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Bacteriology Structure and Function 
 
Q. Which of the following compounds is only found in Gram positive bacteria:  
 
A. Capsule 
B. Lipopolysaccharide  
C. Outer membrane  
D. Peptidoglycan  
✓E. Teichoic acid 
 
Rationale: Teichoic acids are found within the peptidoglycan of Gram-positive 
bacteria. Some Gram-positive and Gram-negative bacteria can produce a capsule, 
whereas only Gram-negative bacteria possess lipopolysaccharide and an outer 
membrane. 
 
Q. The phase of bacterial growth when the rate of replication equals that of cell death 
is called the: 
 
a. lag phase. 
b. exponential phase. 
✓c. stationary phase. 
d. low density phase. 
 
Rationale: Bacterial growth is classified into distinct phases – the lag phase occurs 
when bacteria are placed into a nutrient rich environment. This phase is where the 
bacteria adapt to their new environment, allowing for expression of genes necessary 
for the exponential growth where the organisms are rapidly dividing. The exponential 
phase is followed by the stationary phase – the bacteria are still dividing, but 
nutrients are beginning to be exhausted, so that bacterial cell death is also occurring, 
resulting in the maintenance of viable cell numbers and a levelling off of the curve. 
Eventually as the nutrients are exhausted, the rate of death will exceed the rate of 
growth leading to the “death” or decline phase.  
 
Q. The differential Gram stain is the starting point for bacterial classification. Bacteria 
referred to as Gram negative: 
 

A. lack peptidoglycan in their cell wall but contain mycolic acid 
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B. have a thick peptidoglycan cell wall containing teichoic and lipoteichoic acids 
✓C. have a complex cell wall consisting of both inner and outer membrane 

D. produce endotoxin known to ADP ribosylate various target proteins 
 
Rationale: Bacteria with mycolic acids are known as acid-fast bacteria (e.g. 
Mycobacterium) and they generally do not stain well with the gram stain procedure. 
Techoic acid is a key component of the gram positive cell wall. There are toxins that 
cause ADP-ribosylation, but these are generally exotoxins rather than endotoxins. 
Gram negative organisms do have a complex cell wall with outer and inner 
membranes, so this is the best answer.  
 
Bacterial Genetics 
 
Q. In tracking down the specific physical location of a gene that codes for beta-
lactamase production in a plasmid-free strain of Staphylococcus aureus, some 
contradictory results were obtained. In some clones, the gene appeared to be in one 
location on the chromosome, but in other clones the gene was found in several 
additional locations on the chromosome. How can this best be explained? 
 
A. The cells were lysogenic 
B. The gene was part of an F factor 
✓C. The gene was part of a transposon 
D. The bacteria underwent induction 
E. The strain was infected with a prophage 
 
Rationale: The correct answer is that the gene is part of a transposon - these are 
genetic elements that can move genes or blocks of genes from one location of a 
chromosome to other locations within the chromosome, or to different chromosomes 
or plasmids.  Induction and lysogeny refer to a life cycle stage of a bacteriophage.  The 
strain of the bacteria is noted to be plasmid-free, so the F factor that is associated 
with a plasmids involved with conjugation is incorrect.  A prophage refers to the 
genetic material of a bacteriophage that is incorporated into the genome of a 
bacterium. This would not account for the ability of the gene to “jump” between 
locations.  
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Q. Uptake of naked DNA plasmid carrying multiple drug resistance genes by a 
bacterium from a pure culture of Streptococcus pneumoniae describes which of the 
following genetic mechanisms? 
 
A. transposition 
B. conjugation 
C. lysogeny 
✓D. transformation 
E. induction 
 
Rationale: Transposition refers to jumping genes; conjugation requires a sex pilus and 
transfer DNA directly from cell-to-cell; lysogeny is a phase of bacteriophage life cycles, 
as is induction; transformation is the mechanism by which bacteria can uptake naked 
plasmid DNA.  
 
Q. Self-replicating episomal DNA best describes: 
 
a. bacteriophages. 
b. transposons. 
✓c. plasmids. 
d. chromosomes. 
 
Rationale: Transposons refers to jumping genes; bacteriophages are specifically 
described as bacterial viruses, meaning that they have both a genetic and protein 
component; plasmids can be extrachromosomal, they replicate independently of the 
chromosome and some can integrate into the host chromosome (e.g. the F plasmid) 
i.e. they are episomal. So the best answer is Plasmids! 
 
Gram Positive Bacteria 
 
Q. Carbuncles, food poisoning, bullous impetigo and toxic shock syndrome are clinical 
syndromes associated with: 
 
A. Streptococcus pyogenes. 
B. Staphylococcus epidermidis. 
✓C. Staphylococcus aureus. 
D. Enterococcus faecalis. 
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E. Streptococcus pneumoniae. 
 
Rationale: S. aureus is the most common cause of all skin infections including 
furunculosis, carbuncles and bullous impetigo. It is also is the most common cause of 
toxin-mediated food poisoning and the only one on the list that causes food 
poisoning.  S. aureus is the most common cause of toxic shock syndrome, far more 
common than S. pyogenes. 
 
Q. A 2 year old patient has several purulent lesions with thick crusts on her face. 
Catalase negative, beta hemolytic Gram positive cocci were cultured from the 
purulent material. Which of the following is the most likely causative organism? 
 
A. Streptococcus pneumoniae 
B. Enterococcus faecalis 
C. Streptococcus agalactiae 
✓D. Streptococcus pyogenes 
E. Streptococcus mutans (viridians strep) 
F. Staphylococcus epidermidis 
G. Staphylococcus aureus 
 
Rationale: The clinical signs are consistent with pyoderma (AKA impetigo) that can be 
caused by either S. aureus or S. pyogenes. The results of the catalase test confirm a 
diagnosis of S. pyogenes, as S. aureus is catalase positive.  
 
Q. A 56 year old hospitalized patient on antibiotic therapy develops acute diarrhea 
with cramping and fever. Endoscopy confirms a diagnosis of pseudomembranous 
colitis. What is the most likely causative organism? 
 
A. Pasteurella multocida 
B. Salmonella typhimurium 
C. Streptococcus mutans (Viridans group) 
✓D. Clostridium difficile 
E. Legionella pneumophilia 
 
Rationale: Pseudomembranous colitis resulting from antibiotic therapy is associated 
with Clostridium difficile. This organism is part of the normal gut flora, but antibiotic 
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treatment can cause an overgrowth of the organism and the development of the 
whitish plaques overlaying the colonic tissue that are characteristic of this disease.  
 
Gram Negative Bacteria 
 
Q. The fluid loss and electrolyte imbalance in cholera is caused by: 
 
✓A. Exotoxin induced increase in adenylate cyclase activity and cAMP 
B. Enteroinvasive effect of Vibrio cholerae 
C. Endotoxin induced cellular injury 
D. Exotoxin induced neurotoxicity 
 
Rationale: V. cholerae produce a bacteriophage encoded A-B exotoxin that causes 
ADP ribosylation of the Gs protein, increasing cAMP production and hypersecretion of 
water from the intestinal epithelium.  
 
