(D} No serious, delinable disease symptoms

{E) Pharvngoconjunctivitis

3
3
3
)
8]

103 A 26-year-old woman in her second (rimester ol preg-
nancy develops arthritic symptoms and a maculopapular rash
on her trunk. Serologic tests are negative for 1gM antibodies 10
parvovirus B19 and measles virus, but the tests are positive for
Iz\ antibodies to rubella virus and for 1gG antibodies to measles
and rubella viruses. The infant is at highest risk for having which

conditions

(A} Cerebral calcilication
(B} Chorioretinitis

(Cl Deafness

(D} Hydrops fetalis

o R e

(E) Keratoconjunctivitis

104 A new approach to immunization is to incorporate the
gene from a pathogen (e.g., HIV) into the genome of a poxvirus
(¢.g., vaccinia virus or canarypox virus). Poxviruses are appro-
priate for this purpose because of which option?

J (A

T (B) Poxviruses have a large genome and encode many

Poxviruses assemble in the cytoplasm.,

ACCeSSOry genes.

.| (C) Poxviruses replicate in the cytoplasm.

g (D) Smallpox was climinated in 1980.

a (E) Symptoms of vaccinia virus infection are visible.

105 Pleconarilis a new antiviral drug that inhibits viral repli-
cation by inserting itself in the viral capsid and preventing
uncoating, The drug is effective against rhinoviruses and many

other members of the same viral lamily. Which discase will most
likely be inhibited by this drug?

a (A) Echovirus meningitis

0O (B) HSV encephalitis

O (€} Influenza A virus pneumonia

a (D) Measles virus encephalitis

0 (k) Respiratory svneytial virus (RSV) pneumonia

106 A 3-vear-old bov who recently visited the tropics beging
to experience mild llu-like symptoms. Approximately 4 days later.
he develops jaundice and black vomitus. The physician suspects
vellow fever. Which description best refers to the agent causing
this discasc:

O  (A) Enveloped, negative-sense. single-stranded RNA virus
withoutl a matrix protein

O (B Enveloped. negative-sense.
mented RNA virus

a (C) Lnveloped. positive-sense, single-stranded RNA virus
that makes a polyprotein

m (D} Enveloped, positive-sense, single-stranded RNA virus
that makes carly and late proteins rom RNA of dil-

single-stranded,  seg-

lerent sizes
a (E) Nonenveloped,  double-stranded,
virus with a double capsid

segmented RNA

107 For the past 3 months, o 28-vear-old man has experi-
enced weight loss and intermittent fever and chills. He recently
developed pneumonia and thrush. This combination of clinical
manifestations indicates infection with which virus:

a

(Al Adenovirus
B By Coccidioides immitis

a (C1 HIV

) (DY HTLY

0 (EV Streptococens pneumaoniae

108 A d-year-old girl is brought to the emergency depart-
ment because of a continuous. loud. barking cough and diffi-
culty catching her breath. Her breathing improves in the
presence of humidified air, A virus is isolated from a nasal wash.
The virus causes hemagglutination and promotes syncvtia for-
mation in cell culture. Which description identifies the genome
of this virus:

O (A} Double-stranded RNA

a {B1 Nonsegmented. single-stranded. negative-sense RNA
a (C) Segmented, single-stranded. negative-sense RNA

O D) Single-stranded DNA

a (F) Single-stranded. positive-sense RNA

109 A monoclonal 1gG antibody directed against the hemag-
glutinin of influenza A virus acts to neutralize the binding ol the
virus to the target cells. A second monoclonal TgG antibody is
made against the idiotype region of the first antibody, and it
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inhibits viral infection, Which factor is most likely recognized by
the TgG anti-idiotype antibody?

(A1 HA

(B) Matrix (M1) protein

(€} Membrane (M2) protein

(D) NA

{E1 Sialic acid

aaaaoaao

110 A 38-year-old man complains of jaundice, dark urine,
anorexia, abdominal pain, and malaise. Serologic tests indicate
that he is positive for anti-HB, and negative for anti-HB,. Which
interpretation for these findings is most likely?

0 (A} The patient has acute HBV infection.

a {B} The patient has chronic HBV infection,

3 {C} The patient has fulminant HBV infection.

00 (D} The patient has the prodrome of HBV infection.
O  (E) The patient is not infected with HBV,

111 What is the course of events in the immune response to
primary varicella-zoster infection?

O {A) CD4T cell activation. interferon-beta (IEN-B) produc-
tion, natural killer (NK} cell activation. and IgG
production

O  (B) IFN-B production, NK cell activation, CD4 T cell
activation, and IgG production

O  (C) TFN-B production, NK cell activation. CD8 T cell
activation, and TghM production

3O (D) IFN=y production, NK cell activation, CD4 T cell
activation, and IgM production

O  (E) NK cell activation. CD4 T cell activation, IFN-B pro-
duction, and IgG production

112 A 28-year-old man is suffering [rom a low-grade fever,
weight loss, thrush, serious bouts of diarrhea. and symptoms of
pneumeonia. He has a history of heroin addiction and admits to
sharing needles at a “shooting gallery.” Which combination
antiviral therapy for this patient would be appropriate?

O  (A) Oneinhibitor of DNA polymerase and one inhibitor of
thymidine kinase (TK)

a (B} One inhibitor of reverse transcriptase (R1) and two
inhibitors of integrase

O {C) Two inhibitors of RT and one inhibitor of protease

a (D} Two inhibitors of RT and one inhibitor of the sre gene

a (E) Two inhibitors of RT and one inhibitor of TK

113 An infant who was infected with a virus in utero has
ocular manifestations of the viral disease (see figure), The
infant's mother was not vaccinated againsit the virus when she
was a child, Which vaccine would be relevant for the infant?

From Emond et al: Colour atlas of infectious diseases. St Louis,
2004, Mosby.

a {A) A vaccine consisting of & carbohydrate attached to a
carricr protein

O (B} A vaccine consisting of lormalin-inactivated whole
virus

] (C) A vaccine consisting of subunits of the viral
glycoprotein

O (D) A vaccine administered on the same schedule as the
mumps vaccine

a (E) A vaccine administered on the same schedule as the
polio vaccine

114 A nasal wash is obtained from a patient with a fever, sore
throat. headache. and myalgia. Which procedure would be most
effective in identilying the agent responsible for these symptoms?

a {A) Complement fixation test

a {B} Hemadsorption test

a {C] Hemagglutination inhibition (HAI) test
a (D} Ouchterlony test

d (E}) Tissue culture growth




115 A 3-year-old boy has a temperature of 40°C for 4 days,
After a day without [ever, he develops a generalized rash. The
rash lasts for 2 days. At which time is the child contagious?

a
a
a
a
a

{A) Before the onset of fever

(B} During the break in the fever
{C) During the fever

{D) During the rash

() Never

116 Ribavirin is used to treat a 28-year-old Peace Corps vol-
unteer who has been working in the Congo and has a fever and
hemorrhagic disease believed to be caused by Lassa virus. Which
virus is also treated with ribavirin?

(A) Calilornia encephalitis virus
iB) CMV

(C) Lbola virus

(D} Influenza virus

(F) RSV

auuauy

117 A 20-year-old woman who works in a pediatric unil
begins to sulfer from fatigue, sneezing, and a runny nose. She
has no lever, but she soon develops a mild sore throat. headache,
and stulfy nose, Her svmptoms subside within 3 to 4 days. Which
virus is the most likely cause of these symptoms?

(A) EBV

(B Influenza virus
{C) Norwalk virus
(D) Parvovirus B19
(E) Rhinovirus

aaooaa

118 Two brothers. ages 2 and 6 years, are brought to the
pediatrician’s office becanse of sore throats. The 6-year-old also
has conjunctivitis, The pediatrician assures the mother that the
symptoms in both boys will subside after 3 to 5 days. Which
agent is the most likely cause of their symptoms:

(A} Adenovirus
(B) HSV

(C) Measles virus
(D) Rhinovirus

[ R R |

iEy Streptococcus pyogenes

119 A 37-year-old man complains of night sweats. fever. un-
intentional weight loss, and severe fatigue. Other findings
suggest HIV infection. Which procedure would provide useful
information about the patient’s immune function and progres-
sion toward ATDS?

(A} Heterophil antibody test

(B) Measurement of TgG antibody to measles virus
(C) Measurement of TgM antibody to HIV

(D) Measurement of serum levels of TL-1

aoooao

(E) Tetanus toxoid skin test

120 A 23-year-old woman who works in a davcare cenler
experiences the sudden onset of fever, fatigue, nausea, stomach

pain, and loss of appetite. Jaundice is observed 5 days later. and

the diagnosis of hepatitis is made. Transmission of the virus

causing these clinical manifestations is facilitated by which viral

characteristics?

O (A} Ability to be secreted in saliva and be transmitted via
cating utensils

O (B) Ability to cause viremia and be transmitted via blood
products

a (C) Ability to cause viremia and be transmitted via
mosquitoes

0 (D

Ability 1o reach and replicate in the lung and be
transmitted via acrosols

a (E) Ability to withstand acids and detergents and be
transmitted via the fecal-oral route

121 A S-year-old girl develops a mild sore throat, flu-like
symptoms. and a high fever. Approximately 8 days later, her
cheeks become red and have the appearance of being slapped,
The patient’s brother has a history of sickle cell anemia, and
infection with the agent causing his sister’s illness would put him
at risk for an aplastic crisis. Which agent is most likely to cause
this disease?

[A) Encapsulated dimorphic veast

iB) Enveloped virus with a segmented genome
(C) Gram-negative diplococcus

(D) Gram-positive diplococcus with a capsule

aooaoano

(E} Nonenveloped virus with a single-stranded DNA
genome

122 A 20-year-old man has recurrent episodes in which
vesicular lesions appear on the edge of his lip. In this case, why
does the infection recur?

) {A

The causative agent cannot produce DNA polymerase

during the initial infection of neurons.

00  (B) The causative agent fails to activate T cell control
mechanisms.

a {C} The causative agent has variable major proteins
(VMPs) on its outer membranes.

a {2} The causative agent produces integrase.

a {E) The causative agent produces RNA polymerase

during the initial infection of neurons.

123  Croup is suspected in a 2-year-old girl who has & lever
and coughs with a seal-like bark. The most likely viral cause of
this infection is an agent with which feature:

{A) Expresses an I (fusion) proiein
{B) Grows optimally at 33°C

{C) Has a genome that is infectious
(D) Is susceptible to a killed vaccine
(E) Is susceptible to acyclovir
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124 A 27-year-old man complains of a sore throat. fatigue,
difficulty breathing, night sweats, and [ever. He has recently lost
weight without dieting, His mouth and throat are covered with
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white patchy lesions. A radiograph of his lungs shows a lacy
infiltrate in the upper lobes. Which CD4 or CD8 count would cor-
relate with these findings?

O (A} CD4 count < 200/ul
a (B) CD4 count = 400/ul
] (C} D4 count > 500/ul
a (DI CDS count = 400/ul
d (El CD8 count > 500/ul
125 A 25-year-old intern who is seronegative for VZV is

exposed to a patient with chickenpox, The intern is concerned
because he is undergoing chemotherapy for Hodgkin's diseasc.
Which treatment would be the most appropriate to prevent VZV
disease in the intern?

a () Bolus of amantadine

a (B} Bolus of pentamidine

i) (C) Prophylactic dose of a beta-lactamase antibiotic

] (D) Varicella vaccine

i (E} Varicella-zoster immune globulin

126
combination therapy. Which indicator suggests  successiul
therapy?

A 37-year-old man with chronic hepatitis B is given

d {A) Absence of HB Ag

a (B} Decrease in jaundice

a (C] Decrease in the anti-HB. titer

0 (D) Increase in the anti-HB, titer

0 (E} Increase in the serum alanine aminotransferase level
127 A 55-year-old man experiences sudden onset of fever,

runny nose, sore throat. malaise. and myalgia. A serum sample
is obtained 1 day after the onset of symptoms. Another sample
is obtained 3 weeks after convalescence. An AT tesi is per-
formed to determine whether the patient had been infected with
influenza virus strain H3N2, the currently prevalent strain. The
results are shown in the figure.

I'TD No hemagglutination @ Hemagglutination |

ate OOOOCO0 00000000000
chonie OO0 000000000000 e
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Which epidemiologically useful conclusion can be drawn [rom
the results?

] {A) The patient was never infected with the H3N2 strain.
A (B} The patient was not recently infected with a strain
containing 113 but was infected with it earlier in life,
The patient was recently infected with a strain con-
taining H3,

The patient was recently infected with a strain con-
taining N2,

The patient was recently infected with the H3N2
strain.

128

) (A) C3d complement receptor on B lymphocytes
a (B}

What is a target cell receptor for parvovirus B19;

(D4 molecule and chemokine coreceptor on T
lymphocytes

8] (C) Immunoglobulin superfamily protein on epithelial
cells

d (13) Erythrocyte P antigen

a (L) Sialic acid receptor on epithelial cells

129 Vaccination with an inactivated polio vaccine elicits
which protective mechanism?
a (A} Development of a delayed-type hypersensitivit v
(DTH} response to prevent transmission of virus from
skin to nerve
Development of an antibody response that blocks
viremia
m) (C] Development of an antibody response that targets
infected cells

a {D) Formation of an antibody that blocks neuronal
spread of the virus
] (E} TInitiation of CD8 T cell immunity to kill infected cells

130 A horse trainer keeps his horses in facilities that are
clean but located near a marsh. A newly purchased horse
becomes infected with the Western equine encephalitis (WEE)
virus. The veterinarian assures the trainer that he and his other
horses are not at risk of acquiring WEE infection from the sick
horse. Which explanation best describes this assurance;

0 {A) Standard vaccination procedures protect trainers and
their horses,

O (B} Viremia in a horse is not sufficient to promote
transmission,

O (C) WEE virus does not infect humans.

a (D] WEE virus is inactivated in marsh water,
a

(E} WEE virus is a sexually transmitted virus.

131
sudden onsct of fever, jaundice, nausea, abdominal discomfort.

A 23-year-old woman from Minnesota experiences the

and loss of appetite. She has antibodies to HB.Ag. What is the
most likely diagnosis?
a (A) Hepatitis A
0 (B} Hepatitis B
0 (C) Hepatitis C
0 {D) Hepatitis D
) {E) Hepatitis E

132 A 6-month-old girl is taken to the emergency depart-
ment in January suffering from watery diarrhea and vomiting,
She has had a low-grade fever for 48 h and appears to be dehy-
drated. The suspected cause of the diarrhea is an icosahedral
virus that has a double capsid and a double-stranded RNA
genome, Which virus caused this infection?

d {A) Adenovirus
) (B) Coronavirus
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0 iC) Coxsackievirus A

0 (D) Norwalk virus
=] {El Rotavirus

133 A WEE virus strain isolated from an infected horse is
grown in chicken embryo fibroblast tissue culture cells more
than 50 times. The virus isolated after the 50th passage will
replicate in horse cells but not in mosquito cells. Which muta-
tion would be consistent with this result?

{A) Change in horse cell receptor for the virus

(B) Change in mosquito cell receptor for the virus
(C) Change in viral capsid protein

(D) Change in viral glycoprotein
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(E) Change in viral lipid composition

134 HIV and HTLV share many structural characteristics.
Which characteristic accounts for the difference in the nature of
the diseases they inducer
{A) HIV causes a lytic infection of T cells.

(B} HIV produces protease.

{C) HIV produces reverse transcriptase.
(D) HTLV infects CD4 T cells.

{F} HTLV infects neurons.

O o000

135  Which pair of viruses has a similar antimicrobial target
and could therefore be sensitive to the same FDA-approved
antiviral drugs?

(A) CMV and HPV

(B} HAV and V£V

(C) HBV and HIV

{D) HSV and poliovirus
{E) RSV and rubella virus
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136 Approximately 10 days after returning from a trip to
Mexico, a 23-year-old man develops flu-like symptoms. He
begins suffering from arthralgia and a mild rash another 4 days
later. The rash begins on his face, spreads to his body. and disap-
pears in 4 days, The patient indicates that he did not receive all
ol the routine childhood vaccinations. The physician suspects
that the infection was preventable and is caused by a virus. The
most likely agent responsible lor this disease is a virus that has
which characteristic?

{A) Has a broad range of hosts

(B} Is a small DNA virus

{C) Isresistant to detergents

{D) Ts spread by the lecal-oral route

goaoaoaya

{E) Isspread by the respiratory route

137 A 20-vear-old man visits the university health center
because he has a rash on his face and neck. He says that he
has been feeling “run down” and has had a cough and runny
nose, Conjunctivitis. small wvesicular lesions on the buccal
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mucosa, and fever are noted during the physical examination.
Prevention of the patient’s disease is normally accomplished by
which action?

(A} Passive immunization with immune globulin

(B) Prophylactic treatment with amantadine

(C) Vaccination with a live. attenuated vaccine

(D} Vaccination with a subunit vaccine

Qaooan

{E) Vaccination with an inactivated vaccine

138 Hodgkin's lymphoma develops in a kidney transplant
patient who is taking immunosuppressive drugs. A biopsy
specimen from the tumor expresses EBNA. When the dosage
of immunosuppressive drugs is decreased. the lymphoma
regresses. Tumor development is related to which property of
EBV?

a (A) Atypical Iymphocytes associated with infectious
mononucleosis

d (Bl Immortalization of B cells in tissue culture

a (C} Increased WBC count associated with infections
mononucleosis

| {D) Production of EBV during the development of oral
hairy leukoplakia

a (B} Production of heterophil antibody during infectious
mononucleosis

139 A 22-vear-old man who works in the pediatric ward of a
hospital suffers from malaise, sneezing, and a runny nose, but he
does not have a fever. He subsequently develops a mild sore
throat, headache, and stutfy nose. The symptoms resolve within
4 dayvs. Which virus is most likely to be responsible for these
symploms?

{A) Coronavirus

(B} Hantavirus

{C) Norwalk virus

(D) Rubella virus

(E) Vesicular stomatitis virus

ooogayu

140 A 42-year-old man with a history of heroin addiction
complains of jaundice. dark urine. anorexia, abdominal pain,
and malaise. The disease progresses rapidly to fulminant hepati-
tis and cirrhosis. Which virus is responsible for these lindings?
{A) Calicivirus
(Bl Deltavirus
(C} Flavivirus
(D) Hepadnavirus

aaaaa

{E} Picornavirus

141 A farmerin China lives in close contact with his pigs and
ducks. The lfarmer and a pig each appear to have the flu. A duck
is coinfected with influenza A virus strains from the pig and the
farmer, and a new virus results from this infection. This is an
example ol which genetic process?
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a (A} Complementation a (C) Degradation of sialic acid
a (B} Reassortment a (D} Generation of double-stranded DNA from RNA
O (C) Recombination templates
a D) Transcapsidation a (E) Generation of double-stranded DNA from single-
a (E) Transposition stranded DNA temiplates

142 A 7-year-old boy has vesicular lesions in three areas: the 146 A 65-year-old man who smokes one pack of cigarettes a

hand, the foot. and the mouth. Which agent is responsible for
this disease?

a {A) Large-sized, detergeni-sensitive virus that encodes a
DNA and an RNA polymerase

a (B) Medium-sized. detergent-resistant virus that repli-
cates in the nucleus

a (C) Medium-sized. detergent-resistant virus with &
genome that is infectious

a (D] Small-sized, detergent-resistant virus that replicates
in the nucleus

a () Small-sized, detergent-resistant virus with o genome
that is infectious

143 A 10-year-old boy experiences a sudden onsel of sneez-

ing. a runny nose, a mild headache, a cough, and fatigue but no
fever, The symptoms last for a pproximately 1 week, and then the
boy feels fine. Approximately 2 weeks later, he has a similar
attack, so his parents take him to see the pediatrician. The
parents are surprised by the pediatrician's diagnosis because
they thought that protection from the discase should have
resulted from the previous oceurrence. Which condition is the
best reason for the second occurrence?

a {A) Chédiak-Higashi syndrome
a (Bl DiGeorge syndrome
a (C) TgA deficiency
O (D} Multiple viral serotypes
a (E} Recurrent viral discase
144 What is a target cell receptor for poliovirus?
3 {A) €3d complement receptor on B lymphocytes
a (B] CD4 molecule and chemokine coreceptor on T
lymphocytes
a (C) Immunoglobulin superfamily protein on epithelial
cells
a (D) Acetylcholine receptor on neurons
] (B} Sialic acid receptor on epithelial cells
145 A 35-year-old man complains of extreme fatigue, has

difficulty catching his breath, and has recently lost 9 1b without
dieting. Examination shows a thrush infection in his mouth. A
chest radiograph of the lung shows signs consisient with diffuse
interstitial pneumonitis. Blood studies indicate a CD4 T cell
count ol 200/ul. Detection of an enzyme with which activity
would confirm the diagnosis?

d (A1 Degradation of DNA

a (B Degradation of RNA
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day has an upper respiratory tract infection. headache. malaise,
and generalized body ache. He is surprised to hear that his
disease is caused by an influenza virus. He says that he had
influenza just 5 years ago. Which explanation about the current
disease should be provided to this patient?

| {A] Immunosuppression due to age allowed infection (o
develop.

0 (B) Smoking allowed the virus to cause a recurrent
infection.

] (C) The virus does not establish a long-lasting immune
response, so there is no lifelong immunity.

0 (3} The virus strain that caused influenza 3 years ago is
not the same strain that caused the current disease.

E (E) The virus was able to infect a different site in the
respiratory system this time and was able to escape
immune detection.

147 A I-month-old boy is brought to the emergency depart-

ment sullering from severe diarrhea and dehydration. There are
no lenkocytes or blood in his stool. Which description identifies
the etiologic agent?

d (A} Double-stranded, segmented RNA virus with a double
capsid

d (B} Gram-negative rod that does not ferment lactose

O  (C] Gram-positive anaerobe

a (D) Pear-shaped trophozoite with two nuclei and four
pairs ol flagella

O (E} Single-stranded. positive-sense RNA virus with a
capsid

148 Premalignant cells are seen in a Pap smear from a 40-

yvear-old woman, and a virus is found to be associated with the
cells. This virus acts by which mechanism;

O (A} Causing cell lysis

g (B) Inhibiting the activity of p53 and RB

a (C) Producing a ¢cDNA intermediate

a (D) Promoting the expression of viral glycoprotein on the
cell surface

a (E} Stimulating the activity of p33

149 A 35-year-old man is brought 1o the emergency
department in January suffering from a fever and headaches.
His wife says that he has been acting strangely, has become
very forgetful, and started to vomit that morning. While in
the emergency department, the patient has a seizure, A CSF
sample contains lymphocytes and a few red blood cells. but




there are no polymorphonuclear leukocytes or organisms, and
there is no increase in the man's glucose level. An MRI indicates
the presence of a focal lesion affecting the left temporal lobe.

Which drug would be the most appropriate therapy for this
patient:

{A) Acyelovir

(B} Amantadine

iC) Amphotericin B

D) Ceftriaxone

aguauau

(E) Rifampin

150 A 23-year-old man who is working as a camp counselor
during the summer suddenly begins to experience headaches,
nausea, and vomiting. He develops a stiff neck and fever and
becomes lethargic, After 3 days, the symptoms resolve. without
sequelae. Which infectious agent is the most likely cause of the
disease?
iA) California encephalitis virus
(B) Coxsackievirus A
(C) Cryptococcus necformans
(D) CMV
(Bl Group B Streptococcus
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151 A 39-vear-old man complains of fever. fatigue, nausea,
vomiting, abdominal pain, and loss of appetite. He says that he
hecame concerned because his urine is abnormally dark but does
not recall when his symptoms started. Examination shows a
vellow tinge to the sclerae of his eves. Which serologic result
is most consistent with the patient’s symptoms? Answers A
through E are presented horizontally in the table.

HB.Ag HB.Ag Anti-HB. Anti-HB, = Anti-HB,
A, + + | +'- + . +
B. + | + - - + +
¢ _—. + T - + | -
D. - + | - - - +
E g | = - - | = - =

HB.Ag, hepatitis B surface antigen: HB.Ag, hepatitis B ¢
antigen; anti-HB,. antibody to hepatitis B ¢ antigen: anti-HB,,
antibody to hepatitis B core antigen: anti-HB,. antibody to
hepatitis B surface antigen: +. present; —, absent.

152 A 2-year-old boy has a sudden onset of fever of 38.9°C
that lasts for 3 days, and then he develops a faint macular
(sandpaper-like) rash that covers his body and lasts only 48 h.
The agent causing the disease cannot be grown on blood agar
and is sensitive to detergent inactivation. Which agent is the
most likely cause of this boy's symptoms?

(A)] Coxsackievirus A

(B) Human herpesvirus 6
(C] Measles virus

(D) Parvovirus B19

(E) Rubella virus

goooa

153 A previously healthy 70-year-old woman complains of
severe headaches, appears apathetic, and has a constant tremor
of the right hand. As her condition deteriorates, she begins to
show evidence of memory loss and confusion. She subsequently
lapses into a coma bul continues to experience spontaneous
clonic twitching of the arms and legs: she eventually dies. An
autopsy reveals vacuolation of neurons and the presence of
amyloid-containing plaques and fibrils. No inflammation is
observed, Which description is appropriate for the agent causing
this disease?

(A} Detergent-resistant agent controlled by antibody
(B] Detergent-resistant agent that clicits no inflammation
{C) Detergent-resistant, opportunistic agent
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(D) Detergent-sensitive agent controlled by cell-mediated
immunity
m) (E] Delergent-sensitive agent that is vaccine-preventable

154 A 35-year-old man experiences the rapid onset of a
headache, myalgia, malaise, a dry cough. and a fever. A nasal
wash is obtained, and a virus is isolated in a culture ol primary
monkey kidney cells. The virus causes absorption of erythrocytes
to infected cells. and syncytia are seen in the infected cells.
Which virus is most likely the cause of these symptoms?

{A) Coronavirus

(B) Influenza A virus

(C) Influenza B virus

(D) Influenza C virus

(E] Parainfluenza virus type |

I G L

155 A 35-year-old woman who is positive for HIV infection
goes to the emergency department because she has been
suffering for 3 days from [ever, headache, anorexia, fatigue. joint
pain, nausea, and vomiting. She also has a hive-like rash
{urticaria} on her chest. She has a hematocrit of 35%; white
bload cell count of 6500/mm’, with 40% neutrophils, 3% bands.
47% lymphocytes, and 10% atypical lymphocytes; elevated
levels of liver enzymes; and normal levels of bilirubin and alka-
line phosphatase. Serologic tests yield the results shown in the
table.
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Laboratory test Result
Antibodies to EBNA +
Antibodies to TV 2
Antibodies to CMV +
Antibodies to HAV &
Anti-HB, _
Anti-HB, _
HB.Ag &
HB.Ag "

CMV. cytomegalovirus; EBNA, Epstein-Barr nuclear antigen:
HIV. human immunodeficiency virus: HAV, hepatitis A virus:
anti-HB,.. antibody Lo hepatitis B core antigen; anti-HB,, anti-
body to hepatitis B surface antigen HB,Ag, hepatitis B surface
antigen: HB.Ag. hepatitis B core antigen; HB.Ag, hepatitis B
€ antigen: +, positive result; —, negative result,

Which risk Tactor is most likely associated with the manifesta-
tions of disease in this case?

(Al Alcoholism

(Bl Ingestion of contaminated water

(C) Multiple sexual partners

(I
{E) Travel to underdeveloped countries

Smoking
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156 A 1-month-old breast-fed infant is exposed to HAV, The
mother has been seropositive for this virus for several vears.
Which type of antibody is most likely to provide protection for
the infant?

(A) IgA
(B) IgD
(C) TgE
D) TgG
(E) IgM

N ST

157 The table shows five serologic profiles of individuals
screened for hepatitis B. An individual with which profile would
be an appropriate candidate for donating blood? Answers A
through E are listed horizontally in the table.
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Anti-HB, Anti-IB, Anti-HB, HB.AG
Al + ! ! .+
Bi ! ! + '
& + + ! 3
D, ! ! +
L. ! ! + +

Anti-HB,.. antibody to hepatitis B core antigen; anti-HB,, anti-
body to hepatitis B e antigen: anti-HB,. antibody lo hepatitis
B surface antigen; HB.Ag, hepatitis B surface antigen: +.
present: —, absent.

158 Approximately 6 months after receiving a corneal trans-
plant, a 36-year-old woman begins 10 experience confusion.
anxicty. memory loss, muscle spasms, and difficulty in walking
steadily, Over a period of 8 weeks, her condition deteriorates, and
she eventually loses all mental functions and dies in the hospi-
tal. Postmortem analysis of brain tissue shows vacuolation of
neuronal cells but no abnormal presence of inflammatory or
immune cells. Which additional finding would be consistent
with these results?

m (A) Absence of antiviral antibody but presence of an
abnormal protein in the brain
d (BJ High titers ol antibody to measles virus and isolation
ol a measles variant from the brain
O (C) History of recurrent cold sores and isolation of an
enveloped DNA virus from the brain
{1} Isolation of a small, naked capsid virus from the brain
{E1 lsolation of an enveloped and encapsidated RNA virus
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from the brain

159 A 9-vear-old boy is carried into the emergency depart-
ment suffering from bilateral paralysis, His parents report that
he started experiencing flu-like symptoms approximately 2
weeks earlier. Recently, he had a high fever and began to com-
plain of muscle pain and a stilf neck. The boy did not receive the
normal course of childhood immunizations. What is the most
likely route of infection with the causative agent?

{A) Arthropod bite

(Bl Coniact with lesions of an infected individual
(€ Tecal-oral route

(D) Parenteral route

aQoaaaq

(E} Respiratory route

160 The blood in blood banks is screened for HIV. The initial
screening of serum is based on which process?
a {A] Amplification of the viral genome and subsequent
detection of the genome by gel techniques
O (B} Antibody-induced lysis of antigen-loaded erythro-
cyvles in the presence ol complement
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0 (C) Binding of antibody to antigen that is bound 1o nitro-
cellulose paper

3 (D} Binding of antibody to immobilized antigen

0 (L} Binding of antigen to immobilized antibody

161 A 32-yearold man who recently spent severa] weeks
n Malaysia suffers from a high fever, a serious retro-orbital
headache, and severe joint and back pain. The symptoms last for
+davs, and then a rash dppears on his trunk and lower extrem-
ities for 2 days, His physician consults with the CDC and finds
that an outbreak of dengue fever has been reported for the
region visited by the patient. Which agent is transmitted by the
sAme medns as dengue virys?

(A] Borrelia burgdorferi

(B) Hantavirus

(C) Plasmodium vivay

(D) St. Louis encephalitis virus
(E} Yellow lever virus
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162 A 15-month-old girl has been suffering from irritability.
mild fever, diarrhea, and vomiting for 2 days. In the ELISA analy-
sis of stool used to confirm the diagnosis. which immunosorbent
and enzyme-labeled immunoreactant are used;

3 (A)] Anti-TgG and enzyvme-linked anti-immunoglobulin

7 (Bl Anti-TaM and enzyme-linked anti-imm unoglobulin

| {C) Antirotavirus antibody and enzvme-linked anij-
rotavirus antibody

O (D) Rotavirus antigen  and
immunoglobulin

a {E) Rotavirus antigen and enzyme-linked antirotavirus
antibody

enzyme-linked  anti-

163 Whatisa target cell receptor for influenza A virus?

0 (A) C3d complement receptor on B lymphocytes

a (Bl CD4 molecule and chemokine coreceptor on T
lymphocyies

6 Immunoglobulin superfamily protein on epithelial
cells

3 (D} Ervthrocyte p antigen

| (E) Sialic acid receptor on epithelial cells

164 A S-year-old girl has a temperature of 40°C and mild flu-
like symptoms [or 6 days. and then the fever subsides. Afier &
days without fever, she develops a rash that lasts several days, is
prominent on her face {giving her a “slapped cheek" dppear-
ance), and is accompanied by achy joints, Which agent causes
this condition;

(A} Gram-negative diplococeus

(Bl Gram-positive coccus

(C) Virus with a double-siranded RNA genome

(D) Virus with a single-stranded, negative-sense DNA
genome

(K} Virus with a single-stranded, Negative-sense RNA
genome
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165 A 75-vear-old man has been exposed 1o influenza A
virus but has not developed Symptoms. Which therapy would be
most appropriate;

a (A) Active im munization against influenza

a (B} Passive
antibodies

a (C) Treatment with ribavirin

a (D) Treatment with rimantadine

a (B} Treatment with vitamin supplements and orange

immunization  with anti-influenza A

juice
166  Which virus has a segmented genomes;
a (A) CMV
a (B) HBV
a (C) Influenza virus
a (D) JC virus
m (E) Parvovirus B19

167 Reports indicate that an outbreak of spongiform
encephalopathies in Britain Is associaled with the ingestion of
beef. In affected hum ans and catile, no immune response to the
agent of these encephalopathics has been observed. Which
explanation accounts for this lack of immune response;

a {A) The agent does not cause lytic infection,

a (Bl The agent does not EXpress unique immunogenic
epilopes.