Q. A 25 year old male is seen in your office with urethritis. Direct Gram stain 
examination of the purulent discharge reveals numerous polymorphonuclear cells 
with intracellular Gram negative diplococci. The MOST LIKELY causative organism of 
this infection is: 
 
A. Haemophilus ducreyi  
✓B. Neisseria gonorrhea 
C. Proteus mirabilis  
D. Salmonella enterica 
 
Rationale: a purulent urethritis, and intracellular gram negative organisms is 
characteristic of Neisseria gonorrhea infections. The only other organism on the list 
that would cause an STI is Haemophilus ducreyi which causes a chancroid – a painful, 
ulcerative lesion.  
 
Q. Many of the systemic effects of Enterobacteriaceae induced sepsis (fever, chills, 
hypotension, shock, extravascular hemorrhage) result from: 
 
✓A. endotoxin induced host cell secretion of TNFα (tumor necrosis factor alpha) and 
IL-1 (Interleukin-1). 
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B. interaction of the bacterial capsular polysaccharide with IgA (Immunoglobulin A) 
protease. 
C. interaction of heat labile bacterial exotoxins with vascular endothelial cells. 
D. a localized inflammatory response mediated by Gram positive cell wall 
components. 
 
Rationale: The Enterobacteriaceae produce the LPS endotoxin. It can activate 
monocytes to produce TNF and IL-1, as well as activate the alternative complement 
pathway, resulting in shock-like symptoms. The Neisseria produce an IgA protease; 
and the Enterobacteriaceae are gram negative. Some Enterobacteriaceae produce 
heat labile toxins, but this is not a general property of the family of bacteria.  
 
Other Bacteria 
 
Treponema pallidum, Leptospira interrogans, and Borrelia recurrentis have in 
common the fact that each is a (an): 
 
A. Gram positive rod. 
B. obligate intracellular parasite. 
✓C. spirochete. 
D. sexually transmitted organism. 
 
Rationale: All of these organisms are spirochetes, with the classical spiral shaped cell 
body. They typically do not stain well with the gram stain, and are not intracellular. 
Only Treponema pallidum is sexually transmitted.  
 
Q. Which of the following bacteria lack a cell wall: 
  
A. Mycobacterium 
✓B. Mycoplasma 
C. Salmonella 
D. Clostridium 
 
Rationale: The Mycoplasma characteristically lack a cell wall and are the smallest of 
the free living organisms. Mycobacterium do have a cell wall, but it does not stain 
well using the gram stain. Salmonella have a gram negative cell wall, Clostridium a 
gram positive cell wall.  
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Q. You injected 5 tuberculin units of PPD ("purified protein derivative") into the skin 
of a patient and 48 hours later measured an induration of 28 mm, assessed as a 
positive reaction. The patient appeared in good health and had a normal chest X-ray. 
The tuberculin skin response was MOST LIKELY due to: 
 
✓A. a prior exposure to Mycobacterium tuberculosis. 
 B. active pulmonary tuberculosis. 
C. a prior nontubercular mycobacterial infection. 
D. a type I hypersensitivity to tubercular bacilli mycolic acids. 
 
Rationale: The test describes the tuberculin skin test. A positive reaction could have 
occurred due to a prior infection with Mycobacterium tuberculosis or perhaps 
vaccination. Active pulmonary Tb would be inconsistent with a normal chest X-ray, 
and a prior infection with a nontubercular mycobacterium would be unlikely to 
produce a positive reaction. The induration is due to a Type IV delayed 
hypersensitivity response, rather than a type I response.  
 
Introduction to Viruses 
 
Q. For an icosahedral enveloped virus, viral attachment protein is a: 
 
 
a. nucleocapsid protein. 
✓b. virally-encoded glycoprotein. 
c. cellular derived envelope protein. 
d. viral tegument protein. 
e. viral matrix protein. 
 
Rationale: For an enveloped virus, the viral attachment protein is typically a virally 
encoded glycoprotein that becomes embedded in the viral envelope. The VAP will 
associate with its cognate receptor, triggering membrane fusion. Nucleocapsid 
proteins are VAP’s for naked viruses, and tegument and matrix proteins are localized 
between the viral envelope and the capsid. Cellular derived glycoproteins could 
actually be present within the viral envelope by inadvertent retention during the 
budding process, but it would be very unlikely for those proteins to be involved in 
virus attachment. 
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Q. The diagram below represents the replication cycle of which of the following 
viruses? 
   
 

 
 
 
A. herpesvirus 
✓B. poxvirus 
C. retrovirus 
D. reovirus 
 
Rationale: This diagram shows a virus that replicates in the cytoplasm, so we can 
eliminate herpes and the retroviruses! Both poxviruses and reoviruses replicate in the 
cytoplasm, and use a “core” or “inner shell” to contain the genome. The difference is 
that for the reoviruses, the genome is also replicated in newly formed cores to “hide” 
the dsRNA genome from TLR’s that can trigger the antiviral response. For the 
poxviruses, they code for an “uncoatase” that frees the genome from the core prior 
to genome replication. Of course, another big clue is that the diagram refers to “DNA 
replication” versus RNA!  
 
Q. Match the following statements with the viruses: Replicates its genome in the 
nucleus and utilizes host RNA polymerase. 
 
 
a. picornavirus 
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b. reovirus 
✓c. herpesvirus 
d. poxvirus 
 
Rationale: Replication in the nucleus excludes all viruses on the list except 
herpesviruses! Remember that poxvirus is the exception to the rule in that it is a 
dsDNA virus that replicates in the cytoplasm. Both picorna and reoviruses also 
replicate in the cytoplasm. 
 
Q. Match the following statements with the viruses: Contains a viral RNA-dependent 
RNA polymerase as a component of the virion particle. 
 
a. picornavirus 
✓b. rotavirus 
c. herpesvirus 
d. poxvirus 
 
Rationale: From the stem, we are looking for an RNA virus (herpes and pox will both 
use a DNA dependent RNA polymerase). So that leaves rota and picornavirus. For the 
picornaviruses, these are (+) sense RNA viruses (e.g polio, rhinovirus) so they act as 
mRNA – they can make their RNA dependent RNA polymerase once they infect the 
cell, so there is no reason to carry it in the virion. But, rotaviruses have a dsRNA 
genome – this has to be transcribed first before it can be translated, so it will have to 
carry the RNA dependent RNA polymerase in the virion particle! 
 
Q. Which of the following is correct concerning virus structure and classification? 
 
A. All helical viruses are naked 
B. All human viruses are classified as Biosafety Level 4 
C. All icosahedral viruses are enveloped 
✓D. All viruses package their genomes inside structural proteins 
E. All ssRNA viruses must be reverse transcribed to produce viral proteins 
 
Rationale: All viral genomes are packaged inside structural proteins to form helical or 
icosahedral capsids. Some icosahedral capsids are enveloped, others are naked – 
similar to the helical viruses. Biosafety level 4 refers to viruses that are known human 
pathogens that are aerosol transmitted and cause fatal disease for which there is no 
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treatment. For single stranded (ss) RNA viruses, only the retroviruses are reverse 
transcribed! 
 
Q. Co-infection of hepatocytes with hepatitis B virus and hepatitis D virus results in 
some progeny virus with a hepatitis D genome and a hepatitis B virus envelope. This is 
described as 
 
a. reassortment 
b. recombination 
c. conjugation 
d. transduction 
✓e. complementation 
f. transformation 
 
Rationale: this is an example of complementation – the hepatitis B virus provides the 
surface glycoproteins for the defective Hepatitis delta virus, but there is no 
permanent change in the genome of either virus.  
 
 
MCQs for First Aid for USMLE-Styled MCQ Workshop 
 
1) A 19-year-old previously healthy female first-year college student presents to the 
emergency department with acute onset of severe headache, fever, neck stiffness, nausea 
and vomiting. On examination, the patient is disoriented to place and time; HR is 84/min, RR 
18/min, BP 125/90 mmHg, with positive Kernig's and Brudzinski's signs, and diffuse 
erythematous maculopapular rash. A CSF analysis performed is significant for increased 
opening pressure, turbid CSF, leukocytosis with predominance of PMNs, decreased glucose 
level, increased protein level, and Gram-negative diplococci. What deficiency is likely to 
have contributed to this person’s illness? 
 
A) C2 
B) CD59 
C) Factor H 
D) Factor I 
*E) Properdin 
 
2) A 35-year-old previously healthy female presents to the emergency department with 
acute onset of severe headache, fever, and altered mental status. Physical examination: HR 
84, RR 18, BP 125/90 mmHg. A CSF analysis performed with the following results: normal 
opening pressure, clear CSF, normal glucose level, and normal protein level. Polymerase 
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chain reaction performed on CSF is positive for a persistent viral infection. What image 
shows the location of virus latency? 
 
 

 
A) Choice I 
B) Choice II 
C) Choice III 
D) Choice IV 
E) Choice V 
 
Key to question: 
A) Micrograph of CNS tissue, grey matter (shows neuronal cell body with Nissl substance) 
B) Micrograph of respiratory epithelium (ciliated pseudostratified columnar with goblet cells (trachea) 
C) Micrograph of vaginal epithelium (non-keratinized stratified squamous) 
D) Micrograph of thin skin epidermis (keratinized stratified squamous) 
E) Micrograph of dorsal ganglion (shows satellite cells around nuclei of neuron) 
 
3) A 55-year-old previously healthy man presents to his physician with fatigue, weakness, 
abdominal pain and itching, as well as an unintentional weight loss. Physical exam reveals: 
HR 76/min, RR 12/min, BP 105/70 mmHg, scleral icterus; examination of the epigastrium 
shows a liver span of 18 cm on percussion, as well as distended, engorged superficial 
epigastric veins radiating from the umbilicus across the abdomen. Relevant laboratory 
results are: 
 
ALT 110 IU/L 
AST 130 IU/L 
ALP 140 IU/L 
Serum bilirubin 3.6 mg/dL 
Platelets 100,000/mm3 
Prolonged prothrombin time 
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Given the most likely etiology, what laboratory finding is most likely to be consistent with this 
presentation? 
 
A) HBs IgG 
*B) HCV RNA 105 IU/mL 
C)  Hepatic copper 250 µg per g of liver (dry weight) 
D) Serum albumin 4.2 g/dL 
E) Serum sodium 160 mmol/L 
 
4) During an outbreak of a vaccine-preventable diarrhea, a 20-month-old girl is brought by 
her mother to the emergency department following a sudden onset of vomiting and watery 
diarrhea (no mucus, no blood). On physical exam, the child has a fever, sunken eyes, 
abdominal pain, and hyperactive bowel sounds; vital signs are: HR 130/min, RR 36/min, and 
BP 100/60 mmHg. A stool sample sent for analysis is negative for leukocytes, bacteria, 
cysts or ova. What is a characteristic of the vaccine that could have prevented this child’s 
illness? 
 
A) Stable at room temperature (22°C) for an extended period (1 week) 
*B) Stimulates a mucosal immune response 
C) Provides effective humoral immunity, but little cellular immunity 
D) Requires a conjugate protein to stimulate a T-dependent response 
E) Requires booster immunization on a yearly basis 
 
 
 
 
A 65 year-old man presents to the emergency room with 12 hours of fever and right arm pain. He has a past 
medical history of alcoholic cirrhosis and works as an oyster shucker at a raw seafood bar. He cut his finger 
while shucking oysters yesterday evening but continued working.  On presentation, he is febrile (temperature 
104°F), hypotensive (blood pressure 90/60), and tachycardic (heart rate 110 bpm). Physical exam revealed 
extensive bullous (blister-like lesions) hemorrhagic lesions extending from the hand to his upper arm. Which 
one of the following organisms best describes the most likely cause of this man’s illness? 
 
@Gram-positive cocci growing in chains  
@Gram-positive cocci growing in clumps  
@*Gram-negative curved rods 
@Gram-negative diplococci 
@Acid fast bacilli 
 
[c-prob] 
 
!Explanation:  Textbook case of Vibrio vulnificus wound infection leading to sepsis, based on predisposing 
condition, contact with oysters, time course of disease, and bullous skin lesions. 
 
A 30 year-old man presents to his primary care physician with a 3 week history of bumps spreading up his 
arm. He notes that the first bump appeared closer to his hand and then ruptured and another bump 
appeared further up on his arm and that this pattern has continued over the last 3 weeks. He is an avid 
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gardener and wears gloves most of the time but has had a few scrapes and splinters to his hands in the 
recent weeks. Physican exam reveals nodular and ulcerated lesions in different stages of healing ascending 
up his left upper extremity. Which of the following organisms is the most likely causative agent? 
@*Sporothrix schenkeii 
@Mycobacterium marinum 
@Varicella zoster virus  
@Staphylococcus aureus 
@Trichyophyton rubrum 
@Herpes simplex virus 
 [c-prob] 
 
!Explanation:  Textbook Sporothrix shenckii infection 
 
 

1. [Original Question] Prior to your patient undergoing a transplant procedure, you collect a 
peripheral blood sample from both your patient (the recipient) and the donor. Upon mixing the 
two blood samples, you note a positive result from mixed lymphocyte reaction (MLR). Assuming 
this is a one-way MLR, what does the result from this test suggest? 
a. It suggests that your patient has pre-existing circulating alloreactive antibodies.  
b. It suggests that your patient has circulating alloreactive dendritic cells.  
c. It suggests that your patient has circulating alloreactive T cells.  
d. It suggests that your patient has pre-existing circulating autoreactive antibodies.  
e. It suggests that your patient has circulating autoreactive T cells.  

 
 

[Revised question v1] A 53-year-old woman shows symptoms of rejection of a kidney transplant 2 hours after 
transplant surgery. The organ donor was the eldest of her five sons, who is a healthy 25-year-old man who has 
the same blood type as his mother and no HLA mismatch. The presence of which of the following best describes 
the mechanism of rejection in this case? 
*A. Antibodies in recipient circulation recognizing donor antigens 
B. T cells in recipient in recipient recognizing donor antigens 
C. T cells in donor tissue recognizing recipient antigen 
D. Antibodies in donor tissue recognizing recipient antigen. 
 