O (C) The agent infects T cells.

=] (D} The agent is iImmunosuppressive,

a (E] The agent replicates in a privileged site.

168 The emergency department is filled with patients com-
plaining of diarrhea, gastric distress, and vomiting, Their diar-
rhea started abruptly and has lasted for approximately 2 days,
Electron microscopy of a stool sam ple shows a 27-nm virus with
the characteristics shown in the photomicrograph (sce figure).

Which virus is most likely responsible for these symptoms:

From Cohen J, Powderly WG: Infectious diseases. od 2. St Louis,
2004, Mosby,




SECTION II

ad (A) Adenovirus
d (B) Coronavirus
O (Ct Echovirus 11
0 (D} Norwalk virus
a (E} Rotavirus

169 A 45-year-old woman has been suffering from nausea,
fever. inability to eat, and abdominal pains for the past several
days. Her eyes have a yellowish color, and her urine is dark. Sero-
logic tests yield results shown in the table.

Laboratory test Result
1gG antibodies 1o HAV i
IgG antibodies to HB,Ag -
[gG antibodies to HB,Ag =
IghM antibodies to HAV s
[gM antibodies to HB.Ag +

HB.Ag +

HAV. hepatitis A virus: HB,Ag. hepatitis B ¢ antigen; HB.Ag,
hepatitis B surface antigen; HB.Ag, hepatitis B core antigen:
+. positive response; —. negative response.

The most likely cause of her symptoms has which property?

a (A) Encodes reverse transcriptase

0 (B) Has an icosahedral capsid

a (C) Immortalizes B lymphocytes

O (D} Has a replication cycle with a double-stranded RNA
intermediate

a (E} Is transmitted by mosquitoes

170  An 11-year-old girl who is attending summer camp in
Ohio is brought to the emergency department because she has
been suffering from a fever, vomiting. and a severe headache for
3 days. While in the emergency department. she is lethargic and
confused and has a seizure. She recovers after 10 days of illness.
The most likely cause of her symptoms would be confirmed by
which finding?

a (A} Anticardiolipin (reagin) antibody in the blood

a (B) Cells with owl's eve inclusion bodies in the urine

m) (C} Heterophil antibody in the cerebrospinal fluid

a (D) IgG antibody to HSV in the blood

O (E} TgM antibody to California encephalitis virus in the
blood

171 Immunizaiion against the measles virus will prevent
measles and which disease?

J (A QD

3 (Bl Kawasaki discase

0 )
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a (C) Kuru

a (D} Progressive multifocal leukoencephalopathy
a (E) SSPE

172 A 2l-year-old college student visits the health clinic
because of a maculopapular rash that started on his head and
has spread to his trunk; the rash is accompanied by fever, cough.
coryza, and conjunctivitis. Immune control of this infection
requires a response involving which factor?

(A) IgA

(B) IgE

(C) IgG

{D) Neutrophils
(EI T cells

agauaoo

173 The 5-year-old son of a migrant worker has a cough.
conjunctivitis, coryza, and a diffuse maculopapular rash on
his face and trunk. Lesions in his mouth have white centers
that appear like grains of sand. How is this discase predomi-
nantly transmitted?
iA) Blood
{B) Mosquitoes
(Cl Respiratory droplets
(D) Saliva
(E) Sexual contact
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174 A 50-year-old man undergoing a routine physical exam-
ination complains of fatigue, an inability to concentrate, and epi-
gastric pain that has gotten worse during the past year. His
medical records show that he received a blood transfusion during
surgery in the late 1980s. His blood contains elevated trans-
aminase levels. A PCR-based blood test for lavivirus sequernces
yields positive results. Which hepatitis virus is the most likely
diagnosis?

(A} HAV
(B) HBV
(C} HCV
(D) HDV
{E} HEV
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175 A 65-year-old man recently exposed to influenza experi-
ences a headache, myalgia, malaise, dry cough. and fever. His
symptoms subside after 3 days. On day 7. he again becomes
febrile and his cough worsens. Physical examination shows signs
of pneumonia. Which drug treatment would be most appropri-
ate for pneumonia’?

{A) Acyclovir
iB) Amantadine
(C) Levofloxacin
(D) Ribavirin
(E) Rimantadine

goooa

176 A l6-year-old boy has a sore throat, swollen cervical
lymph nodes, fever, malaise, and hepatosplenomegaly, Labora-
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rv findings include the presence of atypical lymphocytes
and heterophil antibodies. Ampicillin is administered, and the
~atient develops an intense rash on his chest. Which agent is the
most likely cause of the condition?
{A) Adenovirus
B} CMV
IC) EBV
(1) HSV
(E) Streptococcus pyogenes
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177 A 3-month-old girl is brought to the emergency depart-
ment in January because she has a fever and is wheezing, as well
=< having difficulty in breathing, Bronchiolitis is suspected. The
srructural characteristics of the virion infecting the patient are
most similar to those of which virus?
1A) Adenovirus
(B) Poliovirus
(C) Rabies virus
(1D} Rotavirus
{E] Rubella virus
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178 A 74-year-old man who underwent bypass surgery 8
vears ago develops cirrhosis. He does not drink alcohol and does
not participate in risky behavior. The physician suspects that his
cirrhosis is caused by a virus. Which etiologic agent is the cause
of his condition?

(A} Enveloped, double-stranded DNA virus

(Bl Enveloped, single-stranded. circular RNA virus

(C] Enveloped, single-stranded. positive-sense RNA virus

(D} Enveloped, single-stranded, positive-sense RNA virus
with a reverse transcriptase

aoaaan
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{E} Nonenveloped, single-stranded. positive-sense RNA

virus

179 Which step in viral replication is inhibited by nucleoside
analogues?
B {A) Penetration
a (B} Uncoating
a {C) Transcription
a (D) Replication
m) (E}) Viral assembly




1 (E) s replication requires an RNA-dependent DNA poly-
merase, The patient's clinical and serologic findings are consis-
tent with the diagnosis of hepatitis B. Hepatitis B e antigen
(HB.Ag) is the best indicator for the presence of hepatitis 13 virus
(HBV} infection; hepatitis B surface antigen (HB,Ag) is also an
indicator. HBV has a circular DNA genome that replicates
through an RNA intermediate using reverse transcriptase (RNA-
dependent DNA polymerase). Picornaviruses, such as the hepa-
titis A virus (HAV), have a messenger RNA (mRNA] genome that
encodes a polyprotein. Hepatitis D virus (HDV) requires HBV
as a helper virus, Herpesviruses and adenoviruses have linear
double-stranded DNA genomes, and retroviruses have RNA
genomes that replicate through a DNA intermediate,

MM5 680

2 (A) It is assayed by reverse transcriptase polymerase
chain reaction (RT-PCR) technology. The patient’s history and
symptoms suggesi hantavirus pu Imonary syndrome, This case is
descriptive of the initial diagnosis of the Sin Nombre haniavirus
outbreak, which led to the identification of this virus. Hanta-
viruses are bunyaviruses with RNA genomes, hence the use of
RT-PCR. Primers with sequences lound in many hantaviruses
were used in RT-PCR techniques to amplily virus sequences from
the patient and thereby provide the first description of the virus,
Like other bunyaviruses, hantaviruses are enveloped, single-
stranded, negative-sense, segmented RNA viruses, Hantavirus
almost always causes serious disease. It is not spread by mosqui-
toes but is maintained in rodents. An increase in the rodent
population increases contact with the vector. Amantadine is a
treatment for influenza A.

MM5 651

3 (A) Blockade of nucleocapsid release into the cyto-
plasm. The symptoms of influenza A, but not influenza B, can
be reduced or prevented if amantadine or rimantadine treatment
is begun within the first few days of exposure, By blocking a
channel formed by the M2 protein, both drugs inhibit the
“uncoating” {release of nucleic acid from the nucleocapsid) of
influenza A virus, The Food and Drug Administration has not
approved any aniiviral drugs that block viral glvcoprotein syn-
thesis or inhibit RNA-dependent RNA polymerase. Interferon
(IFN) is an agent that inhibits viral protein synthesis, but no
chemotherapy is directed at this target. Some drugs that are used
in the treatment of human immunodeficiency virus (HIV) infec-
tion act by inhibiting RNA-dependent DNA polymerase. which is
also known as reverse transcriptase. These drugs include zidovu-
dine (azidothymidine, or AZT) and other nucleotide analogues.
MM5 510, 616

4  (A) C3d complement receptor on B lymphocytes. Binding
of the viral attachment proteins (VAPs) to specific cell receptors
determine which cells are infected by the virus. The receptors may
be proteins, glycoproteins, or glycolipids, The VAPs for the
Ipstein-Barr virus (EBV] are glycoproteins gp350 and gp220).
The glycoproteins attach to the (3d complement receptor on B
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cells, Examples of other veceptors for viruses mclude Hiy
binds to the CD4 molecule and chemokine coreceptor o
phocytes, poliovirus that binds 1o the immunoglobulin
family protein on epithelial cells. rabies virus that binds
acetylcholine receptor on neurons, and influenza A vies
binds to sialic acid receptors on epithelial cells.
MM5 553

5 (D) Interferon-gamma (IFN-y). The patient's &
manifestations are consistent with the diagnosis of AIDS. &
drome caused by infection with HIV, Pneumonia, thrushg
other opportunistic infections occur when the CD4+T cell &
falls to low levels. TFN-v is produced primarily by CD4 Thi &
and activates macrophages to promote clearance of
and viral infections, Despite CD4 depletion. complement ce
nents continue to be produced by the liver and other oo
Immunoglobulin G (IgG} continues to be produced. poss
uncontrolled. Interferon-alpha (1FN-a) continues to be prod
by epithelial, fibroblast. and leukocyte cells in response to
infections. Interleukin-1 (IL-1) continues to be produced
macrophages and monocytes. which are still functional.
MM5 665

6 (E) Nonenveloped, double-stranded DNA virus
spikes at its vertices. The patient’s history and clinical ma
festations are consistent with the diagnosis of pharyngocs
junctival fever, This disorder is also called “swimming pe
conjunctivitis.” It is caused by an adenovirus and is usually diag
nosed only by clinical presentation. Although the description
the causative agent may suggest a toxin-producing bacterius
an adenovirus ja nonenveloped virns) is the most likely agent &
two reasons. First, adenoviruses are the most frequent cause of
conjunictivitis in swimmers. Second, adenoviruses commoniy
cause conjunctivitis that is accompanied by pharyngitis. Am
enveloped, double-stranded DNA virus, such as herpes simples
virus, can cause keratoconjunctivitis and is a common cause of
blindness. A gram-negative diplococcus is Neisseria gqonorrhoeae,
a bacterium that causes eve infections in infants. A grame-
negative, oxidase-positive rod is Pseudomonas aeruginosa, a bac-
terium that can cause corneal ulcers and endophthalmitis. 4
gram-positive diplococeus is Streptococeus pneumoniae, a bac-
terium that is usually associated with upper respiratory tract
infections and not ocular infections.
MM5 533

7 (A) Blood transfusion. Some arecas of Japan have a high
incidence of acute T cell lymphocytic leukemia, a discase that
can be caused by the human T lymphotropic virus (HTLV], Like
HIV. HTLV is a retrovirus that is transmitted in blood products
and via sexual contact. Unlike HIV, HTLV is a C-lype retrovirus
and is not Iytic. There is a long latency period between infection
and the onset of leukemia. Although endogenous retroviruses
are transmitted through the germ line, their association with
human cancers has not been clearly defined. HTLY is not trans-
mitted via contact with saliva or via the fecal-oral or respiratory



EBV s transmitted in saliva and is associated with infec-
mononucleosis (“kissing discase”™), Burkitt's lymphoma.
sharvngeal carcinoma, and some Hodgkin's lvmphomas.

fecal-oral route is a common route of infection with enteric
ses (such as adenoviruses and HAV), none of which are
humans. The respiratory route is the most
on route of virus transmission. HTLV is a retrovirus. and

genic

wviruses integrate into host chromatin, Undogenous retro-
=. but not HTLV, are transmitted through the germ line by
-al genetic transmission.

5 671

(B) Activation of interleukin-2 (IL-2) receptor expres-
HTIN-1 is a retrovirus that slowly induces leukemia, HTLV
'mia is more common in parts of Japan than in the rest of
world. The Tax protein of HTLV is a transactivator that pro-
motes mRNA production for 1L-2 and 1L-2 receptor genes. This
semulates cell growth. After many vears of growth, genctic
werors occur and lead to leukemia. Activation of TFN=y by H'TLV-
© mayv occur, but this cytokine would stimulate protection and
wot leukemogenesis. Expressions of a virus-encoded growth
Sormone receptor, ol a virus-encoded guanosine triphosphate
sinding protein. and ol a virus-encoded tyvrosine kinase are char-
acteristic of oncogenes produced by retroviruses that are rapid
mducers of cancer. For example. the erbB and erbA oncogenes
are receptors to the epidermal growth factor and thyroid
Bormone, respectively. The Ha-ras and Ki-ras oncogenes are
guanosine triphosphate-binding proteins. The abl. fes. and sre
cncogenes are lyrosine Kinases.

MM5 671

9 (D) Nonenveloped, double-stranded DNA virus with
penton fibers at its vertices. In 194 1. an adenovirus was respon-
sible for 10.000 cases of keratoconjunctivitis among shipyard
workers in Pearl Harbor. This virus is airborne and is casily trans-
mitted. Eve irritation due to foreign materials, such as paint chips.
facilitates the inlection. Adenovirus is a nonenveloped DNA virus
with fibers attached 1o its icosadeltahedral capsid. The fiber pro-
teins at the pentons are the VAPs, Arenaviruses, bunyvaviruses.
floviruses.  orthomyxoviruses, paramyxoviruses. and rhab-
doviruses have enveloped, single-stranded. negative-sense RNA.
Enveloped. single-stranded, positive-sense RNA viruses include
coronaviruses, llaviviruses, retroviruses, and togaviruses. Papo-
vaviruses have nonenveloped, double-stranded. circular DNA.
Nonenveloped. single-stranded. positive-sense RNA viruses are
astroviruses. caliciviruses, and picornaviruses.

MMS5 534

10 (C) Endogenous reactivation of an earlier infection. Vari-
cella-zoster virus (VZV) is the agent of chickenpox (also called
varicella) and shingles (also called herpes zoster), An individual
may acquire chickenpox via inhalation of aerosolized droplets of
VZV or via contact with a lesion. After an individual has chick-
enpox. VZV becomes latent, The VZV virions reside in the nerve
ganglia and reactivate when the conditions are favorable. The

distribution of' lesions is restricted to a dermatome as in this case.
Contaminated food or water can transmit some nonenveloped
viruses, but VZV has an envelope and cannot be transmitted by
the fecal-oral route, Needle sticks mav transmit viruses that
cause chronic viremia, such as HIV and HBV, but they do not
transmit VZV. Some viruses. such as HIV. HBV. cytomegalovirus.
herpes simplex viruses, and Papillomaviruses. are sexually trans-
mitted: however, VZV cannot be transmitted in this manner.
MMS5 550

11 (D) IFN-o. Treatment with this agent inhibits a step in
virus replication, such as protein synthesis, that is common to
most viruses. The compound probably induces TFN-a. Influenza
and other single-stranded, negative-sense RNA viruses are sen-
sitive 1o the interferon because thev produce a double-stranded
RNA intermediate during replication of the genome. The double-
stranded RNA induces the interferon and also activates the
antiviral state in an interferon-treated cell. The double-stranded
RNA activates protein kinase R (PKR), an inhibitor of protein
synthesis, and a ribonuclease to degrade mRNA. Acyelovir is a
nucleotide analogue with a truncated sugar. It is activated by the
thymidine kinase of herpes simplex virus (HSV) or VZV and then
inhibits the viral DNA polymerase. It is specilic for the HSV and
VZV herpesviruses. Amantadine is not effective against influenza
B virus. It inhibits the uncoating of intluenza A virus. Because
viral mRNA is present, the degradation ol the couating must
have occurred. AZT inhibits the reverse transcriptase of HIV,
Ribavirin. a guanosine analogue that is approved for the treat-
ment of respiratory syncytial virus infection. inhibits replication
and promotes hypermutation of viruses. It is elfective against
RNA viruses.

MM5 144

12 (D) Norwalkvirus. Norwalk virus, a member of the family
Noroviridae. is an extremely small virus with an icosahedral
capsid and a single-stranded. positive-sense RNA genome. The
Norwalk virus causes outbreaks that affect a large number of
exposed individuals. Adenoviruses are large. double-stranded
DNA viruses with an icosahedral capsid that has fibers. Some
adenoviruses cause diarrhea ie.g.. adenoviruses 41 and 421,
Coronaviruses are medium, single-stranded, positive-sense RNA
viruses with an envelope and a halo-like appearance. Corona-
viruses are resistant to the conditions of the gut and are sus-
pected ol causing diarrhea. Rotaviruses. which are reoviruses,
are large. double-stranded RNA viruses with a double capsid.
They arc a major cause of diarrhea in infants and can also cause
similar svmptoms in adults. Coxsackieviruses are small, single-
stranded, positive-sense RNA viruses with an icosahedral capsid.
Coxsackieviruses are picornaviruses and do not usually causce
diarrhea.

MMS5 594

13 (E) Yellow fever virus. Sensitivity 1o detergents indicates

the presence of an envelope. A genome is infectious i the DNA
or RNA can be injected into a cell and is sufticient to intect the

109




cell. The only genomes that are infectious are DNA viral genomes
and positive-sense RNA viral genomes. Yellow fever virus and
other flaviviruses have an envelope and a single-stranded,
positive-sense RNA genome. Papillomaviruses, adenoviruses.
HAV, and hepatitis E virus (HEV) do not have envelopes and are
therefore not sensitive to detergents. Papillomaviruses and other
papovaviruses have a double-stranded. circular DNA genome.
Adenoviruses have a linear double-stranded DNA genome. The
HAV and other picornaviruses have a single-stranded. positive-
sense RNA genome. The HEV also has a positive-sense RNA
genome. Therefore all of the viruses listed in the answers to this
question have infectious genomes.

MMS5 51, 637

14 (B) Breast-feeding the infant. A sccretory antibody in
the mother's milk can protect the infant from infection with
rotavirus. Rotavirus infection occurs by the fecal-oral route,
Although utensils may be the source of infection, the virus is
more likely to be passed from hand to mouth. It is almost impos-
sible to keep infanis' hands clean. The vaccine against rotavirus
is a genetic mixture of RNA segments [rom rotaviruses of differ-
ent species and is a live vaccine. Amantadine is used to prevent
or treat infection with influenza A virus, not rotavirus.

MM5 111, 631

15 (D) Norwalk virus. Norwalk virus is a member of the
Noroviridae family and is composed of single-stranded RNA sur-
rounded by an icosahedral capsid. No envelope is present. which
can account for the environmental stability of this virus. Other
RNA viruses listed in the answers to this question are influenza
virus (member of the Orthomysxoviridae family). Lassa fever
virus (Arenaviridae). and respiratory syncytial virus | Paramyx-
oviridae). Each of these has an envelope, Herpes simplex virus is
an enveloped DNA virus.

MM5 51, 594

16 (D) Immunofluorescence of tear-infected tissue culture
fibroblasts. Although the findings of atypical lymphocytes in
the serum sample, epithelial cells in the urine sample, and viral
DNA in the blood sample would suggest the presence of a CMV
infection, they are not taken from the affected site (the eve] and
are therefore not relevant to the diagnosis of CMV retinitis, The
presence of atypical lymphocytes also would not confirm the
diagnosis of CMV retinitis. Alypical lymphocytes are seen during
infectious mononucleosis (which is caused by EBV) and cven
during the initial phase of HIV disease. CMV is an opportunistic
pathogen. In paticnts with AIDS, the immunosuppression allows
the reactivation of CMV in many tissue sites. and systemic infec-
tion spreads the virus throughout the bady. Tissue culture isola-
tion is the gold standard for analysis. The only relevant samples
are those taken from the affected site {in this case, tears from the
infected eye); thus immunofluorescence of tear-infected tissue
culture fibroblasts would help diagnose this patient's CMV
retinitis.

MM5 514, 561

17 (B) H1N2. The mobilities of the RNA for the hemagglu-
tinin (HA) match the 1991 isolate. and those lor the neu-
raminidase (NA) match the 1989 isolate. The influenza virus has
a segmented RNA genome that can reassort its segments when
it is coinfected. This reassortment generates diversity, especially
if viruses from human and animal coinfect a common host.
HINI is the designation for the 1991 isolate, and H3N2 is the
designation for the 1989 isolate. The coinfection described in
the question differs from each of these. The data indicate
that reassortment (not gross change in genetic composition)
occurred.,

MM5 613, 615
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18 (D) nef. The patient’s disease manifestations are consis-
tent with the diagnosis of ATDS, a syndrome caused by infection
with HIV. HIV mutants lacking nef do not cause AIDS, but the
mutants replicate and have been considered for vaccine devel-
opment. Viral replication requires gag, gpl20, integrase, and
protease. The group-specific antigen (gag) includes the capsid
proteins required for the virion structure. The VAP gpl120 is
required to initiate infection. Integrase is required to insert the
viral cDNA into the chromosome to allow replication. Prolease
is necessary for maturation of the virion.

MM5 660

19 (O Icosahedral capsid. The patient's age and symptoms
as well as the results of the Gram stain and other laboratory find-
ings suggest the diagnosis of meningitis caused by echovirus 11.
This virus is associated with outbreaks of meningitis in children
and is transmitted via the fecal-oral route and possibly via
aerosols. Like other picornaviruses. echoviruses have a virion
capsid that is impervious to the conditions of the gastrointesti-
nal tract and to drying. Echoviruses and other picornaviruses do
not have an envelope. Envelopes are membranes that are labile.
Enveloped viruses that may cause meningitis include mumps
virus. herpes simplex virus, varicella-zoster virus, HIV, lympho-
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cvtic choriomeningitis  virus, and some togaviruses and
flaviviruses. Echoviruses do not have hemagglutinin. Hemagglu-
tinins are the attachment proteins for orthomyxoviruses and
paramyxoviruses. Echoviruses also do not have NA. NA removes
the binding structure (sialic acid) from the virus receptor and is
present in orthomyxoviruses and some paramyxoviruses.
Echoviruses and other picornaviruses are capsid viruses that
have a valley into which the cellular virus receptor inserts. In
contrast. adenoviruses and reoviruses are capsid viruses
with structures sticking out of the capsid. Enveloped viruses
have glycoproteins, but picornaviruses do not.

MM5 579

20 (C) Presence of retroviral DNA may be due to an endoge-
nous virus. The stem of the question does not define the retrovi-
ral sequences that were amplified by PCR. Because PCR is such
a highly sensitive technique. endogenous retroviruses can be
amplified when it is used. Although HTLV-T is endemic in
southern Japan, the presence of retroviral DNA is not proof that
HTLV-Tis involved in the disease. Environmental factors have not
been identified for induction of HTLV-I lenkemia. HTLV-I does
not express an oncogene, HIV and HTLV-1 infect the same cell
tvpe. However, HIV kills CD4 T cells, whereas HTLV-T stimulates
the growth of these cells, HTLV-I has a lag period of up to 30
vears before the leukemia occurs.

MMS5 673

21 (E) Ribavirin, Although ribavirin is mainly used for the
treatment of infants with respiratory syncytial virus infections.
it is also effective against hepatitis C virus {HCV) and against
Lassa virus, an arenavirus that causes Lassa [ever as is suspected
in the patient. Ribavirin is a guanosine analogue that inhibits
virus replication and other guanosine-related activities, Acy-
clovir is used to treat HSV and VZV infections. Amantadine is
used to treat influenza A (but not influenza B or C). Azidothymi-
dine, which is also called zidovudine, is used to treat HIV infec-
tion. Foscarnel is used to treat HSV, VZV. and cytomegalovirus
(CMV) infections.

MM5 504

22 (A) Assembly. Virus assembly is one of the last steps in
viralreplication and is a likely target of antiviral drugs. The order
of the steps in viral replication is as follows: binding to host cells.
penetration of host cells, uncoating, protein and DNA synthesis,
assembly of new virions, and escape from host cells. The ability
of the new drug to inhibit viral replication when it is added as
late as Sh after exposure indicates that the steps preceding
assembly are not affected.

MM5 61

23 (D) The vaccine is usually administered with an adju-
vant. Inactivated vaccines use a large anti genic exposure to stim-
ulate an immune response without the risk of an active
infection. Because the inactivated vaccine material will not
persist in the host as long as a live vaccine. however, inactivated

SECTION II

vaccines are usually administered with an adjuvant such as
alum. which boosts the immunogenicity of the vaccine. The
adjuvant can also influence the type of the immune response
induced by the vaccine. Booster doses are commonly adminis-
tered with the vaccine. Most inactivated vaceines do not ind uce
alocal IgA response. immunity s primarily humoral, and immu-
nity is not usually lifelong as with many live vaccines,

MM5 160-162

24 (D) Polio vaccine. The oral polio vaccine (OPV) is a live.
atlenuated vaccine and is also called the Sabin vaccine. The inac-
tivated polio vaccine (TPV) is a killed virus vaccine and is also
called the Salk vaccine. The Centers for Disease Cont rol and Pre-
vention (CDC) now recommends that children in the United
States receive the IPV rather than the OPV. The hepatitis B
vaccine is a subunit vaccine consisting of HB.Ag prepared in
veast by recombinant DNA technology. The annual influenza
vaccine is a mixture of killed viruses representing the predicted
virus threats for the year, The Lyme disease vaccine, LYMErix. wa S
a killed vaccine that prevents transmission of the bacteria from
the tick. Only a live, attenuated varicella vaccine is effective,
MM5 163, 587

25 (E) Thymidine kinase. The lesions are characteristic of
herpes gladiatorum and oral herpes. diseases caused by HSV. The
disease is spread when one person's vesicular lesion {usually oro-
facial) comes into contact with another person’s skin and the
infectious agents are rubbed into an abrasion of the skin. Thymi-
dine kinase is a scavenging enzyme that is encoded by HSV and
is the target for some drugs that are effective in the treatment of
HSV infections. HSV does not encode the enzymes in the incor-
rect answers to this question. Integrase is made by retroviruses.
The 5N-methyl capping enzyme is a cellular enzyme found in the
nucleus and also encoded by reoviruses. NA is made by influenza
viruses. RNA-dependent RNA polymerase is encoded by RNA
viruses but not by retroviruses or DNA viruses.

MM5 547

26 (D) In situ DNA hybridization analysis of cells from the
cervical smear. Human papillomavirus (HPV) types 16 and 18
cause wart-like lesions characterized by koilocytotic cells. These
HPYV types are also associated with cervical carcinoma. The viral
DNA is present and can be detected in the cells. but virus is
not produced and immune responses are minimal, Immune
responses to HPV are minimal, Hemadsorption, or binding of
erythrocytes to the cell surface, is useful for viruses with a
hemagglutinin but not for HPV. HPV generally does not replicate
in infected cells and does not produce readily detectable antigen
in those cells. The virus is not produced in detectable amounts,
and no tissue culture growth system is available for clinical lab-
oratory usc,

MM5 178, 527

27 (A) Cowdry type A inclusion bodies. Cowdry type A inclu-
sion bodies, syneytia. and margination of chromatin are charac-
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teristic of HSV infection. HSV can cause encephalitis throughout
the vear. unlike arboviral encephalitis viruses. Downey cells.
hemagglutinin, Negri bodies. and owl's eve inclusion bodies are
not associated with HSV infections, Downey cells are abnormal
lvmphocytes associated with EBV infections, Hemagglutinin is
associated with influenza, parainfluenza, and other viruses, Negri
bodies are seen in rabies virus infected cells. Owl's eve inclusion
bodies are seen in cytomegalovirus-infected cells.

MM5 548

28 (D) Parvovirus B19. The genetic material in a virus can
be either DNA or RNA and can present in the double-strand or
single-strand arrangement. Poliovirus is a member of the Picor-
naviridac lfamily of RNA viruses. All of the other viruses listed in
the answers to this question are DNA viruses. Most DNA viruses
contain double-stranded DNA. The exceptions are the Parvoviri-
dae that include parvovirus B19 and adeno-associated virus
(AAV).

MM5 50-52, 574

29 (A) Circular double-stranded DNA. The history and find-
ings in this case are consistent with the diagnosis of progressive
multifocal leukoencephalopathy (PML), a disease that aflects
immunosuppressed patients and is caused by a ubiquitous poly-
omavirus called JC virus, Polvomaviruses have a circular double-
stranded DNA genome and encode T antigen as an ca rly protein.
Viruses with linear double-stranded DNA include herpesviruses,
adenoviruses, and HSV Vv
encephalitis. Rhabdoviruses and paramyxoviruses are examples
of viruses with linear single-stranded necgative RNA geNomes
that cause neuronal disease. Rabies. a rhabdovirus, and measles

poxviruses. and can cause

and its variant. subacute sclerosing panencephalitis (SSPL)
virus, cause neuronal disease. Picornavirus (polio), Logavirus
fequine encephalitis), and tlavivirus (St. Louis encephalitis) are
examples of positive-stranded RNA viruses that cause neuronal
disease. Hepatitis B (a hepadnavirus) is the only human virus
with partially double-stranded DNA.

MM5 529

30 (E) VZV. A live, attenuated vaccine for VZV. the Oka
strain, is administered to children at the same time as the
measles. mumps, and rubella (MMR} vaccine. A formalin-
inactivated HAV vaccine has been developed and is h ighly eflec-
tive. with a strong antibody response after a single dose is admin-
istered. HBV vaccines are subunit vaccines. Vaceination is
recommended for infants, children, and people in high-risk
groups. A series of three injections are highly protective. The
influenza virus vaccine is prepared using formalin-inactivated
virus, The rabies vaccine is a killed-virus vacecine prepared
through the chemical inactivation of rabies-infected tissue
culture human diploid cells. This vaccine is administered as pos-
texposure prophylaxis in a series of five immunizations during
the course of 1 month.

MMS5 164, 553
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31 (B) Disease is sexually transmitted. HTLV-I is a retro.

virus that can cause adult T cell leukemia or lymphoma (ATILLY
and tropical spastic paraparesis. The virus is transmitted sexue
ally. congenitally. or via contact with contaminated blood prod=
ucts or breast milk. ATLL and HTLY are endemic in many parts
of Japan. There is no vaccine against HTLV. HTIV-1 infection
does not rapidly promote lymphomagenesis. The latent period
can be 30 or more years. Oncogene-encoding retroviruses
rapidly cause tumors, but HTLV-I does not encode an oncogene.
HIV infection. not HTLV infection, is susceptible to treatmens
with azidothymidine (zidovudine). An RNA-dependent RNA
polymerase is present in cells infected with RNA viruses other
than retroviruses. Retroviruses encode an RNA-dependent DNA
polymerase.

MM5 672

32 (D) Restriction fragment length polymorphism (RFLP)
techniques. There are two types of HSV. called HSV-I and HSV-
IT. Samples from a common source would be identical in terms
of their strain and their HSV type, RFLP identifics DNA sequence
differences of strains from different individuals and is the only
technique that can identify specitic virus strains harbored by
individuals. Although examination of tissue cultures may reveal
differences in the cytopathologic effects of virus strains {with
some strains producing more syncytia, for exam ple. or causing
a greater extent of cell damage). this method is too imprecise to
identify and compare the strains of a virus. Immunofluorescence
and in situ DNA hybridization can distinguish the tvpes of HSV
IHSV-1 versus HSV-IT) but cannot distinguish the different strains
ol HSV. The Western blot assay of the antibody will not indicate
the strain of infecting virus. Serologic tests for HSV are generally
not useful.