[Revised question v2] A 53-year-old woman shows symptoms of rejection 2 hours after a kidney transplant 
surgery. The organ donor was the eldest of her five sons, who is a healthy 25-year-old man who has the same 
blood type as his mother and no HLA mismatch. Which of the following is the most likely causing the rejection 
experienced by the patient? 
* A. Recipient antibodies 
B. Donor antibodies 
C. Recipient CD4 T cells 
D. Recipient CD8 T cells 
E. Donor antigen presenting cells 

 
 

2. [Original Question] A 30 – year old male presents with a febrile infection 2 weeks after 
returning from a trip to Vietnam. He does not recall having had any diarrhea. He reports that 
during his trip, he did not consistently have access to bottled water. Which of the following 
pathogens would you consider most highly as a cause of the patient’s infection? 
a. Salmonella typhimurium 
b. Vibrio cholerae 
c. Giardia intestinalis 
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d. Salmonella typhi 
e. Cyclospora spp.  

 
 

[revised question] A 30-year old man presents to clinic with a fever worsening past few days. He 
returned from a trip to Vietnam 2 weeks ago. He reports that he did not have access to bottled 
water. He has no diarrhea. On physical exams, his temperature is 104F and has a rash on lower trunk. 
All other vitals are within normal range. Which of the following pathogen most likely causes this 
patients symptom? 
A. Salmonella typhimurium 
B. Vibrio cholerae 
C. Giardia intestinalis 
*D. Salmonella typhi 
E. Cyclospora spp 

 
3. [Original Question] An individual is having their blood type tested to be considered to be on the 

tissue transplantation list. Their agglutination test results return as showing agglutination with 
anti-B serum but no agglutination with anti-A serum. If this individual were to require a blood 
transfusion in the future, which of the following blood types could they be given? 
A. Bombay blood 
B. Type A blood 
* C. Type B blood 
D. Type AB blood 

 
 
[revised question] A 30-year-old man in a car accident is brought to emergency department requiring 
a blood transfusion. Blood is sent to the lab for blood typing. Agglutination test is positive with anti-B 
serum but no agglutination with anti-A serum. Which of the following blood type is the best choice of 
packed red blood cells for this patient? 
A. Bombay blood 
B. Type A blood 
* C. Type B blood 
D. Type AB blood 
 

 
4. [Original question] A 6-year old boy presents with a two-day history of bloody diarrhea after 

eating an undercooked hamburger at a fast-food restaurant. Which organ could be damaged as a 
result of this infection? 
a. Heart 
b. Brain 
c. Thymus 
d. Kidney 
e. Liver 

 
 

[revised question] A 6-year-old boy is brought to the ED by his parents because of concerns 
regarding reduced urination and pallor. The patient has a two-day history of bloody diarrhea after 
eating an undercooked hamburger at a fast food restaurant. On physical exam, the boy has mild 
fever (100°F), his abdomen to be slightly tender to touch and elevated heart rate (120 beats/min). 
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Laboratory analysis reveals low platelet count and positive hematuria and elevated serum creatinine 
and BUN. Which of the following best describes the mechanism of action of the toxin associated with 
the most likely causative organism? 
 
A. Enhanced production of cAMP 
B. Inhibition of eEF2 
C. Blocking acetylcholine release 
*D. Modification of ribosomal RNA 
E. Remodeling actin 
 

5. [Original question] Adele, one of your patients came into your office approximately 3 weeks ago 
at which time you diagnosed her with strep throat. You gave her antibiotics to clear her infection, 
but she was not compliant in taking the medication until her prescription was over. She is most 
likely at risk for developing which type(s) of hypersensitivity? 
a. Type I 
b. Type II 
c. Type III 
d. Type IV 
e. Type II and Type III 

 
 

[Revised questions] A 30-year-old woman visits her primary care physician due to difficulty in 
breathing walking up stairs in the past couple months. The patient recalls getting sick a lot as a child 
and having several episodes of sore throat followed by rash, fever, and joint pain at times. On 
physical exam, there is a holosystolic murmur at apex at auscultation. Chest X-ray shows an enlarged 
cardiac silhouette and pulmonary edema. Which of the following type of hypersensitivity is the 
patient most likely experiencing? 

 
A. Type I  
* B. Type II 
C. Type III 
D. Type IV 

 
 

6. [Original question] What do the immune response against poison ivy and the desensitization of a 
patient to particular antigen by way of allergy shots have in common? 
a. Both stimulate a Th1 response thereby releasing IFN-gamma 
b. Both stimulate a Th2 response thereby releasing IL-4 
c. Both immune responses occur as a result of a modified self-antigen 
d. Both immune responses function to inhibit the production of IgE 
e. Both immune responses can result in anaphylactic shock 

 
 

[Revised question] 
A 10-year-old boy is brought by his parents to doctor’s office due to a very itchy rash in right lower 
leg that parents noticed last night. His parents report that the family went to hiking in a wooded area 
2 days ago. They state that there is no change in diet or clothing, or bedding for the boy that they are 
aware of. On physical examination, the physician notes erythematous papules and vesicles filled with 
clear fluid in a linear pattern on the right leg. The boy does not have any fever, other physical exam 

Commented [yc1]: I don’t think that the exact 
mechanisms of desensitization in allergy has been settled. 
Some argue that it is induction of Th1 response, but some 
would argue that it is due to production of T reg. So I am not 
sure whether this question is valid.  
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results are unremarkable, and all vital signs are within normal range. The physician suspects a type of 
hypersensitivity reaction. Activation of which of the following is most likely mechanism for the type 
of hypersensitivity this patient is experiencing? 
 
*A. Th1 to release IFN-g 
B. Th2 to release IL-4 
C. Mast cells to degranulate their content 
D. Treg to release IL-10 
E. Complement system to release anaphylatoxin 

 
7. [Original question] A 15-year-old girl presented with symptoms of pneumonia that were 

confirmed by chest X-ray. Her physician treated the infection presumptively with amoxicillin. 
Five days later, the patient’s symptoms had not improved, and a sputum culture returned a result 
of Mycoplasma pneumoniae. Which statement best explains the reason for treatment failure? 
a. The causative organism produces beta-lactamase 
b. The causative organism does not produce peptidoglycan 
c. The causative organism encoded an efflux pump that prevents accumulation of amoxicillin in 

the bacterial cell 
d. {I am missing distractor d – need to double check the original question list} 
 

 
[ revised question] A 15 year old girl presents to her pediatrician with sore throat, fatigue, dry cough and shortness of 
breath. Five days prior, she had presented with similar symptoms for which her physician empirically prescribed amoxicillin. 
Physical exam reveals scattered crackles on chest auscultation. Chest X-ray shows thickened bronchial shadow and 
interstitial infiltrate. Sputum culture grew Mycoplasma pneumoniae. Which of the following is the most likely reason that the 
initial therapy was ineffective against the causative organism? 
 

 
A. Production of beta-lactamase 
B. Lack of production of peptidoglycan * 
C. Effluent pump preventing accumulation of the antibiotic 
D. Altered binding site of the antibiotic 

  
 
Tim Bauler - Exam questions 
 
A 33-year-old man presents with a painless growth on his back that had been 
developing over the past 3 years (see images A and B). It started as a small 

Commented [yc2]: Can we just show the X-ray without 
describing.  
Like “ Chest X-ray result is shown below” 

Commented [yc3]: Do we need clinical vignette, if we 
state what causative organism is here?  
 
If we show X-ray film here, is it enough to make the 
diagnosis of walking pneumoniae, without having the name 
of causative organism given? 
 
What about, instead of stating the causative organism as 
mycoplasma penumoniae, showing them the picture of 
organism. 
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papule and grew slowly. He was diagnosed type II diabetes mellitus a year ago 
and is being treated. He has worked in landscaping for the past 5 years. An 
incisional biopsy from the lesion shows a mixed inflammatory infiltrate with 
granulomas and microabscesses. A fragment of the skin lesion was cultured 
and stained (see image C). What is the most likely microbial cause of this 
lesion? 
 
a) Candida albicans   
b) Staphylococcus aureus   
c) Aspergillus fumigatus   
d) Sporothrix schenckii   
e) Microsporium   
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A 13-month-old recent immigrant from Syria is admitted to the pediatrics floor with sepsis, and 
his blood cultures grow methicillin-sensitive Staphylococcus aureus. The family explains the 
boy was hospitalized twice in Syria with serious bacterial infections, but cannot give you any 
further details. The CBC/differential is notable for reduced white blood cells as a result of 
lymphocyte numbers significantly below the normal range. Immunophenotyping shows 
reduced numbers of CD3+ and CD56+ cells, but normal numbers of CD20+ cells. Which gene 
do you suspect is mutated in this patient? 

    
a) CD3 epsilon   

b) Adenosine deaminase   

c) RAG2   

d) IL-2 receptor common gamma chain   

e) WASp   

f) TAP1   
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While examining an 18-year-old male patient with an obvious herpes cold sore near his lip, you 
accidentally brush your (ungloved) finger up against the cold sore. Although you think nothing of 
it at the time, a few hours later you realize your fingers are dry and cracked and you're 
concerned about an exposure. You recall the patient's serology is HSV-1 negative but HSV-2 
positive. Assuming this is your only exposure to Herpes Simplex Virus, what location do you 
need to monitor for the development of herpes blisters? 

    
a) Your lip   

b) Your genitals   

c) Your finger   

d) Your eye   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 46-year-old man presents at the emergency department with a headache and myalgia of 5 
days duration. His wife brought him in today because this morning she noticed a subtle difficulty 
in walking accompanied by changes in his behavior, notably increased detachment and 
difficulty concentrating. Physical examination is notable for a temperature of 102.3oF and 
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palpable posterior cervical lymph nodes. The man notes the headache and myalgia have 
occurred “on and off” since immigrating to the U.S. from Tanzania six months ago. An HIV test 
performed one year ago was negative, he denies IV drug use, and assures you he is faithful to his wife. 
Which infectious agent is most likely responsible for this patient's symptoms? 

    
a) Cryptococcus gattii   

b) Trypanosoma brucei   

c) Naegleria fowleri   

d) Polio virus   

e) Herpes simplex virus -1   

f) JC virus   
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A 40-year-old female research technician was maintaining an aquarium containing hundreds of 
Biomphalaria glabrata snails infected with Schistosoma mansoni. Mistakenly thinking the population 
of snails in the aquarium were non-shedding, she did not wear protective clothing while submerging 
her arms into the water.  Severe itching of her arms five minutes later caused her to realize her 
mistake.  Within hours, she presents in your office, where a physical examination reveals several 
papules.  What is the most likely diagnosis? 
a) Cercarial dermatitis   
b) Cutaneous leishmaniasis   
c) Tinea versicolor   
d) Tinea corporis   
e) Cutaneous larva migrans   
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Multiple Choice Questions-LSOM UT Health San Antonio 
 
Q: A 25-year-old woman has been taking prednisone daily for control of her rheumatoid arthritis. She asks 
her physician about the potential side effects of this medication. Which of the following is most likely to 
result from chronic use of systemic steroids? 
A: Renal insufficiency 
* B: Insulin resistance 
C: Low platelet count 
D: Bronchoconstriction 
 
 
Q: In cells that participate in adaptive immune responses, which of the following is a major result of somatic 
hypermutation? 
A: Deletion of self-reactive lymphocytes 
B: Diversification of the T cell receptor specificity repertoire 
C: Generation of multiple classes of antibody heavy chains 
* D: Increased affinity of some antibodies produced by B cells 
 
Q: A 32-year-old man complains of severely irritated skin. Tissue biopsies probed with a fluorescein tagged 
goat antibody against human lgG stain positive. Immunofluorescence data ruled out an immune complex 
disease. Which of the following is the most likely diagnosis? 
 
A: Acute idiopathic polyneuritis 
B: Addison's disease 
C: Goodpasture's syndrome 
* D: Pemphigus vulgaris 
E: Sjogren's syndrome 
 
 
 
Q: An otherwise healthy 45-year-old man reports a 3-week history of progressive epigastric heartburn and a 
10 pound weight loss. Endoscopy shows a bleeding 3-cm ulcer in the antrum of the stomach. The gram stain 
of a biopsy specimen of gastric mucosa from just adjacent to the ulcer is shown in the attached image. Which 
of the following processes is most likely to be the underlying cause of the ulcer? 
* A: Elaboration of proteases and urease 
B: Hyperacidity 
C: Ingestion of preformed toxins in contaminated water 
D: Spirochete invasion of gastric cells 
 
Q: A 23-year-old heterosexual man with multiple sex partners has dysuria and a yellow urethral exudate. 
Gram stain of the exudate shows numerous neutrophils, many of which contain gram-negative diplococci. He 
has had three similar episodes of urethritis over the past two years. Which of the following properties of the 
infecting organism best explains the reinfection? 
* A: Antigenic variation 
B: Catalase production 
C: Inhibition of B-lymphocyte function 
D: Inhibition of T-lymphocyte function 
E: Polysaccharide capsule 
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1. A 15-year old female previously in good health developed "flu", with fever, frontal headache, 
intense generalized muscular aching, and an intermittent non-productive cough. Lab tests 
performed in the urgent care clinic indicated influenza. Over the next 5 days she slowly 
improved, using symptomatic measures such as aspirin, fluids, and bed rest. On day 7, she 
suddenly experienced severe right-sided pleuritic chest pain, a sharp rise in fever to 104ºF 
(40ºC), a marked increase in cough, and increasing breathlessness. Her housemate brought 
her to the Emergency Room where she appeared acutely ill, tachypneic, and cyanotic, and 
was noted to be coughing up traces of purulent sputum. Pulse and respiration rate were 
elevated. Chest X-ray revealed a nondescript density in the right lower lung. A Gram stain of 
the sputum showed numerous Gram positive diplococci which were subsequently identified 
as Streptococcus pneumoniae. The reservoir for the infectious agent in this case is most 
likely: 
A.  other patients at the urgent care facility. 
B.  the aspirin she took. 
C.  the fluids she drank.  
D.  the patient’s housemate.  
E.  the patient’s normal microbiota. @@@ 

 
2. A 3 week old female infant is brought to the ED with a 3 day history of cough which had 

progressed to the infant choking, gasping for breath and turning red. The coughing episodes 
were occasionally followed by vomiting. Physical exam showed highly elevated pulse and 
respiratory rate. A chest X-ray showed no infiltrates. White blood cell count was 17,000 per 
ml with 75% lymphocytes. The infant eventually required ventilation. Which of the 
following toxins was most likely directly responsible for the infant’s symptoms?   
A.  endotoxin  
B.  exotoxin A 
C.  pertussis toxin @@@ 
D.  pneumolysin 
E.  toxic shock syndrome toxin 

 
3. A 35-y.o. female presents with a swollen, hot, tender elbow, as well as a low grade fever. 

There is no history of trauma or injury to the joint. Culture of an aspirate of the fluid in the 
joint shows growth on chocolate agar, but no growth on blood or MacConkey agars. You 
suspect gonococcal arthritis. Which of the following results confirms your suspicion?  