MMS5 178, 548

33 (E) Virus infection targets erythrocyte precursor cells.
The patient has a parvovirus B19 infection. Parvovirus B19 is an
extremely small, simple virus that requires a rapidly growing cell
to replicate. Infection of erythrocyte precursor cells causes a
decrease in the already reduced number of ervthrocytes found
in patients who have a potential for anemia. The sickle cell trait
does not affect an individual's susceptibility to parvovirus B19
infection. The erythrocyte does not have a nucleus and cannot
be infected or produce a virus. Malaria has nothing to do with
parvovirus B19 infection, The sickle cell trait reduces an indi-
vidual's risk for serious falciparum malaria, An IFN may be
responsible for some of the flu-like symptoms but is not respon-
sible for anemia,

MM5 573

34 (B) Modifies the host cell membrane during replication.
Members of the family Herpesviridae and DNA viruses with
the genome are surrounded by an icosahedral capsid and covered
with DNA  replication and assembly into
the capsids occurs in the nucleus of infected cells. The envelope

an  envelope.




is acquired from the host nuclear or Golgi membrane as the
viruses exit the nuclens. The viruses exit the cell by exocytosis or
by lysis of the cell. Enveloped viruses are more labile than nonen-
veloped viruses, Because they are susceptible to drying and deter-
sents. they are not easily spread by fomites or by hand contact.
MMS5 51, 514

35 (B) The viral genome contains many nonessential
genes. The vaccinia vector contains and causes expression of
inserted genes that replace nonessential genes. These infected
cells will then process and present antigens (including the incor-
porated antigen) as If the host had a normal vaccinia virus infec-
tion. This initiates a natural immune response, with the hosi
responding as if the vector were a live virus vaccine. Routine vac-
cination for smallpox is no longer performed. Spread to other
hosts is not relevant to this vaccine. A broad range of hosts
would indicate the ability to infect humans and animals. This
would facilitate vaccine production but not vaccine action. A
noneyvtolytic virus may be better for presenting antigen than a
cylolytic virus.

MM5 567

36 (B) Uncoating. Antiviral agents can disrupt a variety of
steps in viral attachment and penetration to the host cell; can
disrupt uncoating. transcription, protein synthesis, and nucleic
acid replication: and can aflect assembly and release of viral par-
ticles. After the uptake of many viruses. the acidic environment
ol the endocytic vesicle is used to initiate uncoating, which is
the release of nucleic acid from the nucleocapsid. Specifically. the
acidic pfl promotes conformational changes in the attachment
proteins that promote fusion or membrane disruption. Amanta-
dine, a weak organic base, can neutralize the pH of these com-
partments and inhibit uncoating, Also, amantadine has specitic
activity against influenza A virus by inhibiting the ion channel
activity of influenza A virus M2 protein, thus preventing viral
uncoating and release of viral RNA into the cytoplasm. This
antiviral activity does not interfere with attachment, transcrip-
tion, replication, or viral assembly.

MM5 56

37 (A) Influenza vaccine. A child who has leukemia and is
undergoing treatment is assumed to be immunosuppressed. The
only safe vaccine is therefore an inactivated vaccine. The
influenza vaccine is an inactivated vaccine that is prepared in
eags and consists of protein from influenza virus strains repre-
senting the predicted epidemic or pandemic strains of the next
vear. Live vaccines, such as for measles, mumps. and varicella,
and the oral polio vaccine (OPV). may initiate disease in the
weakened host, The inactivated polio vaccine is a safe alternative
to the OPV.

MM5 161, 616

38 (A) Rubella virus causes asymptomatic infection. To
eliminate a disease. it is important to eliminate the source of

transmission. For smallpox, everyone who was infected with
variola virus showed obvious symptoms and therefore could be
quarantined to prevent spread of the virus, Not everyone who is
infected with rubella virus is symptomatic. Asymptomatic unvac-
cinated individuals can spread rubella. Both rubella virus and
variola virus cause viremia, so antibody is important to limit the
spread of these viruses in the body. Variola virus and rubella virus
cach have only one serotype. Therefore only one vaccine strain is
required. and immunity prevents subsequent infections. The host
range of both rubella virus and variola virus is limited to humans.
This means that there are no animal reservoirs that can reintro-
duce these viruses into the population. Live vaccines are used to
prevent both smallpox and rubella. The smallpox vaccine consists
of live vaccinia virus that shares antigenicity with variola virus.
The rubella vaccine consists of live, attenuated rubella virus.
MM5 646

39 (D) Establish latent infections. The herpesviruses are
able to establish latent infections in their hosts. HSV and VZV
establish latency in neuron cells. EBV establishes latency in B
cells. and cytomegalovirus establishes latency in monocytes and
lymphocytes.

MMS5 545

40 (D) Persistence in erythrocytes that establishes pro-
longed viremia. The Colorado tick fever virus infects erythroid
precursors and persists in a protected manner in erythrocytes.
When the tick takes a blood meal from a mammal. it is likely to
acquire the virus. Like other reoviruses, the Colorado tick fever
virus is a double-stranded RNA virus that has a double capsid.
Its capsid protein is the VAP Its genome is segmented. but
reassoriment is not relevant to transmission. Persistence of the
virus in ervthrocytes is the property most relevant to transmis-
sion. Replication of virions in the salivary gland of ticks allows
the virus to pass from ticks to mammals, not from mammals to
ticks.

MMS5 633

41 (A) Cowdrytype Ainclusion bodies. The history and find-
ings in this case are consistent with the diagnosis of herpetic
whitlow. a skin infection that is caused by HSV and is an occu-
pational hazard for dental and medical care workers. Cowdry
type A inclusion bodies are a characteristic of HSV-infected cells.
Downey cells are abnormal lymphocytes associated with EBV
infections. Koilocytotic cells are seen in association with HPV
infections. Although HPV strains infect the cervix, they are
unlikely to infect a gynecologist's finger, and they would not
cause vesicular lesions. Negri bodies are seen in rabies virus
B-infected cells. Owl's eve inclusion bodies are found in
cyvtomegalovirus-infected cells.

MM5 548

42 (A) Circular double-stranded DNA, The patient’s clinical
manifestations are consistent with the diagnosis of scalded skin
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syndrome, a toxin-mediated disease caused by Staphylococcus
awreus. In addition to causing scalded skin syndrome, staphylo-
coccal toxins cause staphylococcal food poisoning and toxic
shock syndrome. Like other bacteria, S
double-stranded DNA. Adenoviruses have double-
stranded DNA with protein attached to the 5N ends. Fungi
and parasites are eukaryotes that have multiple linear diploid
DNA strands (chromatin), Bunyaviruses, orthomyxoviruses,

aureus has circular
linear

paramyxoviruses, and rhabdoviruses are examples of viruses
that have negative-sense single-stranded RNA. Caliciviruses,
coronaviruses, flaviviruses, picornaviruses, and logaviruses are
examples of viruses that have posilive-sense single-stranded
RNA,

MM5 50

43 (B) Influenza virus. The influenza virus vaccine is pre-
pared using formalin-inactivated virus. Killed whole-virus vac-
cines are prepared from virus grown in embryonated eggs and
then chemically inactivated, Detergent-treated virion prepara-
tions and extracts of viral hemagglutinin and NA are also avail-
able. HBV vaccines are subunit vaccines, The rubella vaccine is
a live, attenuated virus (e.g., cold-adapted RA27/3 strains). Vac-
cination for smallpox includes a live vaccinia virus. A live, atlen-
uated vaccine is used for VZV, the Oka strain,

MM5 160, 616

44 (D) VZV establishes viremia, Circulating antibody is
most eflective at blocking viremia, VZV but not H SV is dissemi-
nated in the body by viremia. Both HSV and VZv produce syn-
cytia, are neurotropic, and encode thymidine kinase. Unlike HSV
VZV'is transmitted by the respiratory route. The immune globu-
lin, however, has no effect on respiratory transmission.

MMS5 550

45 (A) Activation of unrelated antibody production. The
patient’s clinical and laboratory findings are consistent with the
diagnosis ol infectious mononucleosis due to EBV. The monospot
Lest detects heterophil antibodies. which are characteristic of an
EBV infection and react with sheep, horse, and bovine erythro-
cytes. This virus is not associated with (he activities of binding
ol erythrocytes to infected cell surfaces, continued release
ol surface antigen, and integration of ¢DNA into host chro-
matin. Influenza virus and some paramyxoviruses make hemag-
alutinins that are expressed on the surface of infected cells
and will bind erythrocytes. HBV causes continued release of
HB.Ag until the viral infection is controlled. Retrov ruses make
a cDNA intermediate that can be integrated into the chromo-
some. EBV is associated with heterophil antibodies. CMV
another agent of mononucleosis. is not associated with het-
crophil antibodies: it is associated with owl's eye inclusion bodies
in infected cells.

MM5 555

46 (A) DNA-dependent DNA polymerase. CMV is a member

the family Herpesviridae and the subfamily Betaherpesviri-
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nae. Unlike members of the subfamily Alphaherpesvirinae, CMV
does not encode thymidine kinase. Ganciclovir is phosphorylated
by a viral enzyme, and then it inhibits the viral DNA polymerase,
NAis a new drug target for the influenza virus, It is not the target
for ganciclovir. Ribonucleotide reductase is a potential drug
target for herpesviruses, but it is not the target for ganciclovir,
RNA-dependent DNA polymerase is reverse transcriptase (RT}. Tt
is encoded by retroviruses, such as HIV. and is a major target for
anti-HIV drugs. It is not the target for ganciclovir. Thymidine
kinase is encoded by HSV and V2V, which are members of the
subfamily Alphaherpesvirinae, Thymidine kinase is not encoded
by CMV, which is a member of the su bfamily Betaherpesvirinae,
Thymidine kinase activates acyclovir and penciclovir, which
then inhibit the viral DNA polymerase. Valacyclovir and famci-
clovir are prodrugs of acyclovir and penciclovir, respectively,
MM5 506, 561

47 (B) Rabies. Passive Immunity in the form of immune
globulin is used to prevent disease after a known exposure to a
specitic pathogen (e.g., rabies), to ameliorate the symptoms of an
ongoing disease, 1o protect Immunosuppressed patients, and to
block the action of bacterial toxins. Human immune serum glob-
ulin preparations are available for HBV, VZV rabies, and letanus.
Diphtheria is treated by the early administration of diphtheria
antitoxin that neutralizes the bacterial exotoxin. Streptococcal
necrotizing fasciitis is treated with antibioties and aggressive
surgery. Toxic shock syndrome and typhoid fever are treated with
antibiotics.

MMS5 159, 623

48 (B) Ebola virus. Like other filoviruses, Ebola virus has
a filamentous shape and is an enveloped, single-stranded,
negative-sense RNA virus. Ebola virus causes such deadly out-
breaks that hosts are killed before they can spread the disease,
All of the viruses listed in the answers to these questions are
RNA viruses that cause hemorrhagic fever, Only a flovirus. such
as kbola virus, has the filamentous shape shown in the figure,
Lassa virus is an arenavirus.
Hantavirus and Rift Valley fever virus are bunyaviruses.

MM5 623

Dengue virus is a flavivirus.




Profile D. The presence of antibody to VCA and MA,
of the virion, are developed at the same time during
of disease. laM to VCA may also be present. but
W Epstein-Barr nuclear antigen (EBNA) arises during

38

W) Treatment with rimantadine, An individual whois 80
living in a nursing home is likely to be at high risk
disease if infected with influenza. The patient should
iv begin taking rimantadine or another anti-influenza
L ke amantadine. rimantadine inhibits the uncoating of
1za A (bui not B) virus. These drugs are efficacious in

ation of influenza A if given within the first 24h of
~ Because of the nature of the disease. the drugs are not
f treatment is delayed. As soon as practicable, he should
s immunized with influenza vaccine. After the influenza
w is given. it takes 2 weeks for an adequatc antibody
serse 1o form. Although the vaccine will have no impact on
satient’s current infection, it will prevent subsequent infec-
with the particular influenza strains that are covered in the
cine. Acvelovir is a drug used to treat HSV and has no activ-
o influenza. There is no specitic immune globulin for
T .

WS 510, 616

81 (A) Viral genome is produced in the cytoplasm; virus is
smcapsulated in the cytoplasm. This correct answer describes
swornaviruses: coxsackieviruses are encapsulated RNA viruses
ot replicate in the cytoplasm and are members of the family
#cornaviridae. Enveloped viruses have a single-stranded,
secative-sense RNA genome that is produced in the cytoplasnt;
he virus is enveloped at the plasma membrane, Adenoviruses
bave a viral genome that is produced in the nucleus, and the
irus is encapsulated in the nucleus. The herpesvirus genome is
~~oduced in the nucleus, and the virus is enveloped at the
auclear membrane. Last. the retrovirus nucleus produces
the viral genome. and the virus is enveloped at the plasma
membrane.

MM5 59

52 (E) Virus whose replication is dependent on the epithe-
lial cell differentiation stage. The growth is a common wart. It
is caused by HPV and is transmitted by contact. Replication of
the virus is tightly controlled by the transcriptional apparatus
of the skin or mucoepithelial cell. Fungi that exhibit septate
hyphae, are not thermally dimorphic, and metabolize keratin are
dermatophytes. which commonly cause tinea pedis (athlete’s
foot) and other superficial mycoses. Koilocytosis is not associ-
ated with dermatophyte infections. A large. enveloped, linear
double-stranded DNA virus describes a herpesvirus. Herpes-
viruses cause vesicular lesions. HPV does not grow in tissuc
culture.

MMS5 523

53 (B) Coxsackievirus A. This patient has aseptic meningitis.
Enteroviruses are the most common cause ol viral meningitis
during the summer months. with flaviviruses such as St. Louis
encephalitis virns and West Nile virus also common during epi-
demic periods. The blisters in the patient’s throat and mouth are
consistent with a preceding coxsackievirus A infection. Specific
diagnosis ol coxsackievirus A infections is most commonly made
by molecular methods such as PCR amplification of viral nucleic
acids. I bacteria, such as S. pnewmoniae, were responsible for
this patient's infection, the progression of disease would have
been more rapid, and the CSF profile would have been different
{ie.. predominance of polymorphonuclear leukocytes. low
alucose, and elevated protein}. C. neoformans can cause d similar
clinical picture; however. without treatment. the yeast would
have been seen on Gram stain and would have grown on both
the bacterial and fungal media. HSV can produce vesicular
lesions and aseptic meningitis as seen in this patient. However.
this diagnosis is less likely because the viral cultures were nega-
tive. In addition. aseplic meningitis is more commonly associated
with genital vesicular lesions. N. fowleri can cause a primary
meningoencephalitis; however, this disease is rapidly [atal.
and the amoeba would be observed in the CSF upon careful
examination.

MM5 585

54 (C) Chickens are the incubators for new strains of
influenza virus. Influenza A virus has a broad range ol hosts,
including pigs. ducks, chickens. and humans. When an animal
is coinfected with several different virus strains, the segments of
the virus genome can undergo reassortment (mix and match) to
produce a new strain of influenza virus. and the new strain may
subsequently infect humans. In this way, chickens can serve as
incubators lor new strains. Although chicken feathers may
harbor the virus that causes Marek's disease, they do not harbor
influenza virus. Influenza viruses do not elicit viremia. so
influenza would not be transmitted by mosquitoes. Intluenza
viruses do not usually spread systemically, so an outbreak due to
contamination of chicken meat is unlikely. Furthermore,
influenza is not acquired by the fecal-oral route. Infection with
a particular strain of influenza virus provides immunity only
against that strain of virus, The authorities eliminated all the
chickens in the region of Hong Kong because they were worried
aboul a new strain of virus.

MM5 613

55 (B) Echovirus 11. The negative results of a Gram stain
and the presence of a predominantly mononuclear cell infiltrate,
a slightly elevated protein concentration, and a normal glucose
concentration indicate that the patient is suffering from aseptic
meningitis. RT-PCR converts RNA into DNA. All RNA viruses.
including echovirus 11 and other picornaviruses, encode poly-
merases. Echovirus 11 is a common cause of meningitis. C.
neoformans is an encapsulated yeast that causes chronic fungal
meningitis. E. coli causes acute bacterial meningitis in neonates
but usually does not cause this disease in children. S. pneumoniae
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iIs a common cause of bacterial meningitis. RT-PCR converts
RNA into DNA, HSV is not an RNA virus and does not usually
cause meningitis in children.

MM5 585

56 (E) Sudden onset of symptoms. Hepatitis A difters from
hepatitis B. C. or I in that it has an abrupt onset of symptoms
and is more often accompanied by rigor. HAV is transmitted vig
the Tecal-oral route, not through sexual contact. Although 3-
vear-olds are susceptible to hepatitis A infection, they may not
show symptoms of this infection and are likely to be the means
of virus transmission. The symptoms described for this patient
represent the prodrome of hepatitis but are not specilic for infec-
tion with hepatitis A. The presence of jaundice suggests hepati-
tis or billary tract obstruction, Jaundice appears after the
prodrome of hepatitis. Its appearance after 5 days does noi offer
clues regarding the causative agent, The symptoms of fever.
fatigue. nausea. stomach pain, and loss of appetite are also char-
acteristic of other hepatitis viruses,

MM5 677

57 (D) Smallpox virus. Smallpox. the most important
member of the genus Orthopoxvirus, is among the largest and
most complex viruses. The central core of double-stranded DNA
and protein is surrounded by a core membrane and then an
outer membrane and envelope. Hepatitis C and Wesi Nile viruses
are members of the family Flaviviridae, which are enveloped
single-stranded RNA viruses. Respiratory syncvtial virus, a
member of the family Paramyxoviridae viruses, is also an
enveloped. single-stranded RNA  virus. Papillomavirus is a
nonenveloped. double-stranded DNA virus.

MM5 565

58 (D) Smallpox virus. The patient’s clinical manifestations
are consistent with the diagnosis of molluscum conta giosum, a
disease caused by @ poxvirus. Smallpox virus is in the same
family of viruses., Coxsackievirus A is a picornavirus that causes
vesicular lesions. HPV type 11 is a papovavirus that causes wart-
like lesions. Mumps, like measles, is a paramyxovirus: measles is
an exanthematous disease, whercas mumps is characterized by
swollen glands. VZV, like HSV is a herpesvirus that causes
vesicular lesions.

MM5 565

59 (C) HSV. HSV is an increasingly important cause of

pharyngitis, especially in sexually active individuals between the
agesol 18 and 35 years. HSV induces the cellular changes noted
in the patient described, Adenoviruses are agents of pharyngitis
and pharyngoconjunctival fever, They will cause cell death and
nuclear inclusion bodies but will not produce syncytia. EBV
causes infectious mononucleosis, a disease in which pharyngitis
is @ major manifestation. The virys. however, is not isolated in
the laboratory and does not produce the cytopathologic effects
described. Influenza viruses cause pharyngitis in association
with other respiratory tract symptoms, The viruses can cause
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hemagglutination or hemadsorption but would not produce the
cytopathologic effects described, The classic manifestations of
measles do not include pharyngitis. The measles virus will cause
syneytia but, like the influenza viruses. will not result in the
other evtopathologic effects,

MMS5 544

60 (D) Genome that is infectious. California encephalitis
virus is a bunvavirus with a negative-sense RNA genome. St.
Louis encephalitis virus is a flavivirus with a positive-sense RNA
genome: this type of genome is sufficient to initiate infection
upon microinjection into a cell. Both viruses have RNA genomes
and a broad range hosts, including humans, animals, and mos-
quitoes, The vectors are Culex (forest) maosquitoes for California
encephalitis virus and Aedes [cily) mosquitoes for St Louis
encephalitis virus.

MM5 637, 651

61 (B) Protein. The findings in this patient are characteristic
ol Creutzleldt-Jakob disease (C]D). A medified host protein that
is infectious causes the disease. This agent is called a prion.
No genome has been detected for prions. Glycoproteins are
found in the envelope of viruses. Most enveloped viruses are
made ol proteins, glycoproteins, and lipids. Enveloped viruses do
nol only contain glycoproteins and lipids or only proteins and
lipids.

MMs5 691

62 (D) Acetylcholine receptor on neurons. Binding of VAPs
to specific cell receptors determine which cells are infected by
the virus. The receptors may be proteins, glvcoproteins, or aly-
colipids. Rabies virus binds to the acetylcholine receptor
on neurons. Examples of other receptors for viruses include the
following: EBV binds to the C3d complement receptor on B lym-
phocytes. HIV binds to the CD4 molecule and chemokine core-
ceptor on T lymphocytes. poliovirus binds to theimmunoglobulin
superfamily protein on epithelial cells. and influenza A virus
binds to sialic acid receptors on epithelial cells.

MM5 55

63 (D) HPV type 16. HPV type 16 or type 18 is found in asso-
ciation with most cervical cancers. Adenovirus lype 2 is a virus
that commonly infects the respiratory tract. Some adenoviruses
have been found to cause tumors in hamsters but not in humans.
C. trachomatis and parvovirus B19 are not associaled with dys-
plasia and cancer. C. trachomatis causes eve infections, urethri-
tis, and lymphogranuloma venereum. Parvovirus B19 causes
fifth disease, an exanthematous disease. HSV type 2 causes
genital infections. but it has only a weak association with cancer.
The virus usually kills the infected cells.

MM5 526

64 (E) The infant will be healthy, Vaccination against
rubella provides lifelong Immunity: hence the woman will not
spread the virus to her fetus. Cataract, dealness. and mental




retardation are symptoms of congenital rubella. Only the infants

of unvacecinated women who are exposed to rubella virus during
pregnancy are at risk for congenital rubella. Mental retardation,
microcephaly. and blindness are symptoms of congenital
cytomegalovirus infection. Vesicular lesions and life-threatening
encephalitis are symptoms of neonatal HSVY infection.

MM5 645

65 (C) ELISA for p24 antigen. The protein called p24 is a
component of the HIV virion and is therefore an early marker of
HIV infection. The antigen is shed with the virus into the blood
and indicates virus replication. A capture ELISA would be used
to detect the protein. RT-PCR or a similar procedure could also
be used to amplify and detect the viral genome in the blood, Cell
culture isolation of HIV is difficult and is not done, An ELISA for
antibodies to gp120, a latex agglutination test for antibodics to
gp4l, and a Western blot test are all used to detect antibodies.
An antibody response to HIV would not be present early in the
infection.

MM5 669

66 (B) Coronavirus. Coronaviruses are helical, enveloped.
positive-sense RNA viruses that are usually associated with the
common cold but may also cause diarrhea. Of the options listed.
only coronaviruses have envelopes. Coronavirus is an exception
to the rule that enveloped viruses are labile to acid and bile in
the gastrointestinal tract. Adenovirus, Norwalk virus, reovirus,
and rotavirus can cause diarrhea but do not have envelopes.
Adenoviruses are icosahedral, nonenveloped DNA viruses. The
Norwalk virus is an example of a norovirus. which is a small,
icosahedral. nonenveloped, positive-sense virus. Rotaviruses are
in the reovirus family and have double-stranded RNA and a
double capsid.

MMS5 591, 698

67 (C) Translation. [FN-o triggers a cascade of biochemical
events that block viral replication at the level of transcription
and protein synthesis. Specifically, the degradation of viral and
cellular mRNA is enhanced, and mRNA binding to the ribosome
is blocked, preventing protein synthesis and subsequent viral
replication. [FN does not affect attachment of viruses to the host
cell or uncoating and only indirectly aflects nucleic acid replica-
tion and viral assembly.

MM5 144

68 (E) Thymidine kinase. Thymidine kinase activates acy-
clovir but not foscarnet. Both drugs act on the virus-encoded
DNA-dependent DNA polymerase. DNA-dependent RNA poly-
merase is encoded by host cells and poxviruses. RNA-dependent
DNA polymerase is encoded by retroviruses. These enzymes are
not encoded by herpesviruses. Protease is encoded by many
viruses, including herpesviruses, but only HIV protease is a
target for pharmacologic agents approved by the Food and Drug
Administration (FDA).

MM5 508, 549

69 (A) CMV. The most frequent causes of congenital infec-
tion are the so-called TORCH agents (Toxoplasma, other infec-
tions, rubella virus, cytomegalovirus, and herpes simplex virus).
In this group. CMV is the only agent associated with owl's eve
inclusion bodies. CMV is the most common viral cause of con-
genital malformation, and it is likely that in this case the mother
suffered a primary asymplomatic CMV infection as a resuli of
her blood transfusion. Infants infected with HSV may have vesic-
ular lesions but would not have calcifications. Infants infected
with rubella virus usually sulfer from cataracts and deafness.
Congenital mallormations are not associated with streptococcal
disease.

MM5 560

70 (B) Formalin-treated, rabies virus-infected cells. The
current vaccine consists of inactivated rabies virus grown in
human diploid fibroblasts. Although several injections are
required, this vaccine requires fewer injections than the previous
vaccine and is associated with lewer adverse effects. A live, atten-
nated rabies vaccine is administered to pets but not to humans.
The original (Pasteur) wvaccine contained formalin-treated.
rabies virus-infected rabbit spinal cord. but it is no longer used.
Egg-grown rabies vaccines are also no longer used, Subunit vac-
cines (e.g.. glycoprotein G) have not been developed, A vaccinia
virus that expresses G protein is being used to immunize forest
animals. such as raccoons. The vaccine is administered by
impregnating the food with the vaccine and dropping the food
into endemic regions.

MM5 623

71 (B) Influenza virus. Although great care is taken in pre-
dicting the most likely influenza strains of the coming vear and
then incorporating those strains into a multivalent vaccine, the
predictions may be wrong. As a result, a person can acquire
influenza despite receiving an influenza vaccine, California
encephalitis is transmitted by a forest mosquito, so it is unlikely
to cause a nosocomial infection. Rubella vaccine is administered
as part of the MMR vaccine during childhood and elicits lifelong,
immunity. Chickenpox is caused by VZV. An individual who had
chickenpox during childhood is not at risk of having chickenpox
again. A varicella vaccine is available 1o prevent this disease, and
the CDC now recommends its routine use in children. Variola
virus is the cause of smallpox. This is the only disease that has
been eradicated worldwide via the use of a vaccine.

MM5 164, 616

72 (E) TheT cells react with an antigen other than hemag-
glutinin. CD8 cytolytic T cells recognize antigens that are
processed by the cell and presented as peptides on the major his-
tocompatibility complex (MHC) class I molecules. The man was
exposed to the H3N2 virus because he had antibody to the H3N2
virus but not to the HIN1 virus. His T cell response would also
be directed at the H3N2 virus. The response to the HINT virus
indicates a different target than the hemagglutinin (HA) or neu-
raminidase (NA). The internal NS protein produces a major T cell
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antigen. and this protein does not necessarily differ among
viruses whose HA or NA dilTers. HA and NA are the major struc-
tures recognized by antibody. Although HSV encodes a comple-
ment receptor that reduces complement activity, influenza virus
does not. Because the infected cells do not show significant lysis
in the absence of T cells or antibody and complement, it is
unlikely that one virus is more cytolytic than the other. More-
over, there was no antibody reaction to the HINT virus. so it is
unlikely that the man has a history of infection with this virus.
The man has been infected with H3N2 virus some time during
his life, but the data do not support recent infection,

MMS5 612

73 (O) Parainfluenza virus. Viruses are classified by their
genetic material {single-stranded or double-stranded DNA or
RNA). capsid structure (icosahedral or helical), and the presence
or absence of an outer envelope. Parainfluenza virus, Norwalk
virus. and rotavirus are RNA viruses: adenovirus and V7V
are DNA viruses. Rotavirus is a double-stranded RNA virus.
Parainfluenza virus has an envelop, and Norwalk virus does not
have one.

MM5 48-50

74 (C) Inhibition of DNA polymerase. This patient has fever
blisters, which are usually caused by HSV, The drugs of choice
for treating herpes labialis are acyelovir, valacyelovir, penciclovir.
or famciclovir. These nucleotide analogues are activated by the
viral thymidine kinase. but they act by inhibiting the viral DNA
polymerase. Antiviral drugs do not act via the blockade of pep-
tidoglycan cross-linkage. inhibition of 708 ribosome. and inhibi-
tion of topoisomerase; however, some antibacterial dru gs do. For
example, vancomycin and beta-lactam antibiotics {including
penicillins and cephalosporins) act by inhibiting peptidoglycan
cross-linkage and thereby inhibit bacterial cell wall synthesis.
Fluoroquinolones act by inhibiting topoisomerase. The 708 ribo-
some is a useful target for many antibacterial drugs, including
clindamycin, chloramphenicol, erythromycin. tetracyclines, and
aminoglycosides. Amantadine, a drug used in the prevention
and treatment of influenza A, is an example of an agent that acts
by blocking the uncoating and entry of a specific virus {e.g.,
influenza A virus).

MM5 508, 549

75 (E) Sheep erythrocytes. The patient’s clinical and labo-
ratory findings are consistent with the diagnosis of infectious
mononucleosis, a disease caused by EBV. The heterophil ant ibody
is directed against glycolipids on sheep, horse. or bovine ery-
throcytes. Heterophil antibody does not recognize cardiolipin,
Cardiolipin is recognized in the VDRL test for syphilis. Anti-
bodies to the EBV capsid antigen are generated during acute
discase and are confirmation of the diagnosis. Antibodies (o
EBNA are generated after resolution of the disease. Antibodies to
DNA are detected in patients with some autoimmune discases
fe.gl. svstemic lupus eryvthematosus, or SLE).

MMs 557
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76 (B) Destruction of ciliated columnar epithelial cells. Cil-
iated epithelial and mucus-secreting cells in the respiratory tract
normally block the movement of bacteria into the lungs. The
influenza virus destroys these cells and thereby allows bacteria
to establish a lung infection. Influenza may cause a change in
the pharyngeal microflora. Moreover. patients known to have
a positive tuberculin reaction may experience a loss of skin
reactivity during influenza. Neither of these changes, how-
ever. would predispose the patient to bacterial lung infections.
There is no loss of alveolar macrophages in patients with
influenza. Alveolar macrophages are very much involved in the
defense against influenza. Influenza does not cause severe
immunosuppression.

MM5 612

77 (A) Dengue virus. Infections with dengue virus. a
member of the flavivirus family. can range from asymptomatic
to a life-threatening hemorrhagic fever. Most infections are char-
acterized by a 4- to 7-day incubation period followed by an acute
onset of [ever. headache, retro-orbital pain, myalgias. and rash.
Diseasc is typically self-limiting after a 6- or 7-day course.
although progression to dengue hemorrhagic fever and dengue
shock syndrome can occur. Infections with HAV, I, interrogans,
P falciparium, and 8. typhi can all produce lebrile illnesses in trav-
elers 1o developing countries. Hepatitis A can initially present
as a mild flu-like illness with fever, headache, myalgias, and
malaise. Symptoms will progress to development of dark urine
fi.e.. bilirubinurial, followed by pale stools and yellow discol-
oration of the skin and mucous membranes. Development of a
rash is not characteristic. Symptomatic L. interrogans infections
are typically characterized by high fevers, myalgias, and
headaches. Conjunctival suffusion may be present. A rash is not
commonly seen. P falciparum would present as a febrile illness
with nausea. vomiting, and diarrhea. This disease is unlikely
with the history of compliant malaria prophylaxis. . Lyphi
infections are characterized by fever, headache, myalgias, and
malaise. Although a rash may develop, it is not a prominent
leature of the infection.

MM5 644

78 (D) Influenza virus. Orthomyxoviridac (e.g., influenza
virus), Arenaviridae (e.g., Lassa [ever virus), and Reoviridae je.g..
rotavirus] are families of RNA viruses that have segmented
genomes (multiple, discrete scgments of genetic material within
the viral capsid or shell). Reassortment of the genomes between
two different strains ol virus can create a novel strain. This reas-
sortment does not occur with the other viruses listed in the
answers to this question, because they do not have segmented
genomes.

MMS5 63

79 (C) VEE virus infection causes only limited viremia in
humans. Venezuelan equine encephalitis (VEE) virus and yellow
fever virus are both transmitted by mosquitoes. To be transmit-
ted from one person to another, the virus must be present in the




blood in sufficiently high concentration when the mosquito takes

a blood meal. VEE does not establish extensive viremia in
humans, whereas yellow fever does, Yellow fever virus is trans-
mitted by Aedes mosquitoes, whereas VEE virus is transmitted by
either Culex or Aedes mosquitoes. The habitat of the mosquito
determines the area (urban or sylvan) in which the virus will be
acquired. Yellow fever virus is a flavivirus and encodes one gly-
coprotein. VEE virus is a togavirus and encodes three glyco-
proteins that form a complex. Production of mild disease does
not inhibit or facilitate transmission of the virus; however, the
host may live long enough to transmii the virus. The ability of
the virus to replicate in the mosquito promotes transmission but
is not relevant to why humans are a dead-end host.

MMS5 643

80 (E) There are too many agents that cause this disease.
The common cold can be caused by picornaviruses (including
over 100 serotypes ol rhinovirus), coronaviruses. orthomyx-
oviruses (including influenza viruses), and paramyxoviruses. A
vaccine would be unable to initiate a protective response against
all of these agents. A cytolytic T cell response would not likely be
important. Secretory IgA and possibly [gG would be important.
\s the name implies, the common cold is common. Although it
is not life threatening. it is considered a significant condition
because its incidence is so high and because it has such a large
impact on the activities and productivity of the population,
Herpesviruses, retroviruses, and hepadnaviruses have the poten-
tial to establish chronic or transforming infections. especially if
some but not all of the viral activities are inactivated. The viruses
that are responsible for the common cold, however, do not have
this potential,
MM5 698-699

81 (E) Viral assembly. HIV protease is essential for produc-
tion of a functional virion. This enzyme cleaves the precursor
polyproteins encoded by the gag and pol genes. Protease
inhibitors competitively bind to the active site of the enzyme.
thus preventing its activities on the polyproteins, The inhibitor
does not affect penetration, uncoating, transcription, or nucleic
acid replication. Viral assembly is indirectly affected.

MM5 61, 663

82 (C) In situ DNA hybridization. Infection with HPV 18§
can cause cervical dysplasia and cancer. In situ DNA hybridiza-
tion is the method of choice because it will detect and
identify the HPV genome whether or not viral proteins are made.
Papillomaviruses do not grow in tissue culture. Thev do noi
replicate to any great extent, so antigens are generally not
detectable by ELISA, immunofluorescence testing, or Western
blot assays.

MMS5 178, 527

83 (E) Replication in a privileged site. Rabics virus infects
the area around the bite and then proceeds quickly to the
neuron. It travels through the central nervous system to the sali-

vary glands and the brain with minimal replication and remains
in the neuron. This is a privileged site that is inaccessible
to immune cells. No immune response is made until the
virus resurfaces in and near the brain and the symptoms are
observed. The rabies virus does not have the properties listed in
the incorrect answers. HIV and influenza virus are viruses
that undergo antigenic shift (change via mutation). HIV and
measles virus are examples of viruses that infect T cells and
reduce their ability to attack infected cells. Neisseria gonorrhoeae
produces an IgA protease. HSV and Staphylococcus aureus are
examples of infectious agents that produce proteins that act as
Fe receptors,

MM5 620

84 (C) RNA-dependent DNA polymerase. HBV replicates
through an RNA intermediate and uses the virus-encoded
reverse lranscriptase to synthesize the DNA genome. DNA-
dependent DNA polymerases arc encoded by adenoviruses,
herpesviruses, and poxviruses but not by hepatitis B. DNA-
dependent RNA polymerases are encoded by poxviruses and host
cells. RNA-dependent RNA polymerases are encoded by RNA
viruses other than retroviruses. Thymidine kinase is encoded by
HSV and VZV.

MM5 679

85 (C) Chronic hemolytic anemia. The patient’s clinical
manilestations are consistent with the diagnosis of erythema
infectiosum, a disease caused by parvovirus B19. The virus
infects and destroys erythroid precursors that are undergoing
rapid multiplication. This places individuals with chronic
hemolytic anemia at risk for an aplastic crisis. Patients with
Chédiak-Higashi syndrome and patients with chronic granulo-
matous disease have a defect in granulocyte function, and this
places them at risk for certain bacterial infections. Patients with
cystic fibrosis have poor pulmonary and secretory function. and
they are prone to recurrent bacterial infections of the respiratory
tract. The patient in this question’s scenario has a viral disease.
Patients with diabetes are at risk [or bacterial and fungal discases
due 10 a reduction in blood flow.

MM5 575

86 (C) Monospot test to screen for EBV infection. The
patient’s clinical manifestations suggest the diagnosis of infec-
tious mononucleosis, a disease that is caused by EBV and is con-
firmed by the monospot test, Patients infected with CMV, HIV. or
Treponema may have many mononucleosis-like symptoms but
would not have exudative pharyngitis. Exudative pharynagitis is
associated with EBV infection and with S. pyoegenes infection. If
the patient had streptococcal pharyngitis. the disease would be
expecled to resolve in 5 days or less, In this case, the diagnosis
ol EBV infection is more likely not only because of the longer
duration of disease bul also because of the presence of
hepatosplenomegaly.

MM5 557
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87 (Q) Enveloped, single-stranded, negative-sense RNA
virus. The virus shown in the figure is rabies virus. a rhab-
dovirus. Like other rhabdoviruses. it is an enveloped, single-
stranded, negative-sense  RNA
poxviruses have an enveloped. double-stranded DNA structure,

virus. Herpesviruses and
No single-stranded DNA viruses have an envelope, Parvoviruses
are single-stranded DNA viruses that have a capsid. Coron-
aviruses, flaviviruses. and togaviruses have an enveloped. single-
stranded. positive-sense RNA structure. Adenoviruses and
papovaviruses have an enveloped. double-stranded DNA
structure,

MM5 619

From Hart CA, Shears P: Color atlas of medical microbiology ed
2. St Louis. 2004, Mosby.

88 (A) The antibody to HIV has not risen to detectable
levels. Serologic testing is the standard method for evaluating
HIV infection. The ELISA for HIV and the Western blot analysis
are serologic tests that measure a patient's antibody titer; they
do not detect virions or viral antigen. Recent infection would not
be detectable because antibody would not be produced lor at least
3 weeks up to 6 weeks. The Western blot is a conlirmatory test
that is given after the ELISA is given, HIV is not isolated in tissue
culture. HIV starts replicating as soon as the infection is initiated.
The virus may be detected at an early stage by using an RT-PCR
to assay for viral RNA or by testing for p24 antigen (not the anti-
body but the actual viral protein). The levels of p24 rise with
virus replication.

MM5 669

89 (Q) JCvirus. SV40 and JC virus are both polyomaviruses.
|C virus causes progressive multifocal leukoencephalopathy. a
disease that is virtually restricted to immunosuppressed individ-
uals. Lichovirus 11 is a picornavirus that causes meningitis and
is not related to SV40. HSV is a neurotropic agent that causes a
variety of diseases. including encephalitis, but it is not related to
SV40. The risk of severe HSV disease is higher in immunosup-
pressed individuals than in immunocompetent individuals, Both
measles virus (a paramyxovirus) and Western equine encephali-
tis (WEL) virus (a togavirus) can cause encephalitis but are not
related to SV40,

MMS5 530
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90 (C) RNA viruses must encode an RNA polymerase.
Because cells do not have a means of replicating RNA, RNA
must encode RNA-dependent RNA  polvmerases.
Encoded polymerases must be available soon after infection, or

viruses

the unstable viral RNA will degrade and infection will be aborted.
Except for influenza viruses, transcription and replication of
negative-stranded RNA viruses (e.g.. rhabdoviruses, orthomyx-
oviruses, paramyxoviruses. filoviruses, and bunyaviruses) occur
in the cell cytoplasm and not in the nucleus. All positive-
stranded RNA viruses (e.g.. picornaviruses, noroviruses, coron-
aviruses, flaviviruses, togaviruses) replicate in the cvloplasm.
Retroviruses can produce latent infections. but these infections
are not observed with other RNA viruses. Although the larger
DNA viruses encode a DNA polymerase. the smaller viruses are
dependent on the host cell enzymes. Viral DNA is stable in con-
trast to viral RNA.

MM5 59

91 (B) Giant cell pneumonia. The older sibling's clinical
manifestations are consistent with the diagnosis of measles. In
immunosuppressed individuals. such as those being treated for
leukemia, measles virus tends to cause a serious condition at the
first site of infection (i.e.. in the lungs). Therefore the 3-year-old
is at risk for giant cell pneumonia. Exanthema subitum is caused
by human herpesvirus 6. Hemorrhagic pulmonary syndrome is
caused by a hantavirus, Orchitis may be caused by the mumps
virus, an echovirus, or coxsackievirus B. Progressive multifocal
leukoencephalopathy is caused by a papovavirus called JC
virus,

MM5 602

92 (A) Binding of C3d receptors on B lymphocytes.
The patient’s clinical and laboratory findings are consistent
with the diagnosis of infectious mononucleosis, a discase caused
by EBV. This herpesvirus binds exclusively to CR21, the C3d
receptor, and inlects B lymphocytes. EBV causes their immortal-
ization if the process is unchecked by T cells. EBV infection is also
associated with Burkitt lymphoma, nasopharvhngeal carcinoma.
and Hodgkin's discase. CD8 T cells may be infected by
other members of the herpesvirus family, such as human her-
pesviruses 5 {cytomegalovirus, or CMV). 6 (roseola). and 7.
The CD4 T cell, rather than the CD8 T cell, is the usual target for
virus infections. Induction of immunosuppression due to killing
ol CD4 T cells is a property of HIV, which binds to the CD4
molecule on T cells and macrophages. The patient's laboratory
findings are characteristic of an infection with EBV. EBV is
not susceptible io acyclovir. HSV types I and Il (human her-
pesviruses [ and [1) encode a thymidine kinase that can activate
acyclovir via phosphorylation and thereby cause the drug to
inhibit the viral polymerase. Tumor promotion in keratinocytes
is a property of some human papillomaviruses, such as papillo-
mavirus types XI, XVI, and XVIII, which infect epithelial cells,
cause a wart-like disease, and are associated with human
cancers,

MM5 553
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93 (B) Blocking IL-1 and TNF-mediated inflammation.

Poxviruses are able to inhibit inflammation by blocking the activ-
v of IL-1 and tumor necrosis factor, This property is shared with
adenoviruses.

MM5 144, 149, 567

94 (B) Inhibition of viremic spread by antibodies. The
infant's clinical manifestations are consistent with the diagnosis
of congenital rubella, The key 1o the diagnosis is the presence of
cataract. Congenital CMV infection has many of the same man-
ifestations but is not associated with cataracts. If the mother had
been immune to rubella virus (had been seropositive for the
virus) before she became pregnant, she would have generated
antibody upon re-exposure to the virus, and this antibody would
have prevented the viremic transfer of rubella virus to the fetus.
IFN may limit local replication of rubella virus but would not
prevent viremic spread of the virus to the fetus. Cytotoxic T cells
and natural killer cells may cause local killing of cells infected
with rubella virus, but they also would not prevent viremic
spread of the virus to the fetus. Macrophages are not helpful in
preventing the spread of rubella virus to the fetus.
MMS5 646, 559

95
tent with the diagnosis of herpes zoster (shingles), a disease
caused by VZV. HSV and VZV are both members of the family
Herpesviridae and the subfamily Alphaherpesvirinae. so they

(B) HSV. The patient's clinical manifestations are consis-

share many features. In addition to causing herpes zoster, VAV
causes varicella (chickenpox). HSV usually causes oral and
genital lesions but can also cause eye infections, encephalitis.
and disseminated discase. HSV and VZV are not similar to the
other viruses listed in the answers to this question. Coxsack-
ievirus A is a picornavirus that causes hand-foot-and-mouth
disease, Measles virus is a paramyxovirus that causes an exan-
thematous disease characterized by cough, conjunctivitis,
coryza, and Koplik spots. Parvovirus B19 is the parvovirus that
is responsible for erythema infectiosum (fifth disease). a pediatric
discase that begins with flu-like symptoms, remits, and then
erupls into a rash. Rubella virus is a togavirus that causes
German measles and congenital rubella syndrome.

MMS5 552

96 (C) In situ hybridization. In situ hybridization can detect
viral DNA in the cells that harbor the HPV 16 genome. Hemad-
sorption and microscopic examination for owl's eve inclusion
bodies are not useful in the diagnosis of HPV infections. Hemad-
sorption is uselul for finding evidence of influenza virus-infected
cells, which express the viral hemagglutinin on their cell surface.
Owl's eve inclusion bodies are found in CMV-inlected cells. Like
all papovaviruses, HPVs are DNA viruses that have a naked
capsid and therefore do not have glycoproteins. RT-PCR is used
for detecting the genome of an RNA virus or viral mRNA in
solution.

MM5 178, 527
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97 (D) Stavudine. Like zidovudine {azidothymidine), stavu-
dine (4-deoxythymidine) is a thymidine analogue that acts by
inhibiting reverse transcriptase. Nelfinavir and ritonavir are pro-
tease inhibitors. Nevirapine is a non-nucleoside reverse tran-
scriptase inhibitor. Zidovudine and nevirapine have different
binding sites on reverse transcriptase. Zovirax is a trade name for
acyclovir, a drug used in the treatment ol herpesvirus infections.
MM5 506, 667

98 (C) The infection site was close to the brain. The closer
the site of infection is to the brain, the smaller is the amount of
time required for the rabies virus to travel from the site of infec-
tion to the brain. All rabies virus infections, regardless of the
strain or amount of virus transmitted, are assumed to be fatal
unless treated. The dose of virus from dog bites may influence
the course of disease but to a much lesser extent than the site of
infection. The virus does not elicit an immune response until the
last stages of disease. so it is lethal in both immunocompetent
and immunocompromised individuals. The age of the patient is
not significant to the progression of the disease. Rabies vaccine
is not given routinely to children or adulis. It is given only to indi-
viduals who are at increased risk for rabies (such as veterina-
rians and other animal handlers) and (o individuals who may
have been infected.,

MM5 620

99 (C) RNA-dependent DNA polymerase. Opportunistic
infections, such as pneumonia and thrush, are a hallmark of
AIDS. In patients with AIDS, pneumonia is often caused by
Pneumocystis carinii, Thrush is caused by Candida albicans.
RNA-dependent DNA polymerase is another name for reverse
transcriptase, an enzyme that is present in HIV virions and
infected cells. HIV, the cause of AIDS. is a single-siranded.
positive-sense RNA virus and a member ol the family Retroviri-
dae. The enzymes listed in the other answers to this question
are not encoded by retroviruses. DNA-dependent DNA poly-
merases are encoded by large DNA viruses, such as aden-
oviruses, herpesviruses, and poxviruses. DNA-dependent RNA
polymerases are used in the transcription of mRNA; they are
encoded by host cells (which transcribe mRNA) and by
poxviruses (which replicate in the cytoplasm). RNA-dependent
RNA polymerases are encoded by RNA viruses other
than retroviruses. Thymidine kinase is encoded by specific
herpesviruses.

MM5 659, 663

100 (B) Parainfluenza virus. The patient's symptoms are
consistent with the diagnosis ol laryngotracheobronchitis
{croup). This disease can be caused by a variety of agents. includ-
ing parainfluenza viruses, respiratory syneytial virus, influenza
viruses, and Haemophilus influenzae. The patient’s age, response
to humidified air, and laboratory data (syncytia formation)
implicate one of the paramyxoviruses, probably parainfluenza
virus type II. The paramyxoviruses are enveloped viruses with a
nonsegmented, single-stranded, negative-sense RNA genome.
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Influenza viruses, parvoviruses, reoviruses, and rhinoviruses do
not promote syncytia formation in cell culture,
MM5 603

101 (O Genetic change after infection. The most significant
way in which HIV escapes immune control is by its ability to
undergo mutation, altering its antigenicity and escaping anti-
body clearance.

MM5 63, 661

102 (D) No serious, definable disease symptoms. The
neonate has congenital CMV infection. and the photomicro-
graph shows a CMV-infected cell with a basophilic nuclear incly-
sion body. CMV is ubiquitous, and 30% to 50% of adults harbor
the virus. CMV infection, however, usually causes no serious,
definable disease symptoms in the majorily of these adults. Infec-
tion presents a problem only for previously uninfected pregnant
women and immunocompromised individuals,
woman who is infected with CMV for the first time during her
pregnancy (primary infection) can transmit the infection to her
fetus. An immunocompromised patient may develop serious
disease manifestations, A person with AIDS is susceptible to
opportunistic diseases. A person infected with the rubella virus
can be affected by a mild arthritic condition with & fine lacy rash.

A pregnant

and a person who has EBV can develo p mononucleosis with pro-
duction of antibody to sheep red blood cells, whereas CMV can
cause mononucleosis without heterophil antibody. Last, a person
with adenovirus is prone to getting pharyngoconjunctivitis.
MM5 560

103  (C) Deafness. A maculopapular rash can be caused by
parvovirus B19. measles, or rubella virus. Rubella is indicated by
the presence ol virus-specific [gM and IgG in an unvaccinated

individual. Dealness is associated with rubella virus inlection in
any trimester. The earlier the infection. the more severe is the
outcome and the higher is the infant's risk for menial relarda-
tion, cardiac problems. and cataracts. Cerebral calcification is
assoclated with congenital CMV infection. Chorioretinitis is the
most common congenital defect associated with Toxoplasma
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infection. Hydrops fetalis is associated with parvovirus B19
infection, Keratoconjunctivitis is a manifestation of HSV infec-
tion in adults.
MM5 647

104 (B) Poxviruses have a large genome and encode many
accessory genes. Because the genome of each poxvirus is large
and many of the genes are expendable. one of these expendable
genes (i.e.. accessory genes) can be replaced with the genc of a
pathogen. The foreign gene will be expressed by the poxvirus and
can elicit immune responses relevant to infection, including
T cell responses. Poxviruses assemble and replicate in the
cytoplasm, but this does not Tacilitate antigen presentation or
immunization. Use of a live vaccinia vaccine made it possible to
eliminate smallpox in 1980, but this does not mean that use of
the vaccinia virus or other poxviruses in vaccines will eliminate
other infectious diseases. Visible symptoms might show that a
virus replicated, but replication is not necessary. Canarypox does
not replicate in humans, and replication may interfere with
booster shots.

MM5 567

105 (A) Echovirus  meningitis.  Rhinoviruses and
echoviruses are picornaviruses and have similar capsid struc-
tures. A canyon within the viral capsid is the binding site for ple-
conaril and for the viral receptor, The interaction of the drug and
receptor has been confirmed by x-ray crystallography of the
drug/virus complex. HSV is a herpesvirus. HSV encephalitis can
Influenza
A virus pneumonia is not treatable, but it can be prevented by
prophylactic use of amantadine, rimantadine. zanamivir, or
oseltamivir. Measles virus encephalitis is not treatable with
antiviral drugs. Respiratory syneytial virus (RSV) is a paramyx-
ovirus. RSV pneumonia in infants can be treated with ribavirin.
MM5 585

be treated with fameiclovir, valacyclovir, or acyclovir,

106 (C) Enveloped, positive-sense, single-stranded RNA
virus that makes a polyprotein. Like other flaviviruses, yellow
fever virus is an enveloped, positive-sense, single-stranded RNA
virus that makes a polyprotein. Examples of viruses with the
characteristics described in the incorrect answers to this ques-
tion are as [ollows: Bunyaviruses viruses are enveloped. negative-
sense. single-stranded RNA viruses without a matrix protein:
influenza viruses are enveloped, negative-sense, single-stranded,
segmented RNA viruses: togaviruses arc enveloped. positive-
sense, single-stranded RNA viruses that make early and late
proteins from RNA of diflerent sizes: and reoviruses are nonen-
veloped. double-stranded, segmented RNA viruses with a double
capsid.

MM5 644

107  (C) HIV.The combination of thrush and pneumonia fre-
quently occurs in patients who are infected with HIV and have
AIDS. Thrush can only be caused by an infection with Candida




woans, Pneumonta could be caused by an adenovirus. (.

smmitls, or S, pnewmoniae; however, in this case. it is more likely
ceused by P ocarinii,. HTLV causes leukemia and spastic
pEraparesis.

MMS5 667

108 (B) Nonsegmented, single-stranded, negative-sense
ENA. The patient's symptoms are consistent with the diagnosis

“larvngotracheobronchitis (croup), This disease can be caused
o a variety of agents, including parainfluenza viruses. respira-
tory syneytial virus. influenza viruses, and Haemophilus influen-
zae. The patient’s age. response to humidified air, and lahoratory
data (syneytia formation) implicate one of the paramyxoviruses,
probably parainfluenza virus type Il or respiratory syncylial

irus. The paramyxoviruses are enveloped viruses with a
nonsegmented. single-stranded. negative-sense RNA genome,
feoviruses have double-stranded RNA and double capsids, but
thev usually cause gastroenteritis. Orthomyxoviruses (influenza)
have segmented. single-stranded. negative-sense RNA genones.

but they usually do not cause croup and do not promote syncy-
ta formation in cell culture. The only single-stranded DNA
viruses are parvoviruses. Parvovirus B19 causes erythema infec-
tiosum {fifth disease). Parvoviruses do not promote syncytia for-
mation. Picornaviruses are single-stranded, positive-sense RNA
viruses. They can cause respiratory tract symptoms similar to
those of the common cold. but they usually do not cause croup
and do not promote syncytia formation in cell culture.

MM5 603

109 (E) Sialic acid. An anti-idiotype antibody (anti-id) is
directed against the portion of the antibody that recognizes the
original antigen and, in many ways, will resemble the original
antigen (like making a mold ol a hand and then casting a replica
of the hand in plaster). Sialic acid is the receptor for influenza
virus, Because the original antibody prevents the binding of HA
(or hemagglutinin) to sialic acid, the anti-id may resemble the
binding portion of HA and also bind to sialic acid. Binding to
complement is a normal property of IgG. By delinition, the anti-
id will bind to the anti-HA because anti-HA was the immunogen
to which the anti-id was made. The primary antibody recognizes
HA., but the anti-idiotype antibody does not. An anti-IIA anti-
body could neutralize infection, The M1 protein lines the inside
of the viral envelope and cannot be seen by antibody. The M2
protein is an ion channel important for virion coating and is the
target for amantadine. Antibody to NA (or neuraminidase) does
not block infection.

MM5 609

110 (E) The patient is not infected with HBV, Having anti-
bodies 1o HB.Ag without having antibodies (o hepatitis B core
antigen (HB Ag) indicates that the anti-HB, is due to vaccination
and not to infection with HBV. A patient with acute HBV infec-
tion would have antibodies to HB.Ag but not anti-HB, or HB.Ag.

The latter two antibodies are not detectable until HB.Ag and
HB.Ag are no longer synthesized and are absent from the blood
{after the disease is resolved). A patient with chronic HBV infec-
tion would have HB.Ag and anti-HB,. but not anti-HB.. HBV is
less likely 1o cause fulminant disease unless the patient is coin-
tected with hepatitis D. During the prodrome of HBV infection,
the patient may have HB,Ag. HB,Ag, and either no antibodies or
IgM anti-HB, antibodies.

MM5 685

111 (B) IFN-B production, NK cell activation, CD4 T cell
activation, and 1gG production. These steps are in the proper
order. VZV is spread via the respiratory route. The infection of
lung cells initiates the production of IFN-B or IFN-c this is the
earliest host response to the virus. The interferon activates
natural killer (NK) cells. Afier cells die and antigen is delivered
to the lymph nodes by dendritic cells and macrophages, TgM is
produced and CD4 T cells become activated. Then helper cells
activate CD8 T cells and promote the switch in B cells from IgM
to IgG production. (Note that IFN-y is primarily a CD4 T cell
product.)

MM5 143-150

112 (C) Twe inhibitors of RT and one inhibitor of protease.
The patient's disease manifestations are consistent with the diag-
nosis of AIDS, a syndrome caused by infection with HIV. Most
of the anti-HIV cocktails have two RT inhibitors (one or both
of which may be nucleoside analogues) and at least one protease
inhibitor. The FDA has nol approved integrase inhibitors.
HIV does not encode TK. DNA polymerase, or an sre gene,
TK is important lor activating such drugs as acyclovir and
famciclovir to inhibit DNA polymerase in the treatment of HSV
infections. The sre gene is an oncogene found in Rous sarcoma
virus.

MM5 667

113 (D) A vaccine administered on the same schedule as
the mumps vaccine, The figure shows cataracts in an infant with
congenital rubella. The rubella vaccine is a component of the
MMR vaccine. This vaccine is given no sooner than 15 months
alter birth. Varicella vaccine would have the same schedule. The
rubella vaccine is a live vaccine. The Haemophilus influenzae type
B (Hib} vaccine consists of a capsular polysaccharide attached to
a carrier protein. Influenza vaccines and the inactivated polio
raccine are formalin-treated. The hepatitis B vaccine is a subunit
raccine. The inactivated polio vaccine (TPV) is administered at 2.
4. 6. and 15 months and again at 6 vears of age. The oral polio
viccine (OPV. or live polio vaccine) can be administered at 2, 4,
and 1 3 months ol age and again at 6 years of age. Current guide-
lines make the OPV an optional immunization but only after a
regimen of [PV,

MM5 165, 648
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From Emond et al: Colour atlas of infectious diseases. St Louis.
2004, Mosby.

114 (C) Hemagglutination inhibition (HAI) test. The symp-
toms described are characteristic of influenza, a discase caused
by a hemagglutinating virus. The HAT test uses specific antibod-
les in an attempt to block the binding of hemagglutinating
viruses to erythrocytes. The HAI test can be used not only to
identify the hemagglutinating virus but also to establish a sero-
logic history. The complement fixation test is a serologic test that
is used to detect specific antibody. The test is difficult to perform
but is used for some nonhemagglutinating viruses and for histo-
plasmosis and coccidioidomycosis. The hemadsorption test
detects any virus that encodes a hemagglutinin (HA). In this test,
infected cells will bind erythrocytes to their cell surface. Unlike
the HAI test, the hemadsorption test does not identify the virus
or viruses that are detected. The Ouchterlony test uses gel diffu-
sion and precipitin techniques to detect antigen from fungi, such
as Histoplasma and Blastomyces. This test is more difficult to
perform than HAL The cytopathologic effects exhibited when an
infectious agent is grown in tissue culture would give an indica-
tion of the agent's identity, but it would not conclusively identify
the agent.

MM5 520, 615

124

115 (C) During the fever. The patient's symptoms are con-
sistent with the diagnosis of roseola infantum (which is caused
by human herpesvirus type 6) or the diagnosis of erythema
infectiosum (which is also called fifth disease and is caused by
parvovirus B19). Both infections are highly contagious. In either
infection, the virus is being produced and spread when the fever
is present. The infection has been controlled by the time there is
a break in the fever. The rash is due to a nonspecific immune
response and not due to the virus itself. Chickenpox (which is
caused by VZV) is an example of an infection whose primary
period of contagion precedes the fever.

MM5 562, 576

116 (E) RSV. Aerosolized ribavirin is administered to infants
with RSV infections. There is no antiviral drug for the treatment
of infections caused by Calilornia encephalitis virus or Ebola
virus. CMV infections can be treated with foscarnet or ganci-
clovir, Amantadine or rimantadine can be used to treat influenza
A. The newer NA inhibitors, such as oseltamivir and zanamivir,
are effective against both influenza A and influenza B viruses.
MMS5 606

117 (E) Rhinovirus. The patient’s symptoms are characteris-
tic of the common cold. Colds are usually caused by rhinoviruses
and other picornaviruses. However, they may also be caused by
coronaviruses and paramyxoviruses. EBV is a herpesvirus
that causes infectious mononucleosis. a disease with a long
incubation and symptomatic period. Although infection with
an influgnza virus causes many of the same symptoms as
rhinovirus infection, the disease is usually more severe and is
accompanied by fever. Norwalk virus is a calicivirus that causes
outbreaks of diarrheal disecase. Parvovirus B19 is the virus
responsible for erythema infectiosum (fifth disease). a pediatric
disease that begins with flu-like symptoms. remits, and then
erupts into a rash.

MM5 588

118 (A) Adenovirus. The symptoms arc consistent with the
diagnosis of an adenovirus infection. This infection may present
with pharyngitis in children under 2 vears old but more com-
monly presents with pharyngitis and conjunctivitis {pharyngo-
conjunctival fever). HSV causes keratoconjunctivitis without a
concurrent sore throat. Measles virus causes cough. conjunc-
tivitis, Koplik spots (vesicle-like lesions in the mouth). and coryza
(runny nose), followed by a rash. Rhinoviruses cause the
common cold, which may be accompanied by a sore throat but
not conjunctivitis. S. pyogenes causes a sore throat without
conjunctivitis,

MM5 537

119 (E) Tetanus toxoid skin test. AIDS results when the
CD4 T cell count drops below the level required for maintaining
delayed-type hypersensitivity (DTH) and helper functions. The
tetanus toxoid skin test is a DTH test for an antigen against which
almost all adults have been immunized. The heterophil antibody




test is useful in the diagnosis of infectious mononucleosis, a

disease caused by EBV. The test measures the induction of
unusual antibody formation directed toward the Paul-Bunnell
antigen on sheep erythrocytes. The test results would not provide
useful information about the progression toward AIDS. The titer
of 1gG antibody to measles virus would be expected to remain
normal because most adults have been vaccinated against
measles as children. and the B cells should continue to make a
basal level of antibody. 1gM antibody to HIV is seen during the
initial HIV infection, when there is minimal immunodeficiency,
so it does not provide useful information about the progression
toward AIDS. Virus-specific TeM is useful for the diagnosis of
acute diseases. Serum levels of TL-1 are elevated during bacter-
ial and other infections and during inflammatory responses, Ele-
vated levels are not related to HIV disease.

MM5 663

120 (E) Ability to withstand acids and detergents and be
transmitted via the fecal-oral route. Hepatitis A and E viruses
are the viral hepatitis agenis that cause an abrupt onset of symp-
toms, Both viruses are encapsidated and are transmitted by the
fecal-oral route. Hepatitis E is an uncommon illness. The hepati-
tis B, C, and D viruses are transmitted in blood products. HSVs
and EBVs are examples of agents transmitted in saliva. The
arboviruses must maintain sufficient viremia to allow acquisi-
tion by mosquitoes taking a blood meal. Influenza. measles,
mumps, rubella. and varicella-zoster viruses are examples of
agents that replicate in the lung and spread by acrosols.

MMS5 51, 675

121 (E) Nonenveloped virus with a single-stranded DNA
genome. The patient's clinical manifestations are consistent
with the diagnosis of erythema infectiosum (fifth disease). This
childhood exanthem is caused by parvovirus B19, which is a
nonenveloped virus with a single-stranded DNA genome. The
rash appears first on the face, typically spares the mouth. and
causes the cheeks to become bright red (“slapped cheek” syn-
drome). The rash then spreads to the extremities and trunk
before it fades away. In most patients. there are no complications,
The occurrence of a parvovirus B19 infection in an individual
with hemolytic anemia, however. can lead to an aplastic crisis
because the virus infects and weakens erythroid precursors,
MM5 575

122 (A) The causative agent cannot produce DNA poly-
merase during the initial infection of neurons. The patient’s
clinical findings are consistent with the diagnosis of herpes labi-
alis, a disease caused by HSV, This DNA virus initiates herpes
labialis and then infects the ennervating neuron, establishing a
latent-recurrent infection. Latency results because the neuron
allows synthesis of only the latency-associated transcript (LAT)
RNA but no proteins. Activation of the neuron promotes pro-
gression into the replicative cycle and viral protein synthesis.
HSV activates T cell control mechanisms. It does not have vari-
able major proteins, and it does not produce integrase or RNA

polymerase. Borrelia species that cause relapsing fever have vari-
able major proteins (VMPs) on their outer membranes. Retro-
viruses encode integrases. RNA viruses and poxviruses encode
RNA polymerase.

MM5 546

123 (A) Expresses an F (fusion) protein. Paramyxoviruses
have an I glycoprotein that promotes syncytia formation and
entry into the target cell. This family of viruses includes parain-
fluenza viruses (PIVs) and RSV. PIVs are the main causes of
croup. Other causes include influenza viruses (which are
orthomyxoviruses) and RSV. Rhinoviruses grow optimally at
33°C and are resistant to detergent. They cause respiratory tract
disease but do not cause croup. Paramyxoviruses have a
negative-sense RNA genome that is not infectious. A DNA or
positive-sense RNA genome would be infectious. There is no
vaccine against PIVs or other paramyxoviruses. Killed vaccines
would make matters worse for paramyxoviruses by initiating an
incorrect immune response. RSV, PIVs, and other paramyx-
oviruses are not susceptible to acyclovir although RSV is sus-
ceptible to ribavirin. Acyclovir is used in the treatment of HSV
and V2V infections.

MM5 597

124 (A) CD4 count <200/pl. The patient's manifestations
suggest an oral Candida infection and Preumocystis pneumonia.
The combination of two opportunistic diseases, night sweats,
fever, and weight loss is indicative of a late-stage infection with
HIV. AIDS is defined by a CD4 count that drops below 200/ul. A
CD4 count of 400/ul is not low enough to allow for opportunis-
lic infections. A CD4 count above 500/ul is normal. The CDS
counts of 400/pl and 500/ul are not abnormal.