 A.  Gram-negative cocci, oxidase negative, catalase positive 
 B.   Gram-negative cocci, oxidase positive, catalase positive @@@ 
 C.   Gram-negative rods, oxidase positive, catalase positive 
 D.  Gram-positive cocci, catalase negative, optichin sensitive 
 E.   Gram-positive cocci, catalase positive, coagulase positive 
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4. A 53-y.o. male patient hospitalized for several days for spinal column surgery complains of 
an unusual urgency to urinate and pain with urination. His chart shows he had been 
catheterized until yesterday. Culture of the urine grows colonies that are white on 
MacConkey agar, greenish-blue on TSA (tryptic soy agar) and are oxidase positive. What is 
the most likely cause of his UTI? 

 A.  Chlamydia trachomatis   
 B.  Escherichia coli 
 C.   Enterococcus faecalis 
 D.  Neisseria gonorrhoeae 
 E.   Pseudomonas aeruginosa @@@ 
 
5. A 22-y.o. male presents with a three day history of burning with urination and a watery 

urethral discharge. He has been sexually active with two partners in the last month and uses 
condoms sometimes, but not always. A Gram stain of the discharge shows PMNs, but no 
bacteria. Plating of the discharge on Thayer-Martin agar showed no growth. Which of the 
following bacterial products did he acquire from one his partners?  

 A.  elementary bodies @@@ 
 B.   exotoxin 
 C.   reticulate bodies 
 D.  spores 
 E.   vegetative cells 
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MCQ questions - Cole – Georgetown University School of Medicine 
 
During the initial evaluation of a new patient in need of a kidney transplant, her serum is tested in a cross 
match assay with her husband's lymphocytes and is found to have antibody specific for his HLA antigens. The 
most likely explanation for the patient's sensitization to HLA antigens is? 

✓A. The patient and her husband have children  
B. The patient has underlying auto antibodies  
C. The patient has naturally occurring antibody 
D. The patient and her husband are ABO incompatible 
E. The patient has had a prior bone marrow transplant 

 
A newborn infant presents with hypocalcemic tetany, prominent oral thrush from which Candida albicans is 
isolated, a prominent systolic cardiac murmur and low numbers of CD4+ T lymphocytes. The MOST LIKELY 
diagnosis is: 

A. X-linked agammaglobulinemia 
B. Leukocyte adhesion deficiency (LAD) 

✓C. Di George syndrome 
D. Chronic granulomatous disease (CGD) 
E. C3 complement deficiency 

 
Innate lymphoid cells (ILCs) are effector cells that generally reside in barrier epithelia. These cells produce 
their effector molecules following stimulation by: 

A. Microbe-associated molecular patterns that stimulate pattern recognition receptors on ILCs 
B. TNF-α, which is produced during the inflammatory response 
C. Acute phase response proteins produced in the liver during an infection 

✓D. Cytokines made by sentinal cells, such as macrophages, dendritic cells or epithelial cells 
E. Antimicrobial peptides made by epithelial cells in response to infection 
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Proteins found in the circulation travel throughout the body, including the thymus. One example is serum 
albumin. Developing T cells with T-cell receptors specific for peptides of human serum albumin bound to 
MHC class II molecules would likely be: 

A. Positively selected and would mature into CD4+ T cells 
B. Positively selected and would mature into CD8+ T cells 

✓C. Negatively selected in the thymus and deleted from the mature repertoire 
D. Targeted for peripheral mechanisms of self-tolerance after emigrating from the thymus 
E. Excluded from the T cell zones of the spleen after emigrating from the thymus 

 
A mouse is infected with staphylococci through a laceration in the skin of its paw. Dendritic cells are isolated 
from the tissue at the site of infection, and incubated together with naïve staphylococcus-specific CD4+ T 
cells. Seventy-two hours later, proliferation of the CD4+ T cells is measured as a readout for T cell activation. 
Surprisingly, the T cell response is quite poor compared to the response observed when the same T cells are 
incudbated with a comparable number of dendritic cells isolated from the draining lymph node of the 
infected mouse. A comparison of the dendritic cells isolated from the two different sites would reveal: 

✓A. Much higher levels of MHC and B7 molecules on the lymph node dendritic cells than those from the 
infected tissue  

B. Much higher expression of all TLRs in the lymph node dendritic cells than those from the infected 
tissue 

C. An increased number of MHC class II molecules bearing bacterial peptides on the surface of dendritic 
cells from the infected tissue than on those from the lymph node 

D. Increased phagocytic activity of the lymph node dendritic cells than those from the infected tissue 
E. Increased expression of Dectin-1, and DC-SIGN on the lymph node dendritic cells than on those from 

the infected tissue 
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Michael Fennewald Conference Questions 
 
1. A 45 year-old woman presents with back pain. During the last six months, she has lost 20 pounds in 

body weight and now weighs 150 pounds. She says she occasionally has night sweats and 
sometimes a fever but no cough, dyspnea, diarrhea or other GI complaints. She emigrated from 
Mexico five years ago and works as an agricultural laborer doing a variety of farm jobs. She also 
did the same in Mexico. Physical exam is normal except for tenderness at L1 to L2. Vital signs are 
normal and the only lab chemistry that is abnormal is an ESR of 67. What are the TWO MOST 
LIKELY organisms causing this patient's disease? 
A.  Bacillus anthracis and Yersinia pestis 
B.  Coxiella burnetii and Ehrlichia 
*C.  Brucella and Mycobacterium tuberculosis 
D.  VZV and Smallpox viruses 
E.  Ebola and Marburg viruses 

 
2. A 25 year-old man is evaluated in follow-up after HIV testing. He states he has sex with other men 

and usually uses condoms. He had a negative HIV test result 1 year ago. He feels well today but 
reports having a flulike illness last week with mild fever, headache, myalgias, and fatigue; these 
symptoms have resolved. Medical history is unremarkable for sexually transmitted or other 
infections. Other than taking over-the-counter ibuprofen last week, he takes no medications. 
On physical examination, he is afebrile and has small palpable anterior and posterior cervical, 
axillary, and inguinal lymph nodes. The remainder of the exam is normal. 
HIV-1/2 antigen/antibody combination immunoassay is reactive. Result of an HIV-1/HIV-2 
antibody differentiation immunoassay is negative for HIV-1 and HIV-2. Result of an HIV-1 nucleic 
acid amplification testing is positive, with 51,455 copies/mL. Which of the following is the most 
appropriate next step in management? 
A.  Repeat HIV-1/HIV-2 antibody differentiation immunoassay in 6 weeks 
B.  Saliva rapid HIV testing 
*C.  C D 4  T-cell subset testing 
D.  Western blot HIV-1 antibody testing 

 
3. A pregnant woman who is HBsAg and HBeAg positive is about to deliver. What is the BEST way to 

prevent the baby from getting HBV? 
A.  Give the baby interferon and ribavirin 
B.  Give the baby the HBV vaccine only 
C.  Give the baby anti-serum to HBV only 
*D.  Give the baby the anti-serum and vaccine to HBV 
E.  Give the baby ribavirin 

4. A 45 year-old woman in apparent good health is found to have slightly elevated serum liver enzymes 
during an annual physical exam. Follow-up investigation revealed antibodies to HCV. What test 
could be done to DISTINGUISH between current infection and previous infection with full 
recovery? 
A.  Viral culture 
B.  ELISA 
C.  Western blot 
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*D.  RT-PCR 
E.  Indirect fluorescent antibody 

 
 
5. Members of a heavy metal rock band all get diarrhea two (2) weeks after they get a snake for their act. 

Which is the most likely organism causing this disease? 
A.  Yersinia enterocolitica 
B.  Entamoeba histolytica 
C.  Clostridium botulinum 
D.  Clostridium perfringens 
E.  Shigella sonnei 
F.   Helicobacter pylori 
*G.  Non-typhoidal Salmonella 
H.  Pseudomonas aeruginosa 
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MS1 Unit 1 Exam 
 

Your patient presents with a productive cough, and you order a Gram stain on his 
sputum. What is the function of safranin in the Gram Staining procedure? 

Seq Answer Choice Correct Lock 

a) It permanently binds the crystal violet 
stain to Gram (+) bacteria.   

b) It stains bacterial cell membranes 
bright blue.   

c) It stains bacterial flagella dark purple. 
  

d) It stains Gram (-) bacteria pink.   

 
 
Rev  Attempted  Right  Wrong  Unattempted  Difficulty  Pt Biserial 

(Rev)  
Pt Biserial 
(Item)  

Not 
Evaluated  

Dist A  Dist B  Dist C  Dist D  Omitted  

1 167 161 6 0 0.96 0.09 0.09 0 5 0 1 161 0 
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MS1 Unit 1 Exam 
 

During a routine prenatal exam, you review the dangers of Listeria with your 
patient. The ActA protein of Listeria monocytogenes, used for actin-based intracellular 
motility, would be best described by which term? 

Seq Answer Choice Correct Lock 

a) Adhesin 
  

b) Endotoxin 
  

c) Exotoxin 
  

d) Virulence 
factor 

  

 
 
Rev  Attempted  Right  Wrong  Unattempted  Difficulty  Pt Biserial 

(Rev)  
Pt Biserial 
(Item)  

Not 
Evaluated  

Dist A  Dist B  Dist C  Dist D  Omitted  

1 167 162 5 0 0.97 0.07 0.07 0 1 1 3 162 0 

2 167 160 7 0 0.96 0.07 0.07 0 4 0 3 160 0 
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MS2 Unit 4 Exam 
 

Your 45-year-old patient is previously-healthy and fully-vaccinated. He presents with 
cough, fever, and moderate malaise of 10d duration. When asked why he did not seek 
care sooner, he replies, "I thought it was just a virus since I didn't feel that sick, and my 
wife recently had similar symptoms and she didn't need a prescription". 
On exam, he appears pale, with moderate fever and frequent coughing. Abnormal 
breath sounds (ronchi and rales) lead you to order a chest X-ray, which unambiguously 
reveals pneumonia. After confirming that he has no drug allergies, you prescribe: 

Seq Answer Choice Correct Lock 

a) Tetracycline 
  

b) Amoxicillin 
  

c) Penicillin G 
  

d) Cephalosporin 
  

 
 
Rev  Attempted  Right  Wrong  Unattempted  Difficulty  Pt Biserial 

(Rev)  
Pt Biserial 
(Item)  

Not 
Evaluated  

Dist A  Dist B  Dist C  Dist D  Omitted  

3 154 74 80 0 0.48 0.33 0.33 0 74 25 19 36 0 
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MS2 Unit 4 Exam 
 

Your fully-vaccinated 18-year-old patient was recently discharged from the hospital, 
having recovered from an episode caused by her cystic-fibrosis-related-diabetes. She 
has now, one week later, returned to the emergency department with a high fever and 
difficulty breathing. You admit her and begin intravenous amoxicillin, but 24hrs later 
when her sputum culture results come back, her condition has not improved. What 
result do you expect from her routine overnight sputum culture? 

Seq Answer Choice Correct Lock 

a) Positive for 
Pseudomonas/Burkholderia   

b) Positive for Pneumococcus 
  

c) Positive for Legionella 
  

d) No growth 
  

 
 
Rev  Attempted  Right  Wrong  Unattempted  Difficulty  Pt Biserial 

(Rev)  
Pt Biserial 
(Item)  

Not 
Evaluated  

Dist A  Dist B  Dist C  Dist D  Omitted  

2 151 144 7 0 0.95 0.24 0.24 0 144 3 2 2 0 
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MS2  Unit 6 Quiz 
 

Human influenza virus is known to participate in genetic reassortment when exposed 
to animal orthomyxoviruses. Which of the following viruses is most likely to undergo a 
similar process? 

Seq Answer Choice Correct Lock 

a) Norovirus 
  

b) Hepatitis B 
virus   

c) Rotavirus 
  

d) Hepatitis C 
virus   

 
 
Rev  Attempted  Right  Wrong  Unattempted  Difficulty  Pt Biserial 

(Rev)  
Pt Biserial 
(Item)  

Not 
Evaluated  

Dist A  Dist B  Dist C  Dist D  Omitted  

1 316 211 105 0 0.67 0.34 0.35 0 22 11 211 72 0 

2 147 102 45 0 0.69 0.36 0.35 0 14 10 102 21 0 
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A 38-year-old man from Arizona presents with high fever and grossly enlarged, painful axillary and 
inguinal lymph nodes.  He quickly deteriorates and black necrotic tissue is noted on his hands and 
feet.  He dies within 24 hours of septic shock.  Culture indicates a bacterium that is positive for 
coagulase.  What is the most likely mode of transmission?   
 

A. Bacterial dissemination from a soft tissue infection 
B. Bite from a flea 
C. Ingestion of contaminated food 
D. Inhalation of water aerosols 
E. Inhalation of spores 

 
Rationale:  The most likely etiological agent is Yersinia pestis which is transmitted from the bite from 
a flea (bubonic plague).   
Learning Objective:  Explain how these bacteria are transmitted and identify at-risk populations.  
Identify the etiological agent given a disease presentation and/or laboratory findings. 
 
 
 
An HIV-positive woman delivers a full-term baby but has not consistently taken her prescribed 
antiretroviral therapy throughout her pregnancy.  Which of the following tests should be ordered to 
determine the newborn’s HIV status? 