MM5 663

125 (E) Varicella-zoster immune globulin. Varicella-zoster
immure globulin (VZIG) is used to prevent infection in exposed
susceptible individuals who are immunosuppressed and are
therefore at risk of serious VZV infection. VZV is the only her-
pesvirus that responds well Lo antibody protection, The antibody
prevents the spread of VZV from the lungs to other tissues.
Amantadine is used for the prevention and treatment of
influenza A. Beta-lactam antibiotics are used for the treatment
of various bacterial infections, and pentamidine is used for the
treatment of Pneumocystis carinii infections. Although the live
VZV vaccine is safe for patients with Hodgkin's disease and
leukemia. development of protective immunity by immunization
with a varicella vaccine would take too long to be effective.
MM5 159, 553

126 (A) Absence of HB.Ag antigen. The HB.Ag and HB.Ag
are indicators that HBV is being produced. When HBV is pro-
duced, these antigens are released into the blood. Anti-HB, and
anti-HB, titers cannot be detected because they are bound to the
antigens in the blood, Decreased jaundice would indicate reso-
lution of an acute disease with liver swelling. Chronic disease.
however, is often less severe, and jaundice is not alwavs present.
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SECTION I

If it is present, the virus infection may persist despite its reduc-
tion. The presence of anti-HB, indicates resolution of the infec-
tion but at a later time. A decrease in anti-11B. would be a normal
consequence of time, An increase in the anti-HB, titer occurs at
the start ol acute infection. IgM anti-HB, is a good indicator of
recent infection. whereas lgG anti-HB, indicates previous exXpo-
sure. An increase in the serum alanine aminotransferase level
indicates liver damage, not success at therapy. This is an indica-
tor of hepatitis.

MMS5 685

127 (B) The patient was not recently infected with a strain
containing H3 but was infected with it earlier in life, The HAI
lest identifies the presence of antibody that blocks the interac-
tion of viral HA with red blood cells. Seroconversion upoen pro-
gression from acute disease to convalescence requires that there
be a fourlold increase in antibody titer. The figure shows only a
twolold increase, so the patient was not recently infected.
However. the titer is high enough to indicate infection earlier in
life. The assay evaluates only the HA: no information can be
obtained regarding the NA,

MMS5 520
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128 (D) Erythrocyte P antigen. Binding of the VAPs to spe-
cific cell receptors determines which cells are infected by the
virus. The receptors may be proteins. glycoproteins. or glyeolipids.
Parvovirus B19 binds to erythrocyte P antigen on ervthroid pre-
cursors. Examples of other receptors for viruses include the fol-
lowing: EBV binds to the €3d complement receptor on B cells, HIV
binds to the CD4 molecule and chemokine coreceptor on T lym-
phoeytes. poliovirus binds to the immunoglobulin superfamily
prolein receptor on epithelial cells. and influenza A virus binds to
sialic acid receptors on epithelial cells,

MMS5 55, 573

129 (B) Development of an antibody response that blocks
viremia. Polio vaccines have virtually eliminated disease caused
by wild-type polioviruses. Vaccination elicits an antibody
response that blocks viremia and thereby prevents the spread of
the virus [rom the primary sites of infection (the oral pharynx
and Peyer patches in the intestinal mucosa) to the anterior horn
cells of the spinal cord. Although HSV travels from the skin to
the nerve. poliovirus does not. Antibody targeting ol the infecied
cell is not protective because the virus will kill the cell anyway.
\ntibody blocking of viral spread through the nervous system
would be too late and too inefficient to prevent disease. CD8 T cell
Immunity may not be initiated by the killed polio vaccine. In any
case. this type of immunity is not necessary because the

poliovirus kills the cells that it enters. Only the extracellular
virions must be stopped.
MM5 146, 587

130 (B) Viremia in a horse is not sufficient to promote
transmission, WEL virus is an arbovirus transmitted by Culex
mosquitoes, and the natural reservoirs are birds. Humans and
horses are dead-end hosts because the viremia is insufficient to
allow other mosquitoes to acquire the virus from them. There is
no approved or standard vaccination against the WEE virus.
WEE virus can infect humans and can cause symptoms ranging
from mild flu-like disease to encephalitis. 1t is not transmitted
sexually nor in marsh water,

MMS5 643

131 (A) Hepatitis A. All of the symptoms are characteristic
ol hepatitis. but the abrupt onset indicates HAV or HEV. HAV and
HEV are spread by the fecal-oral route. HEV is uncommon in the
United States. The presence of antibodies to only HB,Ag indicates
cither vaccination against hepatitis B. Hepatitis B. C. and D.
which are spread in blood and by sexual contact. are insidious in
onset. HDV requires coinfection with HBV. HEV, which is spread
by the fecal-oral route, is uncommon in the United States but
causes symptoms similar to HAV, HEV has more serious conse-
quences for pregnant women. with a mortality rate as high as
25% for the women.

MM5 678

132 (E) Rotavirus. For this patient. the history, clinical man-
ifestations, and description of the virus all point to rotavirus,
This virus s a frequent cause of diarrhea in children and is trans-
mitted by the fecal-oral route. Like other members of the family
Reoviridae, rotavirus is a nonenveloped. double icosahedral,
double-stranded RNA virus (double/double). This virus is a
major cause of infant mortality worldwide. causing over 1
million deaths per vear. Of the answers listed. only rotavirus is a
virus with a double-stranded RNA genome and a double capsid.
Some types ol adenoviruses cause diarrhea, but all members of
the family Adenoviridace are icosahedral, nonenveloped, double-
stranded DNA viruses. so they do not fit the description provided.
Coronaviruses can cause diarrhea, but all members of the family
Coronaviridae are helical, enveloped. single-stranded, positive-
sense RNA viruses. Coxsackievirus A, a member of the genus
Enterovirus and the family Picornaviridae. is not associated with
diarrhea. Furthermore, the picornaviruses are icosahedral,
nonenveloped. single-stranded, positive-sense RNA  viruses,
Norwalk virus. a member of the family Noroviridae, causes a
short bout of diarrhea. usually accompanied by vomiting that
lasts 1 to 2 days, All noroviruses are icosahedral, nonenveloped.
single-stranded, positive-sense RNA viruses,

MM5 631

133 (D) Change in viral glycoprotein. The results indicate a
change in the host range (the cell types and species a virus can
infect). Infection is initiated when the viral glycoprotein recog-
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nizes the host cell receptor. Passage of the virus in chicken cells

allows viral mutants to become dominant under these unnatu-
ral conditions. A change in the replicative machinery may also
have occurred because mosquito cells grow at a different
temperature than do tissue culture cells. [t is unlikely that a
change in the horse would occur to make it become resistant to
infection. A change in the mosquito or its cells is also unlikely to
oceur, The WEE virus is a togavirus and is enveloped. The viral
capsid is inside the envelope and will not affect the virus/cell
interaction. The lipid composition of the enveloped virus has
little influence on the infection.

MM5 644

134 (A) HIV causes a lytic infection of T cells. Both HTLY
and HIV are retroviruses. However, HTLV is an oncovirus.
whereas HIV is a lentivirus. HTLV causes a slow, transforming
infection, whereas HIV causes a lytic infection of the CD4 T cells.
As a result, the nature of the diseases is extremely different. As
retroviruses, both HTLY and HIV produce protease and reverse
transcriptase. Protease facilitates breakdown and final assembly
of the polyprotein components of the capsid. Both HTLY and HIV
infect CD4 T cells and neurons. Neuronal infection by HTLV
causes spastic paraparesis. HIV causes dementia in patients with
AIDS.

MMS5 659

135 (C) HBV and HIV. IIBV and HIV encode reverse tran-
scriptases that share sensitivity to lamivudine, an FDA-approved
drug that is also called 3-thiacyiosine (3TC). CMV, VZV. and HSV
are herpesviruses. Foscarnet is an anli-CMV drug that targets
the herpesvirus-encoded polymerase. Acyclovir, lamciclovir, and
valacyelovir are anti-VZV and anti-HSV drugs that are activated
by viral thymidine kinase and inhibit the herpesvirus-encoded
polymerase. Papillomaviruses do not encode a polymerase.
Poliovirus and HAV do not encode a thymidine kinase or a poly-
merase. Ribavirin is approved for the treatment ol severe RSV
infection and hepatitis C (with IFN-y). The drug inhibits RSV and
several other viruses but not rubella virus. No antiviral drug has
been approved for the treatment of rubella.

MMS5 505, 667, 685

136 (E) Is spread by the respiratory route. The patient’s
history and clinical manifestations are consisient with the diag-
nosis of rubella, a disease that can be prevented by use of the
MMR vaccine. Rubella virus is transmitted by the respiratory
route and only infects humans. Like other togaviruses, rubella
virus is an enveloped, single-stranded, positive-sense RNA virus.
Detergent removes the viral envelope and inactivates the virus.
MM5 645

137 (C) Vaccination with a live, attenuated vaccine. The
patient’s clinical manifestations are consistent with the diagno-
sis of measles. This disease is normally prevented by routine
childhood immunization with the MMR vaccine. The MMR

vaccine contains live. attenuated viruses, An inactivated measles
vaccine was once used; however, it was withdrawn from use
because it was found to promote more serious disease (atypical
measles) in some individuals who had been vaccinated with it
and were subsequently exposed to natural infection. Although
immune globulin will ameliorate the symptoms of measles, it is
not the standard means for preventing the disease. Measles
‘annot be prevented with amantadine or a subunit vaccine.
Amantadine is used to prevent influenza A, A subunit vaccine is
used to prevent hepatitis B.

MM5 163, 603

138 (B) Immortalization of B cells in tissue culture.
Hodgkin's lymphoma is a B cell neoplasm. In the absence of T
cells. EBV activates and promotes the outgrowth of B cells.
Immunosuppression can reduce the number of T cells and
thereby allow the outgrowth of latently infected B cells or newly
infected B cells. In infectious mononucleosis, the lymphocytosis
is due to proliferation of T cells responding o EBV infection.
Atypical lymphocytes are T cells. Patients infected with this virus
may develop oral hairy leukoplakia (a white patch on the tongue
or buccal mucosal. Virus production by a DNA virus results in
cell death, however., so continued growth of lymphocytes (lym-
phoma) will not occur. Heterophil antibody is produced by EBV-
infected B cells. It is not responsible for tumor development.
MM5 557

139 (A) Coronavirus. The patient's clinical manifestations
are consistent with the diagnosis ol a commaon cold, which is
usually caused by a rhinovirus or a coronavirus. Hantavirus is a
bunyavirus that is spread by rodents and causes a severe hem-
orrhagic respiratory disease, Norwalk virus is a norovirus that
causes a diarrheal disease. Rubella virus is a togavirus that
causes German measles. Although togaviruses can cause flu-like
symptoms, they do not cause colds. Like rabies virus, vesicular
stomatitis virus (VSV) is a rhabdovirus. VSV does not usually
cause disease in humans.

MM5 591

140 (B) Deltavirus. The patient has HDV infection. HDV is
an RNA virus that is referred to as the deltavirus or delta agent.
HDV requires HBV for replication. HDV will replicate faster if the
HBV infection is already established (chronic disease) and if the
patient is superinfected, rather than coinfected. with HDV. Simi-
larly. symptoms will progress faster in patients who are super-
infected rather than coinfected. HAV is a picornavirus; HBV is a
hepadnavirus: HCV is a flavivirus; and HEV is a calicivirus, HAV
and HEV are transmitted via the [ecal-oral route and rarely cause
fulminant disease or cirrhosis. HBV, HCV, and HDV are trans-
mitted sexually or via contact with blood or other body fluids.
HEV is also transmitted transplacentally. HBV rarely causes ful-
minant disease or cirrhosis. HCV causes cirrhosis but with slow,
insidious onset,

MM5 688
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141 (B) Reassortment. Reassortment is the mixing of gene
scgments within a single infected cell to produce a new virus
with components of cach of the parental viruses. Complemen-
tation occurs when one virus (or a cell expressing viral proteins)
provides an enzyme or protein required by another virus (i.e.. a
delective mutant), thereby allowing replication of the virus.
Recombination is the process in which coinfection and exchange
of genes occurs within a single strand to create two hybrid
viruses. Transcapsidation (camouflage) occurs when the
genome of one virus is wrapped in the shell or envelope of a dit-
ferent virus. Transposition oceurs when genes are rearranged by
recombination or other means.

MMS5 63

142 (E) Small-sized, detergent-resistant virus with a
genome that is infectious. The patient's clinical manifestations
are consistent with the diagnosis of hand-foot-and-mouth
disease. This disease is caused by coxsackievirus A (probably
A16), which like other picornaviruses is a small, naked-capsid

virus whose genome consists of a single positive-sense strand of

RNA. This genome is the same as mRNA, and when it is inserted
into a cell, it is capable of causing infection. Coxsackieviruses are
enteroviruses and are resistant to detergents. Poxvirus is a large-
sized, detergent-sensitive virus that encodes a DNA and an RNA
polymerase. Although poxviruses are DNA viruses, they repli-
cale in the cytoplasm and must make their own RNA. An
adenovirus is a medium-sized. detergent-resistant virus that
replicates in the nucleus; this virus is a naked-capsid DNA virus
whose penton base and fibers are cytotoxic, A medium-sized,
detergent-resistant virus with a genome that is infectious could
be a coronavirus or an encapsidated DNA virus, such as an ade-
novirus. A small-sized. detergent-resistant virus that replicates
in the nucleus could be a papovavirus or a parvovirus. Corona-
viruses and hepadnaviruses are the only enveloped viruses that
are resistant o detergents.

MMS5 51, 579

143 (D) Multiple viral serotypes. The patient has the symp-
toms of a common cold. which in 85% of cases is caused by one
ol more than 100 different serotypes of rhinovirus. Coron-
aviruses are also a [requent cause ol the common cold. Rhi-
novirus is a picornavirus that causes only upper respiratory tract
infections because it cannot replicale in the higher temperatures
of the lung. Although some viruses (such as herpesviruses) can
cause recurrent viral disease, rhinovirus and other picor-
naviruses cannot. Therefore the second occurrence was caused
by a different serotype of rhinovirus or other cold-causing virus.
Chediak-Higashi syndrome results in neutrophil dystunetion,
which would have little effect on this viral infection. DiGeorge
syndrome is characterized by T cell deficiency, and T cells are not
essential for control of a rhinovirus infection. IFN is probably the
main host protection. IgA might contribute to protection, but
there are too many rhinovirus serotypes to be immune to all
ol them,

MM5 588, 697

144 (CQ) Immunoglobulin superfamily protein on epithelial
cells. Binding of VAPs to specific cell receptors determine which
cells are infected by the virus. The receptors may be proteins. gly-
coproteins, or glycolipids. Poliovirus binds io the immunoglobu-
lin superfamily protein receptor on epithelial cells. Examples of
other receptors for viruses include the following: EBV binds to
the C3d complement receptor on B cells. HIV binds to the CD4
molecule and chemokine coreceptor on T lymphocytes, rabies
virus binds to the acetylcholine receptor on neurons, and
influenza A virus binds to sialic acid receplors on epithelial cells.
MM5 55

145 (D) Generation of double-stranded DNA from RNA tem-
plates. Weight loss, opportunistic inlections (thrush caused by
Candida albicans and pneumonia caused by Preumocystis carinii),
and a low CD4 T cell count suggest the diagnosis of HIV infec-
tion and AIDS. HIV is a retrovirus that is released into blood
and produces reverse transcriptase. DNA and RNA are degraded
by deoxyribonuclease and ribonuclease, respectively. These
enzymes are produced by the host and several viruses, so they
would not confirm the diagnosis of a specific type of viral infec-
tion. NA [rom orthomyxoviruses or paramyxoviruses degrades
sialic acid. Most DNA polymerases will make double-stranded
DNA from single-stranded DNA. both viral and cellular, so this
would not confirm the diagnosis of a specific type of viral
infection.

MM5 659

146 (D) The virus strain that caused influenza 5 years ago
is not the same strain that caused the current disease.
Influenza viruses undergo shift and drift. Every vear, different
strains of influenza A and B virus predominate. Periodically, a
totally new virus cvolves and causes a pandemic. As a resull, it
is difficult to be immune to all of the influenza viruses. Immuno-
suppression would increase an individual's susceptibility to
influenza. Although smoking compromises the ciliated epithe-
lium and would increase the risk of infection with influenza
viruses, all individuals are at risk of infection with strains of
influenza virus that have not infected them previously, After a
person is infected with a strain of influenza virus, he or she will
have long-lasting immunity against that particular strain.
Influenza does not infect an immune-privileged site.

MM5 613

147 (A) Double-stranded, segmented RNA virus with a
double capsid. Severe nonbloody diarrhea in an infant is usually
caused by rotavirus. This virus has a double-stranded. seg-
mented RNA genome and a double capsid. A gram-negative rod
that does not ferment lactose describes Shigella. a bacierium that
causes bloody diarrhea. The patient has nonbloody diarrhea. A
gram-positive anaerobe could indicate Closiridium difficile. Tn
patients taking high doses of antibiotics, C. difficile sometimes
causes pseudomembranous colitis. which is characterized by
profuse watery or mucoid diarrhea but s accompanied by
pseudomembrane formation. A pear-shaped trophozeite with
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two nuclei and four pairs of flagella describes the trophozoites of

Giardia lamblia, a protozoan parasite that causes smelly, crampy.
watery diarrhea in people who drink contaminated water. A
single-stranded, positive-sense RNA virus with a capsid describes
“orwalk virus, a norovirus that is implicated in community out-
breaks of diarrhea. The diarrhea caused by Norwalk virus is
asually of short duration and is commonly accompanied by
vomiting.

MM5 631

148 (B) Inhibiting the activity of p53 and RB. HPV types 16
and 18 are found in association with most cervical cancers.
These viruses inhibiit the cell growth-suppressing activities of
533 and RB. As a result, cell growth remains unchecked. A lytic
virus will kill the target cell, and this is inconsistent with tumori-
senicity, Production of a ¢DNA intermediate and promotion of
viral glycoprotein expression on the cell surface are characteris-
tics of retroviruses. Unlike retroviruses, papillomaviruses are
DNA viruses and therefore do not produce ¢cDNA intermediates.
Papillomaviruses have a naked capsid and do not encode glyco-
proteins on the cell surface. Cell growth suppressors p33 and
RB normally prevent tumor production, cell growth, and HPV
replication.

MMS5 526

149 (A) Acyclovir. The patient's manifestations are consis-
tent with the diagnosis of encephalitis caused by HSV. Lympho-
cytes but no polymorphonuclear leukocytes in the CSF suggests
a viral etiology. One of the key clues that the agent is HSV is the
time of year (it is not mosquito season), and another clue is that
the disease is limited to one temporal lobe. Acyclovir is a
nucleotide analogue that is activated by HSV thymidine Kinase
and inhibits HSV polymerase. Amantadine is an anti-influenza
A drug. Amphotericin B is an antifungal agent. Celtriaxone is a
third-generation cephalosperin that is used to treat bacterial
meningitis, Rifampin is an antibacterial agent that is used to
prevent meningococcal meningitis.

MM5 548, 549

150 (A) California encephalitis virus. The patient’s clinical
manifestations are consistent with the diagnosis of meningoen-
cephalitis. The prodrome and short course of the disease, the
time of vear, and the likelihood of exposure to forest-dwelling
mosguitoes (Culex species) all implicate California encephalitis
virus as the cause of the disease. Coxsackievirus A may be
responsible for similar symptoms, but the epidemiologic data do
not support this choice. The fungus C. neaformans would cause a
more serious and longer-lasting disease than that described in
the patient. CMV is not a commaon cause ol meningitis, and it
rarely causes symptoms in immunocompetent individuals.
Group B Streptococcus causes meningitis in infants rather than in
adults, and the disease does not resolve quickly.

MM5 644

151 (C) Profile C. The patient has experienced a gradual,
insidious onset of hepatitis, likely to be caused by HBV. HBAg

and HB,Ag are present during symptoms. HB,Ag is present while
the virus is being shed. Anti-HB,. may be seen before other anti-
bodies. Anti-HB. and anti-HB, cannot be detected or are not
present when their antigens are also detected in the blood. Anti-
HB, and HB,Ag are not detectable at the same time. The presence
of HB.Ag signifies the presence of virus (either during the early
phase of infection or during chronic infection]. whereas anti-HB,
denotes resolution of disease. An individual who has anti-HB,
but lacks other markers of infection has been immunized with
the HBV vaccine.

MM5 684, 685

152 (B) Human herpesvirus 6. The patient’s clinical mani-
festations are consistent with the diagnosis of roseola infantum.
or exanthema subitum. This discase. caused by human herpes-
virus 6 (HHV-61. is one of the live exanthematous discases of
early childhood. Detergent sensitivity indicates an enveloped
virus, such as a herpesvirus. Coxsackievirus A can cause
herpangina, with vesicles in the mouth, and can cause hand-loot-
and-mouth disease, with vesicles in these locations. However, the
virus is a picornavirus and is resistant to detergent. Like HHV-6.
measles virus and rubella virus are enveloped viruses that cause
exanthematous diseases. Measles and rubella. however. infect a
person for @ longer duration than roseola, and fever and rash
oceur together. Rubella is also accompanied by lymphadenopa-
thy. Parvovirus B19 causes fifth discase, a childhood exanthem
with symptoms similar to those seen in the patient. However, par-
voviruses are encapsidated and resistant to detergents.

MM5 562

153 (B) Detergent-resistant agent that elicits no inflam-
mation. The patient's clinical and autopsy findings are consistent
with the diagnosis of CJD. This disease is caused by a prion. The
prion is resistant to detergents. DNase, and most of the other
agents that normally inactivate classic viruses. Prions are
mutated versions ol host proteins and do not elicit inflammation.
A detergent-resistant agent controlled by antibody describes a
naked-capsid (detergent-resistant] virus, such as a picornavirus.
Poliovirus is a picornavirus that is neurotropic and causes paral-
ysis. Antibody is sufficient to control viremic spread of poliovirus
and disease production. A detergent-resistant. opportunistic
agent describes a naked-capsid {detergent-resistant) virus. The
JC papovavirus is an opportunistic capsid virus that causes neu-
rologic disease. JC virus causes progressive multifocal leukoen-
cephalopathy. which is a slow viral disease, but JC elicits and is
controlled by the immune response. A detergent-sensitive agent
conirolled by cell-mediated immunity describes an enveloped
virus. Most enveloped viruses are controlled by cell-mediated
immunity, and those that produce neurologic disease include
HSV and measles viruses, togaviruses, and flavi-encephalitis
viruses. Cell-mediated immunity controls and contributes to the
pathogenesis by these viruses. A detergent-sensitive agent that
is vaccine preventable also describes an enveloped virus. The
vaccine-preventable enveloped virus infections that can cause
neurologic symptoms are measles virus tand the subacute scle-

129




rosing panencephalitis, or SSPE. measles variant) and VZV. Cell-
mediated immunity controls and contributes to the pathogene-
sis by these viruses.

MM5 591

154 (E) Parainfluenza virus type I. Of the options listed. only
paraintluenza virus type I causes syncytia formation. The
patient’s clinical manifestations are similar to the symptoms of
a common cold. which can be caused by a coronavirus, or to the
symptoms of influenza, which is most frequently caused by
influenza A or B virus bul is rarely caused by influenza C virus.
Coronavirus can be ruled out because it is not isolated and
cannot form syneytia. Influenza viruses and parainfluenza
viruses all cause hemadsorption, but influenza viruses can be
ruled out because they do not form syncytia,

MMS5 603

155 (C) Multiple sexual partners. The patient has the symp-
toms of mild hepatitis. An ongoing infection with HBV is indi-
cated by the presence of HB,Ag and HB,Ag in the absence of
anti-HB.. Risk lactors for HBV infection include multiple sexual
partners and contact with contaminated blood products (via
needle sharing and other means). Antibodies to HAV, EBV, and
CMYV indicate prior exposure. Although alcoholism can cause
serious liver disease, the serologic results for this patient suggest
that HBV is the cause. Contaminated water may be a source of
infection by HAV but not HBV. Travel to regions with poor sani-
tation may put one at risk for HAV infection. HEV infection, and
other diseases but not necessarily for HBV infection, If HAV were
the cause of the patient's hepatitis, then the onset of symploms
would be sudden and not subtle, just as for a person infected with
HBV. Antibody to HAV indicates prior exposure. Smoking is not
a direct risk factor for liver disease.

MM5 684, 685

156 (D) IgG. Theinfant should be protected by maternal anti-
HAV IgG. Maternal IgG, which crosses the placenta and is also
present in breast milk, has a half-life of 120 days in the infani.
Antibody in the infant’s blood would block progression of HAV to
the liver. IgA can be a secretory or a serum antibody. It might be
secreted in breast milk. but its production is transient and would
require that the mother be exposed shortly before the infant is
exposed. IgD is an early antibody present on B-cell surfaces. Igk
is produced in relatively low levels and binds tightly to mast cells
to initiate allergic reactions. IgM is an early antibody that would
not be provided by the seropositive mother because the maternal
IgM molecules are too big to cross the placenta. TgG is the only
immunoglobulin that is transferred across the placenta.

MMS5 111, 677

157 (B) Profile B. Profile B resembles the profile of an indi-
vidual who was vaccinaled against hepatitis B. Vaccinated indi-
viduals develop anti-HB, but not the other types of antibodics.
I'he presence of HB.Ag. seen in all of the other profiles. is an carly
marker of current acute or chronic infection. A person who was
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infected with HBV in the past would have antibodies to other viral
antigens (as in profiles A and C). The combination ol findings
shown in profile E is not possible because the presence of HB.Ag
would preclude the detection of unbound antibody (anti-HB, ).
MM5 684, 685

158 (A) Absence of antiviral antibody but presence of an
abnormal protein in the brain. Presenile dementia, myoclonic
jerks. the absence of an immune reaction {encephalopathy), and
the presence of spongiform vacuolation are findings that suggest
CJD. The patient may have acquired the disease from a contam-
inated cornea. and this route of infection would decrease the
incubation period. The agent of the disease is a modified form of
prion protein (PrP) that promotes the generation of scrapie-like
PrP The findings of high titers of antibody to measles virus and
isolation of a measles variant from the brain suggest the diag-
nosis of SSPE, a slow viral disease caused by a mutant strain of
measles virus. This disease, however, is not associated with the
vacuolation of neuronal cells, A history of cold sores suggests
encephalitis caused by NSV, Like VZV and CMV, HSV is an
enveloped DNA virus. However, herpesvirus-induced encephali-
tis would elicit an immune response and would not cause vac-
uolation of neuronal cells. Isolation of a small, naked capsid
virus from the brain suggests an infection with JC virus, a papo-
vavirus that causes progressive multifocal leukoencephalopat hy.
This disease. however, is not associated with the vacuolation of
neuronal cells. A virus with an enveloped capsid containing an
RNA genome might describe an arboviral encephalitis virus or
even HIV or HTLY, but these viruses are not associated with the
vacuolation of neuronal cells.

MM5 691

159 (C) Fecal-oral route. The patient’s history and clinical
findings are consistent with the diagnosis of poliomyelitis. This
disease is caused by poliovirus, a picornavirus that is produced
by epithelial cells in the gastrointestinal tract and is transmitted
via the fecal-oral route. Although some picornaviruses can be
transmitted by the respiratory route, poliovirus is not trans-
mitted in this manner. Viruses must generate a significant and
long-lasting viremia to be transmitted via arthropod bites (as is
the case with flaviviruses responsible for yellow fever and dengue
viruses) or via parenteral means (as is the case with HBV and
HIV), Viruses that cause dermatologic and sexually transmitted
diseases may be transmitted by contact with lesions, Althou gh
many picornaviruses are transmitted by the respiratory route.
poliovirus is a picornavirus that is not transmitted in this
manner.

MM5 582

160 (D) Binding of antibody to immobilized antigen. An
ELISA procedure is used to initially screen blood for HIV. In this
ELISA, HIV antigen is affixed to a plastic plate. Donor blood is
added to the well and bound antibody is then detected by a
second antibody that has an attached enzyme. The enzyme con-
verts a chromophore to color. Amplification of the viral genome
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and subsequent detection of the genome by gel techniques

deseribe a PCR procedure that is useful for following the course
of HIV infection but is not useful for screening. Antibody-
induced lysis of antigen-loaded erythrocytes in the presence of
complement describes an older test that is not commonly used
today. Binding of antibody to antigen that is bound to nitrocel-
lulose paper describes the Western blot analysis that is used for

confirmation of HIV infection but not for screening. Binding of

antigen to immobilized antibody describes an ELISA procedure
designed to detect antigen (e.g.. rotovirus); the current screen-
ing test for HIV is an ELISA procedure designed to detect anti-
body. rather than antigen.

MM5 185

161 (E) Yellow fever virus. Yellow fever virus and dengue
virus are transmitted by Aedes mosquitoes. These viruses have a
jungle and urban pattern of transmission because humans can
act both as host and reservoir. B. burgdorferi. the agent ol Lyme

disease, is transmitted by Ixvodes ticks. Hantavirus, an agent of

respiratory disease. is transmitted via contact with rat droppings.
P vivax, an agent of malaria. is transmitted by Anopheles mos-
quitoes. St. Louis encephalitis virus is transmitted by Culex
mosquitoes.

MMS5 642

162 (C) Antirotavirus antibody and enzyme-linked antiro-
tavirus antibody. A stool sample would contain large amounts
ol rotavirus, which can be detected by a capture ELISA. In the
caplure assay, the antigen is concentrated and held in the plastic
well for deteciion by the enzyme-linked virus-specific anti-
body. Use of anti-IgG or anti-lgh with enzyme-linked
anti-immunoglobulin describe serologic tests for 1gG and lgh.
respectively, These tests would not confirm the diagnosis,
hecause they are not virus-specific. A serologic test to detect the
presence of antibody to rotavirus uses rolavirus antigen and
enzyme-linked anti-immunoglobulin. The antibody will not be
present in a stool sample. A serologic test with rotavirus antigen
and enzyme-linked antirotavirus antibody would not work.
Antibody to rotavirus present in a serum sample would bind 1o
the antigen affixed to the plastic well, as would the enzyme-
linked antibody. All wells would give a positive signal.

MMS5 633

163 (E) Sialic acid receptor on epithelial cells. Binding of
the VAPs to specific cell receptors determine which cells are
infected by the virus. The receptors may be proteins, glycopro-
teins. or glycolipids. Influenza A virus binds to sialic acid recep-
tors on epithelial cells. Examples of other receptors for viruses
include the following: EBV binds to the C3d complement recep-
tor on B cells. HIV binds to the CD4 molecule and chemokine
coreceptor on T lymphocytes, poliovirus binds to the
immunoglobulin superfamily protein receptor on epithelial cells,
and parvovirus B19 binds to erythrocyte P antigen on ervthroid
precursors,

MMS5 55

164 (D) Virus with a single-stranded, negative-sense DNA
genome. The patient has erythema infectiosum. also called fifth
disease. which is one of the five childhood exanthems. The
disease is caused by parvovirus B19. a single-stranded. negative-
sense DNA virus. N, meningitidis is a bacterium that is a gram-
negative diplococcus and can cause petechiae. S. pyogenes is a
gram-positive coccus and can cause scarlet fever, Rotavirus is a
virus with a double-stranded RNA genome but causes diarrhea.
Rhabdoviruses. paramyxoviruses. orthomyxoviruses, and sev-
eral other viruses have a single-stranded. negative-sense RNA
genome.

MM5 573

165 (D) Treatment with rimantadine. Rimantadine and
amantadine are active against influenza A virus but not
influenza B virus. If treatment is initiated carly. it can block viral
replication and thereby prevent influenza. However. il treatment
is initiated after 3 days of symptoms. the virus has already repli-
cated and elicited a response, so treatment is not effective. Active
immunization does not take elfect for approximately 2 to 3
weeks. This would be too long to help a person who has already
been exposed to an influenza virus. There are several reasons
that passive immunization is not effective against influenza
viruses. One is that influenza viruses cause a respiratory disease
rather than causing viremia. Passive Immunization would only
prevent viremia. Another is that there are many influenza virus
strains, so it would be diflficult to provide the appropriate anti-
bodies for passive immunization. Ribavirin is indicated for the
treatment of respiratory syneytial virus in infants. It is difficult
to administer and is not appropriate for the treatment of
influenza in adults. Liquids and vitamin C are helpful in the man-
agement of influenza symptoms, but they cannot prevent the
disease. Only active immunization or early administration of
rimantadine or amantadine can prevent influenza.

MM5 510, 616

166 (C) Influenza virus. Viruses with segmented genomes
have an enhanced capability to exchange genetic information
and rapidly evolve into new strains through mutation and reas-
sortment of the gene segments among different human and
animal strains of virus. This genetic instability is responsible for
epidemics and pandemics of influenza virus infections. Are-
naviridae (e.g., Lassa fever virus, Junin virus. Machupo virus.
lymphocytic choriomeningitis  virus) and Reoviridae (e.g..
rotavirus, Colorado tick fever virus) also have segmented
genomes, The other viruses listed in the answers to this question
do not have a segmented genome.

MM5 63

167 (B) The agent does not express unique immunogenic
epitopes. The spongiform encephalopathies include scrapie. CID.
and Gerstmann-Straussler-Scheinker syndrome. Their ageni.
the prion, appears to be a mutant form of a cellular protein that
binds to and induces a change in the conformation of the native




protein, causing shedding and aggregation of the protein. The
expression of the PrP is increased, and the cyele continues. The
prion resembles the host protein and does not express unigue
immunogenic epitopes. It does not cause Iytic infection: however,
[vtic infection is not @ criterion for inducing an immune
response. Unlike CMV, HIV, and various other infectious agents,
prions do not infect T cells and are not immunogenic or immuno-
suppressive. Immunoprivileged sites include the eyve and the
central nervous system, Prions are found in these and other sites
le.g., blood, organs).

MM5 691

168 (D) Norwalk virus. The case describes a typical comnu-
nity outbreak of disease caused by Norwalk virus, a norovirus.
Norwalk virus is a nonenveloped, single-stranded, positive-sense
RNA virus. Under the electron microscope, it often appears as
star-like or pockmarked icosahedron. Adenoviruses and coron-
aviruses can cause diarrhea. Adenoviruses. however, are DNA
viruses that are larger than 27 nm and have an icosadeltahedral
capsid with fibers, Coronaviruses are single-stranded. positive-
sense RNA viruses that are larger than 27 nm and have an enve-
lope. Echovirus 11 is & picornavirus and is therefore small.
However. it does not cause diarrhea. Rotavirus is a nonen-
veloped, double-stranded RNA virus, It may cause symptoms
similar to those described, but it is larger than 27 nm, and it is
usually benign in adults. Rotavirus is the major cause af infan-
tile diarrhea.

MM5 594

I'rom Cohen |, Powderly WG: Infectious diseases. ed 2, St Louis,
2004, Mosby.

169 (A) Encodes reverse transcriptase. The presence of [gG
antibodies to HAV in the absence of IgM antibodies to [AV indi-
cates prior but probably not recent infection with HAV. The pres-
ence of HBAg and IgM antibodies to HB.Ag indicates recent
infection with HBV. HBV is a DNA virus in the family Hepad-

naviridae. During replication. a longer than genome-length RNA
is transcribed as a replicative intermediate, and the viral poly-
merase (reverse transcriplase) converts it into a DNA copy and
then into double-stranded DNA within the virion. HAV has an
icosahedral capsid, but the patient’s serologic results suggest a
recent infection with HBV rather than HAV. HBV does not
immortalize B lymphocytes and is not transmitted by mosqui-
toes. EBV can cause hepatitis and also immortalizes B lympho-
cvles. Most RNA viruses, which would include HAV, HCV, and
HEV, have a replication cycle with a double-stranded RNA inter-
mediate. Yellow fever virus, which causes jaundice and hepati-
tis, is transmitted by mosquitoes.

MMS5 676

170 (E) IgM antibody to California encephalitis virus in
the blood. The patient’s symptoms indicate encephalitis, Mos-
quitoes near a camp may be carriers. and California encephali-
tis virus is found in Ohio. [gM antibody indicates recent infection.
Antibody to the phospholipid cardiolipin (reagin) occurs with
syphilis. Although some patients with tertiary syphilis have neu-
rologic manifestations. neurosyphilis is a chronic disease and
would not be likely in an 11-year-old patient. Owl’s eye inclusion
bodies are characteristic of CMV infection. CMV and CMV-
infected cells, however, are often shed in the urine of asympto-
matic individuals, as well as of symptomatic individuals, CMV
is unlikely to cause encephalitis, even in immunocompromised
patients. Heterophil antibody is associated with the early stages
of infectious mononucleosis caused by EBV. EBV infection is
not usually associated with neurologic symptoms. HSV can
cause encephalitis. with a serious outcome. However, the camp
setting, season, and positive outcome suggest an arboviral
encephalitis.

MMS5 651

171 (E) SSPE. SSPE. or subacute sclerosing panencephalitis.
results from infection with a defective measles virus that remains
in neurons and elicits damaging inflammatory responses.
The defective virus evolves during a primary infection. and
the SSPE occurs later in life. CJD and kuru are spongiform
encephalopathies caused by prions, Kawasaki disease. a disease
whose cause is unknown, is also called mucocutaneous lymph
node syndrome. JC virus, a polyomavirus that is ubiquitous,
causes progressive multifocal leukoencephalopathy, a disease
seen most frequently in immunosuppressed individuals.

MM5 602

172 (E) T cells. The patient's manifestations are consistent
with the diagnosis of measles. The combination of Koplik spots
plus cough, coryza, and conjunctivitis (the “three Cs"}. one diag-
nostic for measles, T cells are essential for the control of a
measles virus infection. T cell-deficient individuals have severe
complications, such as giant cell pneumonia. 1gG is important
and will prevent the spread of measles virus via the blood. but it
will not prevent local viral replication. Ig A will prevent recurrent
infection of the lung. Igk is not important for viral infections, but
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it is important for control of helminth infections. Neul rophils are

mainly important for bacterial infections.
MM5 602

173 (C) Respiratory droplets. The patient has the classic
svmptoms of measles: the three Cs, the rash, and Koplik spots.
The measles virus is a respiratory tract virus. Measles is not
spread by blood or blood products. mesquitoes. or sexual contact,
Although contact with contaminated saliva might transmit
measles, this is not the predominant means of transmission.
MM5 600

174 (€) HCV. Transaminase levels are increased in patients
with chronic liver infections, The HCV is the most common ol
the non-hepatitis A and non-hepatitis B virnses and is the most
likely member of this group to cause chronic hepatitis. In the
past, before donated blood was screened for HCV, the agent was
readily transmitted via blood transfusion, HCV is a flavivirus that
cannot be isolated or grown, HAV is a norovirus. HBV is a hepad-
navirus, HDV is the deltavirus, and HEV is a nornovirus. HAV
and HEV do not cause chronic infection. HDV requires coinfec-
tion or previous infection with HBV,

MM5 685

175 (C) Levofloxacin. The patient's symptoms and clinical
course are consistent with the diagnosis of pneumonia caused
by a bacterial superinfection. Cilia in the respiratory tract are an
important protective mechanism againsl bacterial infection. In
this case, the patient's initial bout of influenza caused the loss of
cilia. Influeniza viruses can themselves cause pneumonia;
however, the patient’s symptoms subsided before they reap-
peared or worsened. so a superinfection is more likely. Pneumo-
nia after influenza is usually caused by a bacterium such as
Staphylococcus aureus, Streptococcus pnewamoniae, or Haemophilus
influenzae. Treatment would include an appropriate antibacterial
agent, such as levofloxacin or ceftriaxone. An antiviral agent
would not be indicated. Acyclovir is used for the treatment of
HSV and VZV infections. Amantadine and rimantadine are used
for the prevention and treatment of influenza but are effective
only if they are given shortly alter exposure to an influenza virus.
Ribavirin is approved for the treatment of respiratory syncytial
virus infections.

MM5 614

176 (C) EBV. The patient's clinical and laboratory findings
are consistent with the diagnosis of heterophil-positive infec-
tious mononucleosis, a disease caused by EBV or Epstein-Barr
virus. Adenovirus is a common cause of pharyngitis. with or
without conjunctivitis. Adenovirus infection would not cause

hepatosplenomegaly or produce the findings

described in this patient. CMV can cause mononucleosis with

laboratory

many of the clinical manifestations described in the patient.
CMYV infection, however, would not cause heterophil antibodies
or an ampicillin-induced rash. HSV pharyngitis is becoming
more prevalent but would not cause hepatosplenomegaly or
atvpical lymphocytes. 8. pyogenes can cause mosi of the clinical
findings described. including a rash, Infection with S. pyogenes
would not cause the laboratory findings described and would not
be associated with an ampicillin-induced rash.

MM5 556

177 (C) Rabies virus. Respiratory syncytial virus (RSV] is
the most common cause of bronchiolitis in infants younger than
6 months of age and is especially prevalent in winter and spring.
RSV is a paramyxovirus, and rabies virus is a rhabdovirus.
Paramyxoviruses and rhabdoviruses are enveloped. single-
stranded, negative-sense RNA viruses. Adenoviruses are double-
stranded DNA viruses that have a naked capsid with fibers at the
vertices. Like all picornaviruses. poliovirus is a nonenveloped,
single-stranded. positive-sense RNA virus. Like all reoviruses.
rotavirus is a nonenveloped, double-stranded RNA virus that has
a double capsid. Like all togaviruses. rubella virus is an
enveloped. single-stranded. positive-sense RNA virus.

MM5 620

178 (C) Enveloped, single-stranded, positive-sense RNA
virus. The most likely etiologic agent is HCV, an enveloped. single-
stranded, positive-sense  RNA  virus. The patient probably
acquired HCV via a blood transfusion during his bypass surgery.
Unlike screening procedures at the time of the surgery. the
current screening procedures will limit HCV transmission via the
blood supply. Risky behaviors, such as promiscuity and drug
abuse, are usually associated with the acquisition of HBV infec-
tion, although HCV can also be spread by these means. HBV is
more likely to cause hepatitis rather than the more severe symp-
toms of cirrhosis. HBV is an enveloped. double-stranded DNA
virus: HDV is an enveloped. single-stranded, circular RNA virus:
a retrovirus is an enveloped. single-stranded, positive-sense RNA
virus with a reverse transcriptase; and HAV is a nonenveloped,
single-stranded, positive-sense RNA virus.

MM5 685

179 (D) Replication, Many antiviral agents are nucleoside
analogues, which are nucleosides with modifications of the base,
sugar, or both, Nucleoside analogues selectively inhibit viral
polymerases, leading to premature stoppage ol DNA synthesis.
Other steps in viral replication are not disrupied.

MM5 56, 505
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1 Which antimicrobial agent would be used to treat infec-
tions with Pneumocystis?

a (A) Amphotericin B
0 (B) Albendazole

a (C) Chloroguine

M (D) Metronidazole
d (E) Pentamidine

2  Which component is present in fungi?
a (A) Ergosterol
O (B) LipidA
O  (C) Peptidoglycan
a (D) Teichoic acid
0 () 708 ribosome

3 An 8-year-old boy is taken to his pediatrician because his
mother noticed a raised, scaly area on the back of his head. The
physician notes that the area is approximately 5 cm in diameter
with an inflamed, raised border. When he examines the boy’s
scalp with a Wood's lamp, he does not notice fluorescence. He
collects scrapings of the area. No organisms are seen on micro-
scopic examination, but a mold grows on Sabouraud dextrose
agar (SDA). Numerous microconidia but no macroconidia are
seen on microscopic examination (see figure). Which organism
is most likely responsible for this patient’s infection?

From Marler IM, Siders JA, et al: Mycology CD-ROM, Indian
Pathology Images, 2004,

a
a
)
m
)

(A) Epidermophyton
(B) Malassezia

(C) Microsporum
(D) Trichophyton
(E) Trichosporan

4 A 55-year-old man receives a renal transplant. Appi
malely 1 month later, he returns to his physician with a
ductive cough of 1-week duration and a severe headache
developed over the previous 24 h. A patchy infiltrate is




on the chest radiography. Sputum is induced and submitted for
bacterial. mycobacterial, and fungal cultures. Cerebrospinal fluid
{CSF1 is also collected for stains and culture, Analysis of the CSFF
shows the presence of cells (predominantly mononuclear cells).

increased protein, and decreased glucose levels, After 2 days of

incubation. yveasts grow in the bacterial and fungal cultures.

Subsequent tests identify the organism as Cryptococcus neofor-

mans, Which test is most sensitive [or carly detection of infections

with this organism?

a (A} Gram stain of CSF

a (B] India ink stain of CSF

a (C) Enzyme-linked immunosorbent assay (ELISA) test for
Cryptococcus antigen in CSF

0 D) ELISA test for Cryptococcus antigen in urine

0 (B} ELISA test for Cryptococcus antibody in blood

5  Which microscopic staining method should be used to
detect C. neoformans:?

{A) Calcofluor white stain
{B} Gram stain

(C) Kinyoun stain

(D) Trichrome stain

(B] Wright-Giemsa stain

0 R R

6  Approximately 10 days after bone marrow transplanta-
tion, a 36-year-old woman develops fevers with no localizing
symptoms. Therapy with meropenem and vancomycin is initi-
ated, but the [evers persist. A chest radiograph is performed and
shows new bilateral fluffy infiltrates. Bronchoscopy with a biopsy

is performed. The organism is observed in histopathology (see
figure below). After 2 days of incubation, a mold grows: branch-
ing, septated, hyvaline hyphae with [ruiting structures are
observed (see figure on the right). Which organism is responsi-
ble lor this patient’s infection?

®

From Marler LM. Siders JA. et al: Mycology CD-ROM, Indiana
Pathology Images, 2004,

{A) Aspergillus flavus

(B Aspergillus fumigaius
(CY Aspergillus nidulans
(D) Aspergillus niger

guaaaa

(B Aspergillus versicolor

7 A 36-year-old woman who has been in her usual state of
good health notices stilfness in her right knee after kneeling in
her garden. This condition worsens during the next 6 months to
the point where she finds her right knee to be persistently stiff,
painful. and slighily swollen. She visits her physician. who feels
the symptoms are consistent with a mild case of arthritis. and
he prescribes symptomatic reliel. Although this treatment ini-
tially helps. she soon finds that her knee becomes more swollen,
erythematous. and warm. At another office visit, her physician
aspirates the knee and orders a Gram stain and culture of the
fluid. When the laboratory reports these tests as negative, her
physician prescribes a course of steroids. These provided symp-
tomatic reliel. but at the conclusion of the treatment, the
swelling, ervthema. and pain return. Another 3 months have
passed, and the physician decides to admit her to the hospital.
Additional fluid is collected for stains and culture. Although the
stains are negative, a darkly pigmented mold with delicate
hvphae grows alter 5 days of incubation at room temperature.
Yeasts are also seen in the cullure incubated at 37°C. Which
organism is most likely responsible for this woman's infection?
(A} Blastomyces dermatitidis
(B) Coccidioides immitis
(C) Cryptococcus neoformans
(D) Histoplasma capsulatum
(B} Sporothrix schenckii

oooaoa

8  Which disinfectant has activity against fungi and viruses:
(A} Alcohol
(B} Chlorine
{C) Iodophor
{D) Phenolic
(B} Quaternary ammonium compound

oagoaagaq




9 A 39-year-old woman presents 1o the emergency depart-
ment with a 3-day history of eye swelling, a frontal headache,
and low-grade fevers. The woman is slowly responsive to ques-
tions on physical examination. Laboratory tests show the patient
has an elevated white blood cell (WBC) count with a predomi-
nance of neutrophils and a blood glucose level of 475 mg/dl. A
CT scan of the sinuses shows opacities in the ethmoid sinuses. A
specimen from a sinus aspiration is collected for bacterial and
fungal stains and cultures. An organism is observed in the
stained aspirate (see figure), and a mold grows in 1 day from both
the bacterial and fungal cultures. Which organism is most likely
responsible for this infection?

(A) Aspergillus
(B} Bipolaris
(C) Curvularia
(1)) Histoplasma
(B} Rhizopus

Qa0

10 Which agent is used to treat lymphocutaneous infections
with Sporothrix schenckii?
{A) Amphotericin B
(B] Caspofungin
(C) Miconazole
(D) Potassium iodide

i [ R i

(E) Selenium sulfide

11 A 5-year-old girl living in St. Louis, Missouri, stumbles and
injures her arm while playing. Radiographic studies reveal a
closed fracture of the humerus involving the diaphysis of the
hone. The arm is placed in a cast. bul the girl starts to experience
fevers, chills, and night sweats. This is altributed to a viral infec-
tion, and the girl is treated symptomatically. After 6 weeks, the
cast was removed, and the arm is noted to be swollen. erythe-
matous, and tender. Two small ulcers are also noted. She is
admilted to the hospital, and radiographic studies of the arm
demonstrate a large, destructive lesion involving the distal

humerus, When the original radiographs are reexamined. the
initial fracture is noted to be in an area of bony demineralization.
Biopsies of the skin ulcers and bone are collected and sent for
pathologic examination and microbiological studies. After 10
days of incubation, growth is noted on the bacterial and fungal
media. On cultures incubated at 37°C, colonies of cells 3 to 4 um
in diameter are observed. On cultures incubated at room tem-
perature, fillamentous growth with large (8 to 14 um in diame-
ter) and small (2 to 4 pm in diameter) cells is observed. The large
cells have a rough surface. Which organism is most likely respon-
sible for this infection?

{A) Blastomyces dermatitidis

(B) Coccidioides immitis

(C) Histoplasma capsulatum

(D) Sporothrix schenckii

(L) Staphylococcus aureus

ooooaQ

12 Which agent is used to treat disseminated infections with
Candida glabrata?

{A] Amphotericin B
(B) Caspofungin
(C) Miconazole
(D} Potassium iodide
(E) Selenium sulfide

aooaa

13 A 45-year-old woman visits her physician because she has
several sores on her arm that have developed during the preced-
ing 2 weeks. The physician notes that the sores are ulcerative
nodular lesions that followed the lymphatic system up her arm.
Her axillary lymph nodes are also enlarged. The surface ol one
of the lesions is cleaned, and a specimen is aspirated from deep
in the ulcer. The specimen is submitted for stains and cultures lor
bacteria, mycobacteria, and fungi. A few oval, fusiform yeast
cells are observed on microscopy: after 1 week of incubation at
room temperature, a small white mold grows in the lungal
culture. Microscopic examination of the mold shows delicate
structures (see figure). During the next week, the mold darkens
to a brown-black color. Which organism is responsible for this

woman's infection?

From Marler LM, Siders JA., et al: Mycology CD-ROM, Indiana
Pathology Images, 2004,




0 (A) Candida

0 (B) Blastomyces
d {C) Histoplasma
m) (D) Microsporim
0 {E] Sparothrix

14 A 28-year-old man makes an appointment with his phy-
sician because toes on both of his feet are painful, and they
are itching him. The physician notes that the areas between his
toes are inflamed and scaling with some small vesicles present.
His physician cultures the involved areas, and after 14 days, a
mold is noted in the culture. The surface of the mold is white,
but the bottom ol the colony is deep red when the culture is
examined from the bottom of the plate. Abundant single micro-
conidia and rare macroconidia are seen on microscopic exami-
nation of the mold. Which organism is responsible for this
patient’s infection?

{A) Epidermophijton floccosum
(Bl Microsporum canis

(C} Trichophyton mentagrophytes
(D) Trichophyton rubrum

(E) Trichophyton tonsurans

aoaoaaoaoa
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Which organism can colonize the skin of humanss?
iA) Bacteroides

(B Escherichia

(C) Lactobacillus

(D) Malassezia

aooaoQ o

(B} Streptococcus

16  Which agent is used to treat infections with Trichophyton
mentagrophyte?
{A] Amphotericin B
(B) Caspolungin
{C) Miconazole
(DD} Potassium iodide
(E) Selenium sulfide

o 0 |

17 After returning from a trip to Arizona. a 30-year-old man
experiences a respiratory illness with symptoms including a cough
and fever. Approximately 1 week later, he develops red. tender
nodules on his shin. His physician collects sputum specimens lor
stains and cultures. Afler 1 week of incubation, the fungal culture
incubated at room temperature grows a white filamentous mold.
Microscopic examination of the mold is conducted (see figure).
Which organism is responsible for this man's infection?
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From Marler LM. Siders JA, et al: Mycology CD-ROM. Indiana
Pathology Images, 2004.

(A Aspergillus fumigatus
(Bl Blastomyces dermatitidis
(C) Coccidioides immitis

(D) Histoplasma capsulatum

oooaaao

(B Sporothrix schenckii

18 Which component is responsible for fungi staining with
acridine orange stain?
0 (A) Chitin
a {(B) DNA
a {C) Ergosterol
a (D) Glucan
m) (E) Peptidoglycan

19 A 5l-vear-old bone marrow transplant patient became
febrile 1 week after transplantation. The skin overlying an intra-
venous catheter is inflamed. Blood cultures are collected, and
antibiotic therapy with ceftazidime and vancomycin is initiated.
The catheter is removed and also cultured. After 2 days of incu-
bation, the laboratory reports two blood cultures and the
catheter as positive with yeast. Preliminary tests arc performed
and yield the following results: germ tube. positive: urease.
negative; phenyl oxidase. negative; glucose utilization. positive.
Which organism is responsible for this patient's infection?
(Al Candida albicans
(B} Candida glabrata
(C) Candida parapsilosis
(D) Candida tropicalis

Qoaaaoaq

(E) Cryptococcus neoformans

20 A 64-year-old man is admitted to the hospital for the eval-
uation of a productive cough with blood-tinged sputum. During
the preceding 3 months. he has had low-grade fevers and night
sweals, He also complains of a persistent cough during this period
and a 15-1b weight loss. A chest radiograph is performed, and
densities are seen in the right upper lobe. A skin test for tubercu-
losis is negative. Sputum is collected for stains and culiures. The
Gram stain and bacterial culture are negative. but a mold grows




at room temperature after 2 weeks of incubation (see figurel.
Which organism is responsible for this man's infection?

-\

From Marler LM. Siders JA. el al: Mycology CD-ROM. Indiana
Pathology Images, 2004.

d (A) Blastomyees dermatitidis
a (B) Candida albicans

a (C) Coceidioides inumitis

0 (D} Cryptococcus neeformais
a (E} Histoplasma capsulatum

21 Which agent is used lo treat infections with Histoplasma
capsulatumy?

(A
(B) Caspofungin

Ampbhotericin B

{C) Miconazole
(D} Potassium iodide

aooan

(F) Selenium sulfide

22 A 32-year-old woman. previously in good health, visits
her family physician with a complaint of alow-grade fever, myal-
gias, and a nonproductive cough of 3 weeks duration. A chest
radiograph shows infiltrate in the right middle lobe, The physi-
cian suspects the woman has an infection with Mycoplasma
pneumoniae and prescribes an erythromycin. During the next 2
weeks. her symptoms persist, and she notices what she thinks is
a small pimple that develops on her forearm. She returns to her
physician who notes that her chest radiograph has worsened,
she has developed a productive cough. and the lesion on her arm
is 3 to 5 cm in diameter with an ulcer forming in the center. The
physician collects sputum and exudates from the ulcer for stains
and culture. The Gram stains and bacterial cultures arc negative.
No organisms are seen in the sputum specimen. but a wet mount
of the exudates demonstraies organisms {sec figure). After 14
days of incubation at room temperature. a mold grows in the
cultures of sputum and exudates. Which fungus is responsible
lor this woman's infection?

(A} Blastomyces dermatitidis
(B} Candida albicans

(C) Coccidioides immitis

(D} Cryptococcus neaformans

oooaoa

(E) Histoplasma capsulatum

23 A 43-year-old woman with a history of alcoholic cirrho-
sis is brought to the emergency department of a local hospital.
She is found to be febrile, disoriented, and hypotensive. Upon
physical examination. she complains of abdominal pain. She is
admitted to the hospital and is started on broad-spectrum anti-
bacterial antibiotics. During the next 3 days. her [evers continue,
and the abdominal pain intensifies. Paracentesis is performed.
and the fluid is sent to the microbiology lab for stains and cul-
{ures. Gram stain reveals abundant polymorphonuclear leuko-
cytes and poorly staining gram-posilive cells. 3 to 5um in
diameter. The organisms grows in 1 day on nonselective bacter-
ial and fungal media. The organism is identified by suspending
cells in serum and incubating the suspension for 2 h at 37°C.
Hyphal outgrowths from the cells are observed. Which organism
is responsible for this woman's infection?

d (A) Candida albicans

a (B] Candida glabrata

a (C) Cendida tropicalis

d (D} Cryptococcus neaformans
a (B} Enterococcus faecalis

24 A 24-year-old man with AIDS develops a painful. thick,
white exudate on the surface of his tongue and posterior
pharynx. Gram stain reveals a gram-positive organism 2to3
times as large as Staphylococcus aureus. Which organism is most
likely responsible for this man’s in fection?

a (A) Blastomyces dermatitidis
a (B) Candida albicans

a {C} Cryptococcus neoformans
O (D) Histoplasma capsulatim

0 (E)} Paracoccidioides brasiliensis




25 A 48-vear-old man living in the western part of Texas is
admitted to the community hespital with complaints of a pro-
ductive cough with fever, chills, weight loss. and anorexia that
have developed during the last 10 days. A chest radiograph
demonstrates a right lower lobe infiltrate, Sputum is collected for
stains and cultures. Microscopic examination of the specimen is
negative for bacteria, mycobacteria, and yeasts. but organisms
are present (see figure). A mold grows on the bacterial and fungal
media afler incubation for 5 days. Which organism is responsi-
ble for this man's infection?

Lrom Chandler FW, Watts JC: Pathologic diagnosis of fungal
infections, Chicago, 1987, ASCP Press.

(A] Blastomyces dermatitidis
(B) Candida albicans

(C) Cocridioides inumitis

(D} Cryptococcus neoformans
(E) Histoplasma capsulatum

[ R I Y

26 Which structural component is responsible for fungi stain-
ing with the periodic acid-Schiff stain (PAS)?
{A) Chitin
(B} DNA
{C) Ergosterol
(D} Glucan
(E}) Peptidoglycan

aaaaaoa

27 A 19-year-old homosexual man is admitted for evaluation
of a 2-week history of a nonproductive cough. fever, and short-
ness of breath. A chest radiograph is performed and demon-
strates bilateral pulmonary infiltrates with both interstitial
and alveolar markings. The man is HIV positive and has a
CD4+ count that is less than 200 cells/mm?®. An induced sputum
is collected, but all laboratory tests are negative. A bronchial
alveolar lavage and biopsy are then performed. Histopathology
reports indicate that 4 o 5 um organisms are observed in
the Gomori methenamine silver-stained (GMS) section of the
biopsy (see figure). Which organism is responsible for this man'’s
infection:

{A) Aspergillus fumigatus
(B} Candida albicans

(C) Cryptococeus neoformans
(D) Histoplasma capsulatum

aaaaaqa

(B} Prneumocystis (carinii) jirovec

28 Which agent is used to treat cutaneous infections with
Malassezia furfurs

0 {A) Amphotericin B

a (B} Caspofungin

a (C1 Ketonazole

a (D) Potassium iodide

a (E) Selenium sulfide

29 A 26-year-old man with AIDS develops interstitial pneu-
monitis, His CD4 T cell count is below 200/mm?, and his serum
levels of lactamase dehydrogenase are markedly elevated, A
chest radiograph shows infiltrates that have a diffuse, fluffy
appearance and that spread outward from the hilar areas, Which
test would have the greatest accuracy in diagnosing this
infection?

{A) Acid-fast slain

(B} Culture

{C} Fluorescent antibody test
(D} Gram stain

3000 00

{E) Trichrome stain

30 Which structural component is responsible for fungi stain-
ing with calcofluor white stain?

{A) Chitin

{(B) DNA

{C] Ergosterol

(D] Glucan

(E) Peptidoglycan

oooaa

31 A 56-year-old man goes to his physician with a complaint
of hypopigmented macular lesions on his chest and neck.
Although they are not painful, they are unattractive, and he feels




embarrassed when he is at the beach. His doctor takes some
scrapings of the lesions, and a microscopic examination reveals

the presence of organisms (see figure). His doctor also wants to
culture the organism. Which supplement should be added to the
culture medium to optimize recovery of this organism?

From Connor DH, et al: Pathology of infectious diseases,
gianford, 1997, Appleton & Lange.

(A) Albumin
O (B) Bovine serum
(o] (C) Cysteine
a (D) Hemin
5 | (E) Olive oil




1 (E) Pentamidine. Pneumocystis, formerly classified as a
parasite but now recognized to be a fungus. is susceptible to pen-
tamidine, Pentamidine is also used in the treatment of leishma-
niasis and African trypanosomiasis.

MM5 798-800

2 (A) Ergosterol. Fungi are cukaryotic organisms. As such.,
they do not have many of the components found in prokaryotic
organisms, such as lipid A (endotoxin), peptidoglycan (in the cell
wall of most bacteria), teichoic acid (in the cell wall of Staphylo-
coccus), or 708 ribosome (consisting ol 308 and 508 subunits).
A prominent component of the fungal cell wall is ergosterol.
MMS5 67-71, 719-723

3 (E) Trichophyton. This patient has a dermatophyte infec-
tion caused by Trichophyton tonsurans. The negative Wood's light
examination is consistent with the characteristics of this organ-
ism. Microsporum infections typically fluoresce under the Wood's
lamp. The presence of abundant microconidia but few or no
macroconidia is also consistent with T. tonsurans. Epidermophyton
infections are characterized by abundant macroconidia but not
microconidia. Malassezia grows as a veast and not as a mold. Tri-
chosporon causes infections of the hair, forming adherent nodules
on the hair shafi. Conidia are not observed in culture.

MM5 748-754

From Marler LM, Siders JA, et al: Mycology CD-ROM, Indiana
Pathology Images, 2004.

4 (C) Enzyme-linked immunosorbent assay (ELISA) test
for Cryptococcus antigen in CSF. Although C. neoformans is
gram-positive, the fungi stain weakly and may be missed by an
inexperienced microscopist. A gram stain is certainly less sensi-
tive compared to the antigen tests. Detection of the polysaccha-
ride antigen from the capsule of C. neoformans in the CSF is a
sensitive and specific method for the rapid diagnosis of infections
with this organism. This can be done by either an ELISA test or
a latex agglutination test. Virtually all patients with an infection
will have a positive antigen test. In some patients. particularly
HIV-infected patients, the titers of antigen will be extremely
high. which persists lor months to vears. The ELISA and latex

agglutination tests have replaced the India ink stain and are the
tests of choice for early diagnosis. The India ink stain (used to
highlight the encapsulated cell) is less sensitive compared to the
antigen tests. In contrast with some other pathogens, crypto-
coccal antigen is not detected in urine. Most patients with cryp-
tococcosis are immunocompromised and produce a poor
antibody response to infection.

MM5 787-789

5 (A) Calcofluor white stain. Calcofluor white is used for
the detection of fungi and parasites. This is a nonspecific fluo-
rochrome that binds to cellulose and chitin. Chitin is present in
the cell wall of fungi. C. neoformans can stain with the Gram
stain, but this resull is not specific for this organism. The
Kinyoun stain is an acid-fast stain and will not stain C. neofor-
mans. The trichrome stain is used to detect parasites, particularly
protozoa. The Wright-Giemsa stain is used to detect blood-borne
pathogens (e.g., Borrelia, Ehrlichia, Anaplasma, Rickettsia, Plas-
modium, Babesia, microfilaria).

MM5 734-738

6 (B) Aspergillus fumigatus. A. fumigatus is the most
common Aspergillus species associated with opportunistic infec-
tions in immunocompromised patients. The genus Aspergillus is
amember of the group of fungi with septated, hyaline (colorless)
hyphae. Identification of the specilic species is based on their
morphologic appearance: macroscopic and microscopic. A.

Jumigatus typically has a green pigment on the surface of the

colonies, club-shaped head with conidia (spores) radiating from

the upper two thirds of the head.
MMS5 791-793
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From Marler LM. Siders JA. et al: Mycology CD-ROM. Indiana
Pathology Images, 2004,

7 (E) Sporothrix schenckii, This patient has chronic arthri-
tis caused by Sporothrix. Her course was complicated by the
failure to identify this dimorphic fungus when she initially com-
plained of her svmptoms. Microscopy is generally insensitive for
making the diagnosis because the veast cells are generally not
abundant. If seen, they are described as looking “cigar-like.” The
mold grows relatively rapidly for a dimorphic lungus. The
colonies will initially appear waxy and then turn more filamen-
tous with extended incubation. The surface will also turn a
brown-black color with time. This is a dermatiaceous mold (pig-
mented hyphae) that has characteristics of a fruiling structure
resembling flowers that develop off the hyphae. The other fungi
listed in the answers to this question all have hyaline hyphae and
do not produce a dark mold.

MM5 755-757

8 (B) Chlorine. Most disinfectants have some activity
against fungi and enveloped viruses: however. of the agents listed
in the answers to this question. only chlorine compounds {e.g.,
elemental chlorine. hypochlorous acid, hypochlorite ion) have
uniform activity against all fungi and viruses. Alcohol and phe-
nolics have good activity against fungi but not against some
viruses. lodophors and quaternary ammonium compounds have
poor activity against some fungi; some iodophors have some
activity against viruses, and quarternary ammonium com-
pounds have activity against all viruses,

MM5 92-94

9 (E) Rhizopus. The organism in the figure is a nonseptated
mold {a zygomycetes). The only mold listed in this question that
is nonseptated is Rhizopus. Other zygomycetes that cause human
disease include Absidia. Cunninghamella, Mucor, Rhizomueor, and
Saksenaea. These molds are ubiguitous, and exposure for most
people is inconsequential. Some individuals, such as patients
with uncontrolled diabetes mellitus. are at increased risk for
infections.
sygomyceles into the sinuses and then to the orbit or brain) is a

Rhinocerebral mucormycosis  (invasion of a

particular concern in diabetic patients in acidosis. This disease is
fatal unless promptly treated.
MM5 793-795

10 (D) Potassium iodide. Sporotrichosis is most effectively
treated with potassium lodide administered orally, For patients

who cannot tolerate this treatment, itraconazole has been suc-
cessful. Amphotericin B is considered too toxic for treating lym-
phocutaneous sporotrichosis. The other agenis listed in the
answers to this question are ineffective against 8. schenckii.
MM5 755-757

11 (C) Histoplasma capsulatum. B. dermatitidis, C. imnitis.
H. capsulatum, and S. schenckii are dimorphic fungi—they grow
as filamentous molds at room temperature and as unicellular
cells when infecting humans and grow at 37°C. Each fungus
grows slowly. requiring up to 2 to 4 weeks incubation before
growth is detected. Identification of the fungi is based on their
morphological appearance at both temperatures. The veast
phase of H. capsulatimn appears as budding cells 3 to 4 um in
diameter. The mold form of H. capsulatum appears as thin mycelia
with both macroconidia and microconidia. The macroconidia
are described as tuberculate or cells with knobby projections. H.
capsulatum typically infects humans by the respiratory route,
where an asymptomatic infection most commonly occurs.
Symptomatic disease may present as a mild flu-like illness or
progress to cavitary disease. Disseminated discase can involve
multiple organs. including the central nervous system. liver.
spleen. and bones. In this case, the active disseminated disease
weakened the girl's humerus and then spread to the overlying
tissues following the break. 8. aureus is the most common bac-
terium that produces a similar disease: however, the culture
results are inconsistent with S, aureus.

MM5 772-775
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12 (A) Amphotericin B. Amphotericin B binds to ergosterol,
a sterol present in the fungal cell membrane. Although this drug
is relatively toxic, it is a mainstay in the treatment of dissemi-
nated fungal infections. The other agents listed in the answers to
this question are ineffective against C. glabrata.

MM5 719-723

13 (E) Sporothrix. This woman has an infection with the
dimorphic fungus Sperothrix schenckii, The mold lives in soil rich
in organic material. Most infections are acquired when the
fungus is introduced into the cutancous tissues by mild trauma,
usually associated with gardening. At body temperature. the
fungus replicates as a yeast and has been referred to as “cigar-
shaped.” At 25° to 30°C, the fungus grows as a dematiaceous
mold. The delicate "rosette” arrangement of the conidia on the
conidophores is characteristic of Sporothrix {suggesting the
dangers of rose gardening). Candida exists only in the yeast form
and Microsporum only as a mold. Blastomyces and Histoplasina
are both dimorphic fungi (have both a yeast and a mold phase)
and can cause skin lesions (much more common with Blasio-
myces). The yeast and mold phases, however, do not resemble
those of Sporothrix.

MM5 755-757

®

From Marler LM. Siders JA, et al: Mycology CD-ROM, Indiana
Pathology Images, 2004,

14 (D) Trichophyton rubrum. This man has a dermatophyte
infection of his feet. Each of the fungi listed in the answers to this
question are dermatophyies, so the specific diagnosis of the
“ausal agent requires examination of the macroscopic and
microscopic morphology of the isolate. Colonies of T rubrum are
white to buff-colored on the surface and red to purple on the
reverse side (observed because media used for the isolation of
dermatophytes is clear). Microscopically, all dermatophytes have
hyaline, septated hyphae. Differentiation of the different genera
and species is determined by the presence and shape of micro-
conidia and macroconidia. Trichophyton species have numerous
microconidia and rare, thin-walled, smooth macroconidia. M.
canis has microconidia and numerous, thick-walled, rough

macroconidia. E. floccosum, the third dermatophyte genus, does
not form microconidia and has numerous, thin- and thick-
walled macroconidia. The microscopic appearance of this
patient’s mold is consistent with a Trichophyton species, The
microconidia of T rubrum are typically singly arranged com-
pared with microconidia clusiers of T mentagrophytes. In addi-
tion, the bottom of T mentagrophytes colonies is typically tan in
color. Because T. mentagrophytes is a common cause of “athlete’s
foot.” differentation from T. rubrum is important. T tonsurans, a
cause of scalp infections and infections of nails, has variably
shaped microconidia and enlarged balloon forms. M. canis
causes infections of the scalp and skin, particularly in children
exposed to infected dogs or cats. . floccosum causes infections in
skin and nails.

MM5 748-754

15 (D) Malassezia. Malassezia is a lipophilic fungus that is
found in areas of the body that are rich in sebaceous glands, This
fungus is part of the normal flora of the human skin. Bacteroides
species and Escherichia species are primarily restricted 1o the
intestines: Laciobacillus species infecl acidic areas such as the
stomach. upper small intestine, and genitourinary tract; and
Streptococeus is found primarily in the upper respiratory tract.
MM5 745-746

16 (0) Miconazole. All but the most severe dermatophyte
infections are treated with a topical azole. such as miconazole.
These agents are uniformly active and, if used for a sulficient
duration. effect cure. The other agents listed in the answers to
this question are ineffective against T mentagrophyte and other
dermatophytes.

MM5 723-725

17 (CQ) Coccidioides immitis. This man has coceidioidomyco-
sis. This fungus is endemic in the southwestern states of the
United States, with infections common in Arizona. Most CXpo-
sures result in an asymptomatic infection; however, progressive
pulmonary disease and meningitis can occur, The mold form of
this dimorphic fungus grows in nature and is highly contagious.
The arthroconidia (barrel-shaped spores seen in the figure) can
be readily dispersed in winds and drift for many miles. Inhalation
of these spores can initiate infection. The form of the fu ngus that
Is seen in patients is that of an endospore-filled, thick-walled
spherule. None of the other fungi listed in the answers to this
question can produce arthroconidia.

MMS5 769-772
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From Marler LM, Siders JA, et al: Mycology CD-ROM, Indiana
Pathology ITmages. 2004,

18 (B) DNA. Acridine orange is a fluorochrome that interca-
lates nucleic acid. Bacterial and fungal DNA fluoresce as an
orange color, and mammalian DNA fluoresces as a green color
with ultraviolet (UV) excitation using a fluorescent microscope.
Acridine orange will not bind to other components, such as
chitin, ergosterol. and glucan present in the fungal cell wall and
peptidoglycan found in bacterial cell walls,

MMS5 734-738

19 (A) Candida albicans. This patient has a line infection
with C. albicans. The key identification test for this fungus is the
germ tube. C. albicans can be identified if the 2-h test is positive,
If it is negative, additional tests, such as carbohydrate utilization
tests. must be performed. C. glabrata is a common pathogen, par-
ticularly associated with urinary tract infections. C. parapsilosis
has a predilection for infections associated with hyperalimenta-
tion lines. C. tropicalis is associated with infections of immuno-
compromised patients. C. negformans (positive for both urease
and phenol oxidase) is also an important pathogen in immuno-
compromised patients.

MM5 779-787

20 (E) Histoplasma capsulatum. This man has pulmonary
histoplasmosis. Characteristically, this dimorphic fungus grows
as small, oval yeast cells in patients and as a mold when cultures
are incubated at room temperature. The characteristic structure
that allows identification of this slow-growing mold is the pres-
ence of thin, septated, hyaline hyphae with large. thick-walled
tuberculated or knobby macroconidia and small, pear-shaped
microconidia. The mold phases of B. dermatitidis and C. immitis
do not resemble the phase of H. capsulatum, and C. albicans and
C. neoformans only are observed as yeasts.

MMS5 772-775
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From Marler LM, Siders JA, et al: Mycology CD-ROM, Indiana
Pathology Images, 2004

21 (A) Amphotericin B. Amphotericin B binds to ergosterol,
a sterol present in the fungal cell membrane. Although this drug
is relatively toxic. it is a mainstay in the treatment of dissemi-
nated [ungal infections. The other agents listed in the answers to
this question are ineffective against H. capsulatum.

MM5 719-723

22 (A) Blastomyces dermatitidis. This patient has pul-
monary blastomycosis with dissemination to the skin. This is a
dimorphic fungus. The mold phase (at 257 to 30°C) grows slowly,
first forming yeast-like colonies and then turning “cottony” with
a white surface and tan bottom. Small. pear-shaped conidia grow
on the septated hyphae (resembling lollipops). The yeast cells
seen in the patient’s specimens are large (8 to 15 pm in diame-
ter) with a thick wall and are connected at a broad base. Yeast
forms of C. albicans, C. neoformans, and H. capsulatum are smaller
and more delicate. C. immitis does not form yeast cells; rather,
spherules are seen in patient specimens.

MMS5 765-769
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23 (A) Candida albicans. This woman has fungal peritonitis.
The diagnostic test described in this question is the germ tube
test. C. albicans has the unique ability to form germ tubes (hyphal
extensions from the yeast cells) when incubated in serum for
2 h. I the incubation period is extended. other veast can also
form germ tubes. Care must be taken to differentiate germ tubes
[rom pseudohyphae. which are found in many yeasts. Although
L. faecalis can produce peritonitis, the lack of response to broad-
spectrum antibiotics would tend to exclude this organism from
the diagnosis. In addition, enterococci and most bacteria are
significantly smaller than yeast cells, and enterococei do not
form hyphal extensions.

MM5 779-787

24 (B) Candida albicans. This man has oral thrush. This
infection is most commonly caused by C. albicans. although other
Candida species (e.g., C. tropicalis, C. glabrata, C. krusei) can also
cause these symptoms. Mucosal Candida infections are typically
assoclated with impaired cellular immunity, with the incidence
of disease greatest when the D4+ cell counts fall below
200/mm’. The other fungi listed in the answers 1o this question
do not produce mucosal infections as described here.

MM5 779-787

25 (Q) Coccidioides immitis, The structure in the figure is a
spherule, characteristic of Coccidioides. Spherules are produced
by C. immitis when il grows in a human. When the organism is
cultured in the laboratory. it grows as a filamentous mold. The
characteristic structure of the mold is barrel-shaped arthro-
conidia. These can be easily dispensed in the air and are highly
infectious. None ol the other fungi listed in the answers to this
question can form spherules.

MM5 769-772

From Chandler FW, Watls JC: Pathologic diagnosis of fungal
infections. Chicago. 1987, ASCP Press,

26 (D) Glucan. The periodic acid-Schilf stain (PAS) stains cell
wall carbohydrates in fungi (e.g.. glucan), It is a time-consuming
stain and primarily used in anatomic pathology labs. The stain
is used most commonly to detect Cryptococeus neoformans in
tissue specimens. The capsule surrounding  Cryptococcus will
stain intensely pink with the PAS stain, PAS does not bind to
chitin, DNA, ergosterol. or peptidoglycan,

MM5 734-738

27 (E) Pneumocystis (carinii) jiroveci. This patient has Preu--
mocystis pneumonia. P jiroveci, like all veasts, will stain with
silver stains, This fungus must be distinguished from C. albicans
and the yeast forms of other lungi. C. albicans rarely causes pul-
monary infections, so this organisni is less likely than P jiroveci
to be responsible for the patient's infection. A. fumigatus does not
form yeast-like cells. C. neoformans causes pulmonary infections,
particularly in immunocompromised patients: however, the cells
are slightly larger (4 to 8 um) and are typically surrounded by a
‘apsule. The yeast form of Histoplasma is smaller (2 1o 3 wm by
4 to 5 um) and is typically intracellular.

MM5 798-800

28 (E) Selenium sulfide. Malassezia Jurfur infections (tinea
versicolor) are treated with the topical application of selenium
sulfide, an over-the-counter solution that can be purchased at
any drug store. Amphotericin B can be used for systemic infec-
tions, but the other organisms listed in the answers to this ques-
lion are ineffective,

MMS5 745-746

29 (C) Fluorescent antibody test. This paticnt most likely
has an infection with Pnewmocystis (carinii) jiroveei. This fungus
{formerly thought to be a protozoa) is a significant cause of pul-
monary disease in patients with AIDS. The chest radiograph is
typical of this infection. A number of different methods have
been used to detect this organism, including use of calcofluor
white, Giemsa, and silver stains. The calcofluor white stain will
stain all fungi, and these may be difficult to distinguish from p




Llemsa stain is a reliable procedure, but P jiroveci
“cult to detect for inexperienced microscopists. Silver
ain all fungi, which may also cause a problem. Fluo-
sody tests have been developed that specifically stain
s species, and these are the microscopic tests of
polymerase chain reaction (PCR) tests are also
“n some laboratories and are the most sensitive and spe-
The organism does not stain with the acid-fast stain or
stain and stains weakly with the Gram stain. The
cannot be cultured.

&) Chitin. Calcofluor white is a nonspecific fluorochrome
%5 to B1.3- and B1.4-polysaccharides, specifically, cellu-
ol chitin in the cell walls of fungi. Fungal elements appear
white against a dark background when chitin is used to
fungal preparation and when the preparation is examined
a fluorescent microscope.

738

(E) Olive oil. This man's infection is pityriasis (tinea) ver-
Wor caused by Malessezia furfur: The organism can also cause
' -related systemic infection in infants and adults receiv-
intravenous lipids. The organism can grow rapidly in culture
source of lipids is provided. This is most conveniently done
wdding a lew drops ol olive oil to the surface of a blood agar

plate. None of the other supplements listed in the answers to this
question, although commonly used as media supplements,
would affect the growth of this organism. Morphologically, the
organism grows as yeast-like cells (1.5 to 4.5 pum by 2.0 to 6.5
um in size). A small collar is seen encircling the upper third of
the cell.

MMS5 745-746
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From Connor DH, et al: Pathology of infectious diseases,
Stanford, 1997, Appleton & Lange.
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& Which antimicrobial would be used fo treat infections
wh Naegleria?

(A) Amphotericin B

(B) Albendazole

(C) Chloroquine

(D) Metronidazole

(E) Pentamidine

i e o o

2  Which route of infection is common for Strongyloides
stercoralis?

(A) Direct inoculation

(B) Direct skin penetration

(C) Fecal-oral

(D) Inhalation

(E) Mosquito bite

|l [l |1

3  Which microscopic staining method should be used to
detect Babesia?

(A) Calcofluor white
(B) Giemsa

(C) Gram

(D) Kinyoun

(E) Trichrome

m 1] En (e e [ |

4  Approximately 3 days after attending a wedding reception
in St. Louis, Missouri, 32 guests become ill with symptoms that
include diarrhea, anorexia, abdominal cramping, and a low-
grade [ever. Cultures for bacteria and viral pathogens are nega-
tive. Coccoid forms, 8 to 10 pm in diameter that stain acid-fast
are seen on ova and parasite (O&P) examination (see
figure). Which organism is most likely responsible for these
infections?

Courlesy of Williams, J; from Peters W, Giles HM: Color atlas of
tropical medicine and parasitology, ed 4, London, 1995,
Mosby-Wolfe.

d
a
a
a
a

(A) Candida

(B) Cryptosporidium
(C) Cyclospora

(D) Isospora

(E) Microsporidia

5  Which vector is associated with disease caused by
Onchocerca volvulus?
(A) Chrysops fly
(B) Reduviid bug
(C) Sandfly
(D) Simulium black fly
(E) Tsetse fly

oooag
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6 A 23-year old man returns from a camping trip in Mexico.
He presents to the emergency department suffering from abdom-
inal pain, nausea, fever, and bloody diarrhea. Stool specimens
are collected and submitted to the laboratory for bacterial cul-
tures and (O&P) examination. Bacterial cultures are negative
for enteric pathogens, but the {O&P) examination reveals an
organism (see figure). Which host is a primary reservoir for this
parasites

. ®

From Marler LM. Siders JA, et al: Parasitology CD-ROM, [ndiana
Patholgy Images, 2003.

{A) Cockroach
(B} Dog

(C) Fly

(D} Human

oQoaaaqQ

(£} Mosquito

~J

Which discase is transmitted by fleas?
{A) African trypanosomiasis

(B} Plague

(C) Epidemic relapsing fever

(D) Rickettsial pox

(E}) Tularemia

aaaoaoa

8 Which route of infection is most common for Ascaris

lumbricoidess

a (A} Direct inoculation

a (B) Direct skin penetration
a (C) Fecal-oral route

a (1)) Inhalation

a (£} Mosquito bite

9  Which discase is transmitted by ticks?

(A} Alrican trypanosomiasis
B Babesiosis

1C) Epidemic relapsing fever
1) Rickettsial pox

1E1 Toxoplasmosis

guoaoaQ

10 A 36-year-old man returns from a fishing trip in Colos
He presents to the emergency department of a local hospital :
complaints of 4 days of watery diarrhea. crampy epigastric
and foul-smelling flatulence. A stool specimen submitted
(O&P) examinaltion is positive for a parasite (see figure). W
host is the most common reservoir?

2 Ty e
From Marler LM. Siders JA, et al: Parasitology CD-ROM, Indiana
Patholgy Images, 2003,

{A) Beaver
Bl Dog

(C1 Rabbit
D Snake
(E} Trout

[ R o

-

Which disease is transmitled by ticks?
{A) African trypanosomiasis

(B] Plaguc

(C] Epidemic relapsing fever

D) Rickettsial pox

(E} Tularemia

Ooogoaao i
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2 Which parasitic disease is distributed worldwide?

{A) Babesia microti

(B) Cryptosporidium parvum
(C) Plasmodium falciparum

(D) Strongyloides stercoralis
(E} Trypanosoma cruzi

gooaoaan

13 A previously healthy 45-year-old man sces his physician
with a history of 10 days ol diarrhea alternating with con-
stipation, abdominal discomfort, vomiting. anorexia, intense
fatigue. and myalgia. He tells the physician that his wile and
four other friends are suffering from similar symptoms. Approx-
imately 5 days belore his symptoms began. he and his wile and
friends had eaten at a local restaurant. An organism is observed
when an acid-fast stain of the patient’s stoal specimen is per-
formed. The organism is approximately 10 pum in diameter. What
is this organism?




(A) Cryptosporidium parvum
(B) Cyclospora cayetanensis
(C) Entamoeba histolytica
(D) Mycobacterium avium

30eEaE

(E) Rhodococcus equi

14 Which route of infection is most common for

Acanthamoeba?

(A) Direct inoculation

(B) Direct skin penetration
(C) Fecal-oral

(D) Inhalation

(E) Mosquito bite

oaoaaoa

15 Which antimicrobial drug would be used to treat infec-
tions with Trichinellaz
(A) Amphotericin B
(B) Albendazole
(C) Chloroquine
(D) Metronidazole
(E) Pentamidine

BD:DE.E-E

16 A 36-ycar-old Peace Corps worker in West Alrica returns
to the United States for an extended family visit. While at home,
he complains of not feeling well. During the course of 1 week,
he develops symptoms of severe myalgia, abdominal discomfort.
vomiting, diarrhea, fever, chills, and sweats. Because his symp-
toms are not improving, he goes to the local university hospital.
Upon physical examination, the physician notes enlarged cervi-
cal lymph nodes. Blood is drawn for culture, and thick and thin
smears are prepared and stained by the Giemsa method. The
lymph node is also aspirated and Gram stained and cultured for
bacteria; a Giemsa stain is prepared. The bacterial stains and cul-
tures of blood and lymph nodes are negative. Slender protozoa
with long, free flagella, however, are observed in the blood and
lymph nodes. Which organism is most likely responsible for this
patient’s infection?

(A) Leishmania donovani
(B) Plasmodium falciparum
(C) Toxoplasma gondii

(D) Trypanosoma cruzi

aaaaao

(E) Trypanosoma brucei

17 The public health department notifies owners of an
aquatic park that eight children have developed diarrheal disease
in the week following their visit to the park. The children have
profuse, watery diarrhea; abdominal cramping: and low-grade
fevers. Parasitology examination of their stool specimens is pos-
itive with acid-fast cocci that are 4 to 6 um in diameter. The
public health department closes the park and collects specimens
from the food service and water pools. Which source is the most
likely cause of these infections?

(A) Basil in salad

(B) Chicken

(C) Contaminated water
(D) Seafood appetizer
(E) Cake

aaoaaa

18 A 32-year-old woman infected with human immunodefi
ciency virus (HIV) presents to her primary care physician with
1-month history of chronic, nonbloody, watery diarrhea and ¢
15-Ib weight loss. Her CD4 lymphocyte count is less thar
50/mm’. A stool examination for bacterial pathogens anc
routine (O&P) examination are negative. A jejunal biopsy is ther
performed. which reveals parasites that are 1 to 2 um (see figure
Which parasite is most likely responsible for this infection?

&

From Marler LM, Siders JA. et al: Parasitology CD-ROM, Indiana
Patholgy Images, 2003.

O  (A) Cryptosporidium

O (B) Cyclospora

a (C) Giardia

O (D) Isospora

O  (E) Microsporidium

19 Which disease is transmitted by lice?

(A) Alfrican tryvpanosomiasis
(B) Plague

(C) Epidemic relapsing fever
(D) Rickettsial pox

(E) Tularemia

000048

20 A 25-year-old man infected with HIV presents to his physi
cian with a 10-week history of profuse, nonbloody, watery diar
rhea and an 18-Ib weight loss. A stool examination for ova anc
parasites demonstrates an organism (see figure). The parasit
measures 25 um long and 15 pm in width with tapering ends
The parasites are also observed when the stool specimen i
stained with an acid-fast stain. Which organism is most likel;
responsible for this patient's disease?

15
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From Marler LM, Siders JA, et al: Parasitology CD-ROM, Indiana
Patholgy Images, 2003.

(A) Cryptosporidium
(B) Cyelospora
(C) Entamoeba
(D) Giardia
(E) Isospora

Booaoa

21 Discase caused by which parasite is associated with con-
sumption ol contaminated fish?

(A) Diphyllobothrium latum

(B) Echinococcus multilocularis

(C) Fasciola hepatica

(D) Hymenolepsis diminuta

(B) Paragonimus westermani

aaoaaan

22 Which disease is transmitted by flies?

(A) African trypanosomiasis
(B) Plague

(C) Epidemic relapsing fever
(D) Rickettsial pox

(E) Tularemia

0 510 {1 (I

23 A 24-year-old marine returns to the Uniled Stales afler
spending 15 months in Irag. When he returns to his base, he
notices a small raised erythematous area next to his eye. During
the next 5 weeks, the area enlarges to the size of a quarter and
develops into an ulcer with a serous exudate. The lesion is itchy
but not painful, Upon examination, enlarged axillary and cervi-
cal lymph nodes are also noted. One of the enlarged nodes is aspi-
rated, and an organism is observed on a stained impression
smeadr (see figure). Which organism is most likely responsible for
this patient’s infection?

From Cohen ], Powderly WG: Infectious diseases, ed 2, St Louis,
2004, Mosby.

(A) Babesia microti

(B} Leishmania braziliensis
(C) Plasmodium vivax

(D) Toxoplasma gondii

(E) Trypanosoma cruczi

|

24  Which route of infection is most common for Enterobius
vermicularis?

(A) Direct inoculation

(B) Direct skin penetration

(C) Fecal-oral

(D) Inhalation

(E) Mosquito bite

aaoaaad

25 A 56-year-old woman returns from a 2-week vacation in
Kenya. While in Africa, she traveled extensively throughout both
urban and rural areas. During her trip, she ate local foods pre-
pared in restaurants and by street vendors. She drank local water
when she did not have bottled water. Upon her return to the
United States, she develops diarrhea and a low-grade fever. She
takes ciprofloxacin for her illness (self-prescribed) and, within 3
days, begins to feel better. Her fever, however, persists, and she
develops night sweats. Because of these symptoms, she goes to
her physician. He orders blood cultures and a thick and thin
smear of her blood. The tests reveal organisms in her blood
(see figure). Which organism is most likely responsible for her
infection?
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From Marler LM, Siders JA, et al: Farasitology CD-ROM, Indiana
Patholgy Images, 2003,

(A) Babesia microti

(B) Plasmodium falciparum
(C) Plasmodium malariae
(D) Plasmodium vivax

(E) Trypanosoma cruzi

Qoo

26 Toxoplasma gondii is able to avoid the host immune
response by which mechanism?

a (A) Acquisition of host antigens

a (B) Encystment in muscle

a (C) Formation of thick extracellular cuticle
1) (D) Inhibition of phagosome/lysosome fusion
a (E) Intracellular replication

27 Which organism can be stained with a modified acid-fast
stain?
(A) Actinomyces
(B) Corynebacterium
(C) Cryptosporidium
(D) Giardia
(E) Streptomyces

oadaaaq

28 A 22-year-old man presents to the emergency department
with complaints of eye pain and blurred vision during the pre-
ceding day. He does not remember an eve injury but has been
wedaring contact lenses for an extended period when the eye pain
started. The patient also admits o cleaning his contacts with
nonsterile water. Examination of the eye reveals ulceration of
the cornea. Cultures for bacteria, including Neisseria gonorrhoeae
and Chlamydia trachomatis, are negative. However, Giemsa stain
of the eye scrapings reveal an organism (see figure). Which
organism is most likely responsible for this infection?

From Cohen ], Powderly WG: Infectious diseases, ed 2, St Louis,
2004, Moshy,

(A) Acanthamoeba
(B) Dientamoeba
(C) Entamoeba
(D) Isospora

(E) Microsporidia

Q0ooq

29 A 24-year-old woman presents to the emergency depart-
ment with profuse, nonbloody, watery diarrhea. The diarrhea
developed over the preceding 5 days. She has a history of HIV
infection, has not taken her antiviral drugs. and has a low CD4
lymphocyte count (less than 50/ mm’*) when she arrives at the
hospital. Stool samples are collected for bacterial and parasitic
examinations. The bacterial cultures are negative for common
pathogens, and the Clostridium difficile assay is negative. The par-
asitic examine is positive for organisms (see figure). The organ-
isms are small (between 1 (o 2 Hm in diameter) and observed
with a special stain. Which organism are most likely responsible
for this patient’s chronic diarrhea?

From Cohen [, Powderly WG: Infectious diseases, ed 2, St Louis.
2004, Mosby.
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(A) Cryptosporidium
(B} Cyclospora

(C) Entamoeba

(D) Giardia

(E) Microsporidia

aaoaaaga

30 Which antimicrobial drug would be used to treat infec-
tions with Trichomonas vaginalis?

(A) Amphotericin B

(B) Albendazole

(C) Chloroguine

(D) Metronidazole

(E) Pentamidine

) ) E EE]

31 Afamily with 25 members meets for an annual picnic. In
the week following the picnic, 15 children and adults develop a
diarrheal disease with 5 to 10 bowel movements a day, anorexia,
abdominal cramping, and a low-grade lever. Stool specimens are
submitted for culture and (O&P) examination. The parasitology
tests are reported to be positive for acid-fast cocci, 8 to 10 pm in
diameter. Which source most likely led to these infections?

(A) Basil in salad

(B) Chicken

(C) Contaminated water
(D) Seatood appetizer
(E) Cake

oaooan

32 A mother notices that her 4-year-old boy is persistently
scratching his anus. The boy is taken to his pediatrician for an
evaluation. A parasitic examination reveals the presence of eggs
(see figure). Which organism is responsible for this patient's
symploms?

(A) Ascaris
(B) Enterobius
(C) Necator
(D) Toxocara
(E) Trichuris

0 m i T )

33 Which vector is associated with disease caused by Loa loa?
(A) Chrysops fly

(B) Reduviid bug

(C) Sandfly

(D) Simulium black fly

(E) Tsetse fly

[ R

34 A 56-year-old businessman returns from China aflter a 1-
year stay; he develops diarrhea and abdominal pain in the right
upper quadrant, Examination in the hospital reveals a palpable
liver, and laboratory tests document an elevation in liver
enzymes. When questioned about his diet, he states he enjoyed
eating many of the local delicacies, including raw fish and
uncooked watercress. Eggs are observed when the stool is exam-
ined for parasites (see figure). Which organism is responsible for
this patient’s illness?

i

(A) Ancyclostoma duodenale
(B) Fasciola hepatica

(C) Opisthorchis sinensis
(D) Paragonimus westermani

goaoEg

(L) Schistosoma mansoni

35 Disease caused by which parasite is associated with con-
sumption ol contaminated meat?

(A) Diphyllobothrium latum

(B) Echniococcus multilocularis

(C) Fasciola hepatica

(D) Giardia lamblia

(E) Taenia saginata

gaoaoaga

36 A previously healthy 18-year-old boy is brought to the
emergency department sulfering from a 40.2°C fever, a severe
headache, and vomiting. Because the weather is warm. he has
spent the last several weeks swimming in a local pond. The physi-
cian notes the patient has a stiff neck and performs a lumbar
puncture, The laboratory reports a cell count of 20,000/mm’*
with a predominance of neutrophils. The glucose level is low, and
the protein level is markedly elevated. No bacteria are observed




on Gram stain, and the culture is negative. Which test of the
cerebrospinal fluid (CSF) should be considered?

(A) Acid-fast stain

(B) Bacterial antigen test

(C) Cryptococcal antigen test

(D) Enzyme-linked immunosorbent assay (ELISA) test for
Borrelia

0 (E) Trichrome stain

Raad

37 A 23-year-old Peace Corps worker living in Alfrica lor the
previous year develops symptoms of nausea, vomiting, and diar-
rhea while visiting family in New York. Stool specimens are col-
lected for bacterial culture and O&P examination. The bacterial
cultures are negative, but the O&P examination is positive for an
organism (sce ligure). What is the most likely source of this
woman's infection?

(A) Consumption of uncooked pork

(B) Consumption of contaminated raw vegetables
(C) Direct skin penetration by infectious larvae

(D) Oral exposure to the leces of an infected dog

(E) Oral exposure to the feces of an infected human

a
d
m)
a
a

38 Trichinella spiralis is able to avoid the host's immune
response by which mechanism?

a
d
a
a
o

(A) Acquisition ol host antigens

(B) Encystment in muscle

(C) Formation of thick extracellular cuticle
(D) Inhibition of phagosome/lysosome fusion
(E) Intracellular replication

39 A 20-year-old woman returns from a 1-month vacation
in Puerto Rico suffering from crampy abdominal pain and diar-
rhea. She spent most of her vacation in rural areas and took no
precautions with the food or water she consumed. Her physician
is concerned about a parasitic infection, so stool specimens are
collected for O&P examination; an organism is found in her stool
specimens (see figure). Which organism is responsible for her
infection?

From Cohen ], Powderly WG: Infectious diseases, ed 2, St Louis,
2004, Mosby.

a
a
a
a
o

(A) Ascaris lumbricoides
(B) Enterobius vermicularis
(C) Necator americaniis
(D) Strongyloides stercoralis
(E) Trichuris trichiura

40 Which microscopic staining method should be used to
detect Entamoeba histolytica?

(A) Calcofluor white stain
(B) Gram stain

(C) Kinyoun stain

(D) Trichrome stain

(E) Wright-Giemsa stain

aaoaaa

41 Which route of infection is common for Entamoeba
histolytica?

(A) Direct inoculation

(B} Direct skin penetration

{C) Fecal-oral

(D) Inhalation

(E) Mosquito bite

oo ow

42 A 36-year-old woman presents to her primary care physi-
cian with complaints of pain on urination and hematuria. Her
relevant medical history is that 3 months before her symptoms
developed, she lived in Egypt for 5 years, Urinalysis is performed.
and normal levels of glucose and protein are found. Bacteria are
not observed on microscopy, but eggs arc present (see figurel.
Which organism is most likely responsible for this woman’s
infection?
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From Marler LM, Siders JA, et al: Parasitology CD-ROM, Indiana
Patholgy Images, 2003.

(A) Fasciolopsis buski

(B) Paragonimus westermani
(C) Schistosoma haematobitnt
(1) Schistosoma japonicum
(E) Schistosoma mansoni

ogoooaaQ

43 An HIV-infected patient develops profuse. watery diar-
rhea. His physician collects stool specimens for bacterial, fungal,
mycobacterial, and parasitology examination. Later that day, the
clinical laboratory telephones the physician and informs her that
acid-fast cocci, 4 lo 6 um in diameter, are observed on parasitol-
ogy examination. Which organism most likely responsible for
these infections?

(A) Candida
(B) Cryptosporidium
(C) Cyclospora
(D) Isospora
(E) Microsporidia

aoaaaQ

44  Schistosoma mansoni is able to avoid the host immune
response by which mechanism?

(A} Acquisition of host antigens

(B) Encystment in muscle

(C) Formation of thick extracellular cuticle
(D} Inhibition of phagosome/lysosome fusion

agogooa

(E) Intracellular replication

45 A 61-year-old-man presenis to his physician with diar-
rhea, abdominal pain. and a nonproductive cough. The diagno-
sis of multiple myeloma was made 2 years prior to this visit, and
1 month before his current illness began, he underwent a bone
marrow transplant. An induced sputum and blood are collected
for bacterial culture, and stool specimens are collected for bacte-
rial culture and O&P examination. The sputum and stool cultures
are negative, bul the blood culture is positive for Escherichia coli.
The O&P examination is also positive for an organism (see figure).
Which parasite is most likely responsible for this patient’s illness?

(A

Ancyclostoma
(B} Ascaris

(C} Necator

(D) Strongyloides
(B} Trichinella

gaaaa

46 A 56-year-old man with acquired immune deficiency
virus (AIDS) is brought to the local hospital by his companion.
The patient has been suffering from a headache, fever. and
fatigue for several weeks and appears to be disoriented. The
patient’s CD4 T lymphocyte count is 2 3/mm®. The physician who
examines the patient considers toxoplasmosis in his differential.
Which test would be most useful in confirming this diagnosis?
(A) Detection of Toxoplasma-specific antibodies in blood
(B) Detection of Toxoplasma-specific antibodies in CSF
(C) Culture CSF in tissue culture cells
(D) Immunoperoxidase staining of brain biopsy

Qgoaooaa

(B} Toxoplasma-specilic polymerase chain reaction (PCR}
using CSF

47  Which route of infection is most common for Opistharchis
{Clonorchis) sinensis?

{A) Direct inoculation

(B} Direct skin penetration

(C) Fecal-oral

(D} Ingestion

(K} Mosquito bite

I R

48 A 7-year-old girl living in El Paso, Texas, develops bloody
diarrhea, abdominal pain, and nausea. Bacterial culture of a
stool specimen is negative, but O&P examination is pasilive for
an organism (see figure). Which organism is responsible for her
infection?




(A) Ascaris lumbricoides
(B) Enterobius vermicularis
(C) Necator americanus

(D) Toxocara canis

(B) Trichuris trichuria

a
a
a
a
a

49  Which vector is associated with disease caused by Babesi
microtiz

(A) Mosquito
(B) Reduviid bug
(C) Sandlly

(D) Tick

(E) Tsetse fly

oooggan
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1 (A) Amphotericin B. Amphotericin B is thought of as an
antifungal agent; however, it also has activily against the free-
living protozoa. Naegleria fowleri, N, fowleri is exquisitely suscep-
tible to amphotericin B. Unfortunately, the other free-living
protozoa associated with amebic encephalitis. Acanthamoeha, is
resistant to this antimicrobial. The other agents listed in the
answers lo this question are ineffective against Naegleria.

MM5 869-870

2 (B) Direct skin penetration, The filariform larva of S. sier-
coralis is infectious and can infect humans by directly penetrat-
ing the skin. Autoinfections can also occur in patients with
severe disease. In this case. the noninflectious rhabditiform larva
is able to develop into the infectious filariform larva and pene-

trate the intestine or perianal skin and initiate a new cyele of

infection. Sexual transmission can also occur.
MM5 885-887

3 (E) Giemsa. Giemsa stain is used to detect blood-borne
pathogens (e.g.. Borrelia, Ehrlichia, Anaplasma. Rickettsia, Plas-
modium. Babesia. microfilaria). Calcofluor while is a nonspecific
fluorochrome that binds to cellulose and chitin. Chitin is present
in the cell wall of fungi, Gram stain is used primarily to siain bac-
teria and will not stain Babesia. Kinyoun stain is an acid-fast
stain and will not stain Babesia. Trichrome stain is used to detect
intestinal and urogenital protozoa.

MM5 866-867

4 (Q) Cyclospora. Of the organisms listed in the answers to
this question. all are acid-fast except Candida. The easicsl way to
differentiate the acid-fast parasites is by their size: microsporidia
are 1 to 2um in diameter: Cryptosporidium is 4 to 6 pn
Cyelospora is 8 to 10 um; and Isospora is 10 to 19 wm wide and
2010 30 um long.

MMS5 856-858

Courtesy of Williams, J: from Peters W, Giles HM: Color atlas of
tropical medicine and parasitology. ed 4. London, 1995,
Mosbv-Wolfe.

5 (D) Simulium black fly. The Simulium black fly is the
vector of O. velvulus infections {onchocerciasis). The black fly
becomes infected when it bites the skin of a person with
onchocerciasis. The fly ingests the microfilaria in the skin of the
infected individual. and then the microfilaria {or embryo) pene-
trates through the stomach wall of this fly and localizes in the
thoracic muscles, where it mature to a first stage larva, The larva
then migrates to the head and proboscis and matures to the
sccond- and then third-stage larval forms. During this third
stage. the larva is infectious and, when transmitted to a new
human host during a bite, establishes disease in humans.
Onchocerca larvae mature to adults in the subcutancous tissues
ol humans and produce microfilariae that migrate in the skin.
MM5 891-893, 929-930

6 (D) Human. The parasite observed in the figure is the
trophozoite form of Entamoeba histolytica, the etiologic agent of
amebiasis. Characteristically, the trophozoites are motile and
vary in average size from 15 to 30 um. The single nucleus is
round with @ central karyosome and an even distribution of
chromatin granules around the nuclear membrane. Ingested
erythrocytes may be in the cytoplasm. The cysts are smaller (15
to 20 um) and contain one to four nuclei (usually four). Round
chromatoidal bars may be in the cytoplasm. Patients infected
with [, histolytica pass noninfectious trophozoites and the infec-
tious cysts in their stools. The trophozoites cannot survive in the
external covironment or when transported through the
stomach. Therefore the main source of water and food contam-
ination is the asymptomatic carrier who passes cysts. Cock-
roaches and flies can serve as vectors of this parasite by
transferring the cysts from human feces to food or water, Dogs
do not serve as reservoirs, and mosguitoes have not been impli-
cated as vectors.

MM5 847-849
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From Marler LM, Siders JA. et al: Parasitology CD-ROM. Indiana
Patholgy Images, 2003.
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7 (B} Plague. Yersinia pestis is the etiologic agent of the
plague. This is a zoonotic infection, with rats as the natural reser-
voir in urban plague. and squirrels. rabbits, licld rats, and domes-
tic cats as the reservoirs in sylvan plague, Urban plague is
maintained in rat populations and is spread among rats or
between rats and among humans by infected fleas. The fleas
become infected during a blood meal from a bacteremic rat. After
the bacteria replicate in the tlea gut, the organisms are trans-
ferred to another rodent or to humans during feeding. Sylvan
plague is maintained in mammalian reservoirs and is spread
among animals and occasional humans also by infected leas.
MM5 932-933

8 (C) Fecal-oral route. A. fimbricoides is commonly known
as a roundworm because the adult can resemble an albino earth-
worm. A. lumbricoides is prevalent where sanitation is poor and
food and water can become contaminated with human feces.
Disease is primarily acquired by ingestion of fecally contami-
nated products. The parasite is not transmitted by direct inocu-
lation, direct skin penetration. inhalation, or insect bites.

MM5 881-882

9 (B) Babesiosis. Babesia microti is the most common
species responsible for babesiosis in the United States. This is a
zoonotic disease with a variety of animals serving as reservoir
hosts, including deer, cattle. and rodents. and humans serving
as accidental hosts, Human infection follows contact with an
infected tick. The infectious pyriform bodies are introduced into
the blood and infect erythrocytes. The intraervthrocytic tropho-
zoites multiply by binary fission, forming tetrads, and then lyse
the ervthrocytes, releasing the merozoites. The merozoites can
reinfect other cells to maintain the infection. Inlected cells can
also be ingested by feeding ticks. in which additional replication
can take place, Infection in the tick population can also be main-
tained by transovarian transmission.

MMS5 866-867

10 (A) Beaver. The organism in the figure is Giardia lamblia.
Giardia trophozoites are 9 to 12 um long and 5 to 15 pm wide.
Flagella are present, as are two nuclei with large central
karvosomes, a large ventral sucking disk for attachment to the
intestinal villi, and two oblong parabasal bodies below the nuclei.
Cysts are smaller at 8 to 12 um long and 7 to 10 um wide. Four
nuclei and four parabasal bodies are present. Giardia has a world-
wide distribution with streams and lakes contaminated in moun-
lainous areas. The sylvan distribution is maintained in reservoir
animals such as beavers and muskrats. In this setting. giardiasis
is acquired through the consumption of inadeguately treated
contaminated water. The other animals listed in the answers to
this question {i.e., dog. rabbil. snake. trout} have not been impli-
cated in disease caused by this parasite,

MM5 850-852

From Marler LM, Siders JA, et al: Parasitology CD-ROM, Indiana
Patholgy Images. 200 3.

11 (E) Tularemia. Francisella tularensis is the eliologic agent
of tularemia. The organism is found in many wild mammals,
domestic animals. birds. fish. and blood-sucking arthropods. The
most common reservoirs of I tularensis in the United States are
rabbits. muskrats. and ticks. Infections can be maintained in
the tick population with transovarian transmission. Human
tularemia is acquired most often from the bite of an infected tick
or contact with an infected animal.

MM5 926-927

12 (B) Cryptosporidium parvum. C. parvum has worldwide
distribution, producing infection in a wide variety ol animals,
including mammals, reptiles, and lish. Specific Cryptosporidium
species are assoclated with specific animal hosts, with C. parvum
and C. hominis most commonly responsible for human disease.
More than 70 species of Babesia are found in Africa. Asia.
Europe, and North America. with B. microti responsible for
disease along the northeastern seaboard of the United States. P
faleiparum occurs almost exclusively in tropical and subtropical
regions. 8. siercoralis is present in the northern United States and
Canada. T ¢ruzi disease in humans occurs most commonly in
South and Central America.

MM5 855-856

13 (B) Cyclospora cayetanensis. Cyclospora is a coccidian
parasite that can infect the small intestine and cause a chronic
diarrheal discase. This organism. like C. parvum, M. avium, and
R. equi, is acid-fast. It is distinguished from C. parvum by its size;
Coparviom is 5 to 7 um in diameter, and C. cayetanensis is 8 to
10 um in diameter. M. avitm is a small rod-shaped bacterium,
210 3 pum long, R, equi will initially appear rod-like, but within
24 h of growth. it will form 2 to 5 wm coccoid cells. . histolyt-
fca 1s not acid-last and is much larger that the other organisms
lisied in the answers to this question.

MMS5 856-858
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14 (A) Direct inoculation. Acanthamoeba are free-living
amoebae that are primarily associated with inlections of the eves
{keratitis) and central nervous system (encephalitis). The most
common route of exposure to this organism is direct exposure
to contaminated water (e.g., contaminated solutions used to
clean contact lenses), soil, or air. Most infections follow direct
inoculation inte the eye (e.g.. previously abraded cornea from
the use of dirty contact lenses) or inhalation. The organism does
nol directly penetrate into the skin like some other parasites do
(e.g.. hookworm, Strongyloides). There is no evidence of person-
to-person spread (e.g., by the fecal-oral rouie), of infections
following ingestion of water or foods coniaminated with
Acanthamoeba, or of mosquitoes serving as carriers of the
parasite,

MMS5 869-870

15 (B) Albendazole. The benzimidazoles are broad-spectrum
antihelminthic agents that include mebendazole. thiabendazole,
and albendazole. The agents disrupt microtubular function, thus
reducing the motility of the worms. Albendazole is active against
Trichinella. as well as against other helminthes, including Enter-
obius (pinworm), hookworm, Toxocara, and Trichuris. The ces-
todes Cysticercus and Echinococcus are also susceptible.

MM5 834

16 (E) Trypanosoma brucei. T. brucei, which is the etiologic
agent of sleeping sickness, is endemic from central West Africa
(T. brucei gambiense) to central East Africa (T, brucei rhodesiense).
The infectious stage of the parasite is the trypomastigote. This
develops in the salivary glands of the tsetse fly and is transmit-
ted during a bite. The trypomastigote enters the bite wound and
then eventually the patient's blood. lymph nodes. and cere-
brospinal fluid, where it replicates. Diagnosis is made by exam-
ining thick and thin blood films and aspirations from lymph
nodes and concentrated cerebrospinal fluid, T cruzi infections
{American trypanosomiasis) occur in the Western Hemisphere
from southern California to Argentina. L. donovani (visceral
leishmaniasis) is present in China, India, the Middle East, and
Alfrica. The amastigote stage (small ovoid cell) is diagnostic for
leishmaniasis. P falciparum is present in Africa but does not
resemble the flagellated organism described in this question. T,
gondii would also not be mistaken for T. brucei.

MM5 873-875

17 (C) Contaminated water. This outbreak is caused by Cryp-
tosporidium, the only acid-fast parasite that is 4 to 6 um in diam-
eter. The most common source for Cryptosporidium infections in
the United States has been contaminated water.

MM5 855-856

18 (E) Microsporidium. All of the parasites listed in the
answers to this question can cause chronic diarrhea in HIV-
infected patients. The characteristic that scparates these para-
sites is their size. Cryptosporidium is 5 to 7 um in diameter;
Cyclosporais 8 to 10 pm in diameter; and Giardia and Isospora are
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much larger. Microsporidia are a large group of intracellular
parasites in the phylum Microspora. Six genera of microsporidia
have been reported in humans: Encephalitozoon, Enterocytozoon,
Nosema, Pleistophora, Trachipeleistophora, and Vittaforma. The
spores of microsporidia can stain with the tissue Gram stain,
acid-fast stain, Giemsa stain, and a special chromotrope-based
stain developed to delect the parasites. Inflections in immuno-
compromised patients are generally chronic because effective
treatment of’ microsporidian infections has not been found.
MM5 858-859
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From Marler LM, Siders JA, et al: Parasitology CD-ROM, Indiana
’atholgy Tmages, 2003,

19 (C) Epidemic relapsing fever. Two forms of relapsing
fever are caused by Borrelia species: epidemic or louse-borne
relapsing fever and endemic relapsing fever caused by exposure
to soft ticks of the genus Ornithodorus. The human body louse,
Pediculus humanus, spreads epidemic relapsing fever. Lice become
infected after leeding on an infected person. The organisms are
ingested, pass through the wall of the gut, and multiply in
hemolymph. Human infection occurs when the lice are crushed
during feeding. Because lice do not survive for more than a few
months, maintenance of disease in a population requires
crowded, unsanitary conditions (e.g.. wars, natural disasters).
MM5 931-932

20 (E) Isospora. Isospora is the largest acid-fast parasite
responsible for human disease. Cryptosporidia are 5 to 7 um in
diameter. and Cyclospora are 8 to 10 um in diameter. Entamocha
and Giardia are not acid-fast. Fach of the parasites causes
diarrheal disease, with Entmmoeba histolytica responsible for a
hemorrhagic colitis and the other parasiles causing a walery
diarrhea.

MM5 854-855




From Marler LM. Siders JA, et al: Parasitology CD-ROM, Indiana
Patholgy Images, 2003,

21 (A) Diphyllobothrium latum. D. latum, the fish tapeworm,
has a complex life cycle involving freshwater crustacean and tish
as intermediate hosts and humans as the primary host. Inges-
tion of inadequately cooked fish exposes the human host to the
larval worm (sparganum|. Within 1 month, the larval worm will
mature to the adult stage in the small intestine and begin to
produce eggs that can continue for months to vears. Human
infection with E. multilocularis lollows the accidental exposur to
the parasite’s eggs present in the feces of infected loxes. wolves,
dogs, or cats. Infection with F Nepatica follows ingestion of
the encysted larval stage (metacercaria) present in aquatic
vegetation, such as water chestnuts. Infection with H. diminuta
follows ingestion of grain products contaminated with infected
larval insects. Infection with P westermani follows ingestion
of uncooked freshwater crabs and crayfish infected with the
parasite.

MM5 910-911

22 (A) African trypanosomiasis. Trypanosoma brucei is the
etiologic agent of African trypanosomiasis or sleeping sickness.
Human disease is acquired by the bite of an infected tsetse fly.
Tsetse {lies become infected by biting an infected host and ingest-
ing the trypomastigotes in the blood. The organisms replicate in
the midgut and then migrate to the salivary glands, where an
epimastigote form continues reproduction to the infective trypo-
mastigote stage. The trypomastigotes are then transferred to the
next host during a bite.

MM5 873-8B75

23 (B) Leishmania braziliensis. L. braziliensis is one of the
Leishmania species that causes cutaneous and mucocutaneous
leishmaniasis. Infections have been particularly common in sol-
diers in the Middle East, Diagnosis is made by detecting the
amastigote stage in tissue or lymph nodes, Amastigotes are
spherical-shaped cells, 1 to 5 um long and 1 to 2 um wide, with
a large nucleus and prominent kinetoplast. The other organisms

listed in the answers to this question (i.e., B. microti, B vivax, T,
gondii. and T, cruzi) would not be mistaken for L. braziliensis.
MMS5 872-873

From Marler LM. Siders JA. et al: Parasitology CD-ROM, Indiana
Patholgy Images, 2003.

24 (C) Fecal-oral. Enterobius vermicularis is commonly
known as the pinworm. It causes gastrointestinal disease in
humans, particularly in children. The adult worm lays her eggs
in the perianal arca, and person-to-person spread occurs most
commonly by the fecal-oral route. The organism is unable to
cause disease by direct inoculation, direct skin penetration.
inhalation. or mosquito bites,

MM5 879-881

25 (B) Plasmedium falciparum. The question does not state
whether the woman took any prophylaxis for malaria: however,
because she did not take other precautions. malaria is certainly a
disease to consider. P falciparwin is present in tropical and sub-
tropical regions. Diagnosis of malaria is made by examination of
thick and thin blood smears. P fulciparim can be identified by the
presence of small, delicate ring forms to the exclusion of other
forms (e.g.. trophozoites, schizonts) in infected erythrocytes. Cells
may be infected with multiple organisms. stippling (dots} is
uncommeon, and the rings may be arranged at the edge of the cell
(appliqué form). Cresceni-shaped gametocytes may also be
observed. The other Plasimodium species listed in the answers to
this question should not be confused with B falciparum. Ring
forms, as well as trophozoites and schizonts. should be observed
in the blood. Trophozoites of B. microti can be mistaken for Plas-
modiwm ring forms unless carefully examined. The travel history
is inconsistent with babestosis. T eruzi would not be confused with
P falciparum.

MM5 861-869
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From Marler LM, Siders JA, et al. Parasitology CD-ROM, Indiana
Patholgy Images, 2003,

26 (D) Inhibition of phagosome/lysosome fusion. Toxo-
plasma is an intracellular parasite that exists in two forms in
humans: the actively proliferating trophozoites and the resting
form or cysts. If the parasite is phagocytosed by macrophages,
intracellular killing is avoided by the parasite’s inhibition of
fusion of the phagosome and the lysosome.

MM5 867-869

27 (Q) Cryptosporidium. Acid-fast organisms include Myco-
bacterium, Nocardia. Rhodococcus,  Tsukamurelln, Gordonia,
microsporidia, Cryptosporidium, Cyclospora, and Isospora. Actino-
myces, Corynebacterium, Giardia, and Streptomyces will not stain
with acid-fast stains.- Corynebacterium species that were previ-
ously reported as acid-fast have now been reclassified in other
genera (i.e., Rhodococcus, Tsukamurella, Gordonia).

MM5 855-856

28 (A) Acanthamoeba. Acanthamoeba species can produce a
devastating keratitis that is difficult to treat and frequently leads
to enucleation of the eye. The keratitis is usually associated with
eye trauma that occurred before contact with contaminated soil,
dust. or water. In this patient’s situation, the eye trauma is likely
related to contact wear that can abrade the surface of the
cornea. The use of contaminated water to clean the contacts can
introduce the amoeba on the contacts. The other parasites listed
in the answers to this question are not associated with eve
infections.

MM5 869-870

From Cohen ], Powderly WG: Infectious diseases, ed 2, St Louis.
2004, Mosbwv.

29 (E) Microsporidia. Microsporidia are obligate intracellu-
lar pathogens belonging to the phylum Microspora. Infection is
acquired by ingestion of the spores. The spores multiply in the
cells lining the small intestine. Immunocompetent patients gen-
erally do not have symptoms from ingestion of the spores, but
immunocompromised patients, such as this patient, can develop
persistent and debilitating diarrhea similar to patients with cryp-
tosporidiosis, cyclosporiasis, and isosporiasis. The parasites are
most easily distinguished by size, with microsporidia being the
smallest. Entamoeba and Giardia are much larger than micro-
sporidia and would not be confused with these parasites.

MM5 858-859

From Cohen [, Powderly WG: Infectious diseases, ed 2, St Louis,
2004, Mosby.
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30 (D) Metronidazole. Metronidazole is a nitroimidazole
agent that is believed to inhibit DNA and RNA synthesis. as well
as the metabolism of glucose and mitochondrial function.
Metronidazole is the drug of cheice for trichomoniasis and giar-
diasis, It is also active against strict anaerobic bacteria.

MM5 833-844

31 (A) Basil in salad. This infection is caused by Cyclospora.
the only acid-fast parasite that is 8 to 10 um in diameter. In
developing countries, Cyclospora is frequently found in contami-
nated water, and this is a likely source of infection for travelers.
In the United States. however. most outbreaks of Cyclospora
infections have been associated with imported berries and basil.
MM5 856-858

32 (B) Enterobius. Eggs of Enterohius vermicularis, the
pinworm, are seen in the figure, Infection is most commeon in
children who become infected when they ingest the eggs, The
larvae hatch in the small intestine and migrate to the large intes-
tine, where they mature into adults, The females are lertilized by
male worms, and then egg laying commences, The eggs are laid
in the perianal folds by the migrating female. The eggs are char-
acteristically flattened on one side. 50 to 60 um long and 20
to 30 um wide. These eggs would not be confused with eggs
produced by the other nematodes listed in the answers to this
question.

MM5 879-881

33 (A) Chrysops fly. The vector of Loa loa is the biting fly
Chrysops or the mango fly. Microfilariae, present in the blood of
humans, are ingested by the mango [ly during the initial bite. The
microfilarine then penetrate the stomach wall of the insect,
localize in the thoracic muscles, and undergo two stages ol larval
development. The larvae migrate to the head and proboscis of
the fly and infect a new human host when the fly bites, The
microfilariae mature to adulls in the lymphatic system and
produce microfilariae that are observed in the patient’s blood.
MM5 890-891

34 (C) Opisthorchis sinensis. O. sinensis is the Chinese liver
fluke. This patient’s travel history and diet indicate that he could
have been infected with this organism or E hepatica, the sheep
liver fluke. (. sinensis is associated with consumption of infected
raw fish and E hepatica with uncooked watercress. The diagno-
sis is made by examination of the stool for characteristic eggs. ().
sinensis eggs are 27 to 35 um long and 12 to 19 um wide. An
opening or operculum with a prominent ridge or shoulders is at
one end. and a small button is at the other end. E hepatica eggs
are significantly larger, 130 to 150 um long and 63 to 90 um
wide with a small and indistinct operculum. The other parasites
listed in the answers to this question are not associated with hep-
atitis, and their eggs would not be confused with O. sinensis.
MM5 899-900

®

35 (E) Taenia saginata. Human infection with T saginata, the
beef tapeworm, follows ingesiion of insufficiently cooked beef, The
cysticerci in cattle mature in 1 month to the adult stage in the
human small intestine, and egg laying may persist for up to 25
vears. Ingestion of inadequately cooked freshwater fish exposes
the human host 1o the larval worm (sparganum) ol D. latum.
Human infection with E. mudtilocularis follows the accidental
exposure to the parasite's eggs present in the feces of infected
foxes, wolves, dogs, or cats. Infection with E hepatica follows inges-
tion of the encysted larval stage (metacercaria) present in aquatic
vegetation, such as in water chestnuts, G. lamblia infections follow
ingestion of the cyst form of the flagellate.

MMS5 909-910

36 (E) Trichrome stain. This boy has meningoencephalitis
caused by a free-living amoeba, most likely Naegleria fowleri.
Infections are acquired by exposure to contaminated water.
Acute infections are characterized by a fulminant, rapidly fatal
meningoencephalitis. This infection commonly occurs in
patients with no underlying diseases. An acid-fast stain can be
used to diagnose infections with mycobacteria or Nocardia. but
there is nothing in the clinical history to suggest infections
with these organisms. A cryptococcal infection in a previously
healthy patient is very uncommon, and the cerebrospinal fluid
{CSF) profile is inconsistent with this pathogen. Late-stage Lyme
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disease would not present with this fulminant course and
without a prior history ol a rash, carditis, or arthritis.
MM5 869-870

37 (C) Direct skin penetration by infectious larvae. This
woman is infected with a hookworm. either Ancyclostoma
duodenale or Necator americanus, The eggs of these iwo parasites
are indistingunishable. having a thin outer shell and measuring
60 to 75 um long and 35 1o 40 um wide. Eggs are shed in the
feces of an infected patient; il the eggs are deposited on shady,
well-drained soil. they can hatch and mature into infectious
larvae. The larvae then penetrate unbroken skin, migrate to the
lungs. and find their way to the small intestine. Strongyloides is
the other important nematode that initiates infections in
humans by penetrating the skin.

MM5 844-845

38 (B) Encystment in muscle. Trichinosis infection in
humans is initiated when meat with encysted larvae of

Trichinella spiralis is ingested. The larvae rapidly develop into
adults in the small intestine and begin production of larval
wornis, These larvae move from the intestinal mucosa into the
blood and are carried to striated muscle where they encyst.
MM5 887-888

39 (A) Ascaris lumbricoides. This woman has an Ascaris in-
fection, Diagnosis is made by detection of the characteristic
thick-walled eggs in her stool specimens. Eggs are typically
55 to 75 um long and 35 to 50 um wide. Both fertilized and
infertile eggs may be scen. Although other parasites listed in the
answers to the question may cause gastrointestinal symptoms,
the eggs of A. lumbricoides (the roundworm) are readily distin-
guished from these other parasites,

MM5 881-882
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From Cohen J, Powderly WG: Infectious diseases, ed 2, St Louis.
2004, Mosby.

40 (D) Trichrome stain. Trichrome stain is used to detect
intestinal and urogenital protozoa, including Entamoeba his-
tolytica. Calcofluor white is a nonspecific fluorochrome that
binds to cellulose and chitin. Chitin is present in the cell wall of
fungi. Gram stain is used primarily to stain bacteria; Kinyoun
stain is an acid-fast stain. The only parasites that are acid-fast
are microsporidia, Cryptosporidium, Cyclospora, and Isospora. The
Wright-Giemsa stain is used to detect blood-borne pathogens
(e.g.. Borrelia, Ehrlichia, Anaplasma. Rickettsia, Plasmodium,
Babesia, microfilariae).

MMS5 B47-849

41 (C) Fecal-oral. I, histolytica is responsible for amebiasis. a
disease that is primarily restricted to the intestine although
direct spread to the liver can occur in severe infections. Most
infections are acquired by ingestion of lecally contaminated food
products or water. Symptomatic or asymptomatic carriers pass
the amoeba in their stools. The infectious cyst form can survive
in the environment for long periods. Infections can also be trans-
milled by oral-anal sexual practice, and disease is prevalent in
homosexual populations,

MM5 847-849

42 (C) Schistosoma haematobium. This patient has schisto-
somiasis caused by the blood fluke, S. haematobium. Infection
occurs when an individual comes into contact with the [ree-
swimming cercaria that can penetrate unbroken skin. The
cercaria enter the circulation and move to the vesical, prostatic,
rectal, and uterine plexuses and veins, where they mature into
adult worms. Adult S. haematobim worms reside in the veins
around the urinary bladder, where they proceed with egg laying.
The eggs elicit an intense inflammatory reaction and stimulate
microabscess formation. [n addition, the larvae inside the cggs
produce enzymes that aid in tissue destruction and allow the
eggs to pass through the mucosa and into the lumen of the
bowel and bladder, where they are passed in feces and urine. S.
haematobium eggs are 112 to 170 um long and 40 to 70 um



wide, with a prominent terminal spine. S. mansoni has a lateral
spine, and §. japonicum has smaller eggs with no prominent
spine. Fusciolopsis buski eggs are larger than S. haematobium eggs,
oval without a terminal spine, and with an operculum. Parago-
nimus westermani eggs are smaller than S. haematobium cggs,
oval, and with an operculum. E buski is the giant intestinal fluke
and P westermani is the lung fluke.

MMS5 902-905
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From Marler LM. Siders JA. et al, Parasitology CD-ROM, Indiana
Patholgy Images, 2003.

43 (B) Cryptosporidium. This infection is caused by Cryp-
tosporidium. the only acid-fast parasite that is 4 to 6 pum in diam-
eter. Candida is not acid-fast, whereas the other parasites listed in
the answers to this question are weakly acid-fast. Microsporidia
are 1 to 2 um: Cyclospora are 8 to 10 um: and Isospora are 10 to
19 pm wide and 20 to 30 pm long.

MM5 855-856

44 (A) Acquisition of host antigens. Human infection with
S. mansoni is initiated when infected. free-swimming cercaria
penetrate the skin, The cercaria are carried in the blood to the
intrahepatic portal circulation where the worms will mature to
adults. As the worms develop. they coat themselves with host
antigens. thus protecting them from the host immune response.
In contrast with the adult worms, the released eggs elicit an
intense inllammatory reaction with mononuclear and polymor-
phonuclear cellular infiltrates. resulting in the formation of
microabscesses.

MM5 902-905

45 (D) Strongyloides. This patient has an infection with
Strongyloides stercoralis. The larvae of the parasite are able to
penetrate skin. enter the circulatory system, and pass through
the lungs. The worms are coughed up, swallowed, and then
develop into adults in the small intestine. Eggs are deposited in
the intestinal mucosa, where they hatch. releasing the larvae,
Larvae and not eggs are detected in the stool specimens. Auto-
infections can occur in immunocompromised patients. In this

situation, the larvae in the stool develop into the infectious filar-
iform larvae and repenetrate the intestines, initiating their
migratory path from the circulatory system to the lungs and
then to the small intestine. Autoinfections (hyperinfections)
are characterized by perforation of the intestines when the
larvae penetrate the intestinal wall to the circulatory system
and pneumonitis when the worms migrate through the lungs.
Ancyclostoma and Necator (hookworms) have a similar develop-
menial cycle, but eggs and not larvae are found in stool
specimens, Larvae for Ascaris or Trichinella would not be
observed in clinical specimens.

MM5 885-887

46 (D) Immunoperoxidase staining of brain biopsy. This test
is sensitive and specific. The biopsy material could also be stained
with the Giemsa stain, but this test is less sensitive. The detection
of antibodies in blood does not discriminate between a current
infection and a past infection. Detection of antibodies in CSF is
insensitve. Isolation of Toxoplasma in tissue culture cells is a spe-
cific but insensitve test. PCR testing is used commonly in clinical
laboratories but is less sensitive compared with immunoperoxi-
dase staining.

MM5 867-869

47 (D) Ingestion. Opisthorchis sinensis is commonly called
the Chinese liver fluke. This parasite has a complex life cycle,
maturing first in snails and then in water plants (i.e., water
chestnuts). [ngestion of the water chestnuts by humans leads to
human disease. The organism is unable to infect humans by
other routes {e.g.. inoculation, skin penetration, fecal-oral, or
mosquito bites).

MM5 899-900

48 (E) Trichuris trichuria. This patient is infected with T.
trichuria. the whipworm. Infection is initiated by ingestion of
infectious, embryonated eggs. After passing through the
stomach, the egg hatches, releasing the larvae that migrate to
the large intestine. The adult worm attaches (o the cecum and
begins egg laying. The eggs have a characieristic morphology: 50
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to 55 umlong, 22 to 24 pum wide, and barrel-shaped with a thick
shell and clear plugs at each end.
MM5 883-884

49 (D) Tick. Babesia microti is the etiologic agent of babesio-
sis, a zoonotic disease affecting a variety of animals with
humans as an accidental host. This blood-borne infection is
transmitted by the ixodid tick., Other biting insects (e.g., mos-
quito, reduviid bug, sandfly, or tsetse fly) have not been associ-
ated with this infection.

MM5 866-867
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