A. Antibody differentiation immunoassay 
B. Antigen/antibody combination immunoassay 
C. CD4 blood count 
D. PCR 
E. Western blot analysis 

Rationale:  PCR is the best test to utilize in this case since the mother will have transferred anti-HIV 
IgG to the baby during pregnancy, rendering all tests designed to detect antibody not useful 
(antibody differentiation immunoassay, antigen/antibody combination immunoassay and western blot 
analysis).  Generally, for detection of virus, PCR is used to detect the provirus to determine HIV 
status.  RT-PCR is used more to determine viral load which can be beneficial in monitoring treatment 
efficacy.  A CD4 blood count will not be helpful in determining HIV positivity; people vary greatly in 
their starting CD4 counts.  This is more helpful for tracking efficacy of retroviral therapy and 
diagnosing a patient with AIDS once the CD4 count reaches 200 cells/mm3.  
Learning Objective:  Determine the proper laboratory diagnostic tools for HIV infection.  
AACOM competency:  III.3; OMED 524: 11 
Bloom Level:  Remembering 
A 6-year-old boy presents to a hospital in Ethiopia with a distended abdomen, muscle atrophy, 
general weakness and fatigue.  He has a history of recurrent fever with chills for the past 3 months.  
Serological tests reveal a WBC of 2500/ul and high titers of IgG.  Blood smear reveals amastigotes 
inside macrophages.  Which of the following vectors is responsible for transmitting this infection?   

A. Mosquito 
B. Reduviid bug 
C. Sandfly 
D. Tick 
E. Tsetse fly 
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Rationale:  Given the patient’s geographical region and clinical findings especially the presence of 
amastigotes within macrophages (Leishman-Donovan bodies) from a blood sample, visceral 
leishmaniasis is the definitive diagnosis.  Therefore, the vector responsible is the phlebotomine, 
sandfly which transmits protozoan parasite. Leishmania spp.     
Learning Objective(s):  Identify the etiological parasite given clinical manifestations, associated 
geography, laboratory tests and/or histological sections. Outline the route of transmission and life 
cycle of each parasite.  
AACOM competency:  II.1; OMED 650: 3 
Bloom Level:  Applying 
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A 26-year-old surfer instructor from North Carolina presents with an extremely itchy, red, raised, 
irregular lesion on his hallux.  (See image below).  Which of the following organisms most likely 
caused this disease?  (There are six answer choices). 

 
A. Ancylostoma braziliense 
B. Toxocara canis 
C. Brugia malayi 
D. Dracunculus medinensis 
E. Trichophyton rubrum 
F. Epidermophyton floccosum 

Rationale:  Given the patient’s geographical region, occupation (walks barefoot in sandy, moist soil 
frequently) and clinical findings, particularly the irregular lesion on the toe, the diagnosis is 
cutaneous larva migrans caused most likely by Ancylostoma braziliense (dog/cat hookworm).  It is 
not presenting as a typical fungal infection such as athlete’s foot which eliminates T. rubrum and E. 
floccusum.  T. canis causes visceral and ocular toxocariasis and does not present typically with 
cutaneous manisfestations.  B. malayi causes lymphatic filariasis/elephantiasis.  D. medinensis is 
highly unlikely given the rarity and geography of this organism and disease.   
Learning Objective(s):  Identify the etiological parasite given clinical manifestations, associated 
geography, laboratory tests and/or histological sections.   
AACOM competency:  II.1; OMED 650: 3 
Bloom Level:  Understanding 
 
 
 
 
A 3-year-old boy from Georgia presents with fever, wheezing, coughing and abdominal pain.  Serum 
IgE levels, eosinophil counts, and liver enzymes are elevated.  Liver biopsy reveals diffuse 
eosinophilic granulomas.  The father reports that the boy often plays in the sandbox at the local park.  
Which of the following is the most likely etiological agent?       

A. Ancylostoma caninum 
B. Microsporum canis 
C. Sporothrix schenckii 
D. Toxocara canis 
E. Toxoplasma gondii 

Rationale:  Given the patient’s geographical region and clinical findings, the most likely diagnosis is 
visceral toxocariasis.  Transmission of Toxocara canis occurs when eggs deposited in the stool of 
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canines are ingested.  Soil/dirt contaminated in a public park by T. canis is highly likely especially in 
the southeast U.S. where conditions are particularly amenable to this parasite. 
Learning Objective(s):  Identify the etiological parasite given clinical manifestations, associated 
geography, laboratory tests and/or histological sections.  Outline the route of transmission and life 
cycle of each parasite.  
AACOM competency:  II.1; OMED 650: 3 
Bloom Level:  Applying 
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Sample Immunology Practice Questions for AMSMIC 2018 
1. Prior to your patient undergoing a transplant procedure, you collect a peripheral blood sample from 
both your patient (the recipient) and the donor. Upon mixing the two blood samples, you note a 
positive result from mixed lymphocyte reaction (MLR). Assuming this is a one-way MLR, what does the 
result from this test suggest?  

a. It suggests that your patient has pre-existing circulating alloreactive antibodies. 
b. It suggests that your patient has circulating alloreactive dendritic cells. 
c. It suggests that your patient has circulating alloreactive T cells. 
d. It suggests that your patient has pre-existing circulating autoreactive antibodies. 
e. It suggests that your patient has circulating autoreactive T cells. 

 
2. An individual is having their blood type tested to be considered to be on the tissue transplantation list. 
Their agglutination test results return as showing agglutination with anti-B serum but no agglutination with 
anti-A serum. If this individual were to require a blood transfusion in the future, which of the following blood 
types could they be given? 
 a. Bombay blood 

b. Type A blood 
c. Type B blood 
d. Type AB blood 

 
3. Adele, one of your patient’s, came into your office approximately 3 weeks ago at which time you 
diagnosed her with strep throat. You gave her antibiotics to clear her infection but she was not compliant in 
taking the medication until her prescription was over. She is most likely at risk for developing which type(s) of 
hypersensitivity? 

A.  Type I 
B.  Type II 
C.  Type III 
D.  Type IV 
E.  Type II and Type III 

 
4. What do the immune response against poison ivy and the desensitization of a patient to particular antigen 
by way of allergy shots have in common? 

A.  Both stimulate a Th1 response thereby releasing IFN-γ 
B.  Both stimulate a Th2 response thereby releasing IL-4 
C.  Both immune responses occur as a result of a modified self-antigen 
D. Both immune responses function to inhibit the production of IgE 
E.  Both immune responses can result in anaphylactic shock 

 
5. What would you expect the consequence to be in a patient who lacked, or had a mutation, in AIRE? 

a. Their T cells could not be anergized 
b. They would have less self-antigens in the thymus 
c. Their B cells could not undergo receptor editing 
d. They would have few, if any, mature T cells 
e. Their B cells would not undergo activation-induced cell death 
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Questions submitted by Ken S. Rosenthal 
The questions are grouped to indicate that multiple questions can be written from the same vignette stem.  

Also, if there is a list of detail for the possible answers, tabular format is helpful.  
 
 
 
A 42-year-old man was brought to the emergency department in a state of confusion. He was hypotensive 
with a high fever and a rash consisting of small, red, non-blanchable dots and large black and blue-like skin 
lesions on his hands, legs and elsewhere. Twisting his head was painful. Treatment with ampicillin eventually 
cured him but there was an initial exacerbation of symptoms due to release of bacterial components. 
1. Which of the following groups of cytokines would trigger the exacerbation of symptoms? 

 A. IL-1, IL-6, TNF-alpha* 
B. IL-2, IL-4, interferon gamma 
C. IL-2, IL4, IL-6 
D. Interferon alpha, IL-2, TGF beta 
E. Interferon beta, IL-1, IL-4 

2.  Which bacterial component is primarily responsible for causing the rash?  
A. Capsule 
B. Exfoliative toxin 
C. Lipooligosaccharide* 
D. Peptidoglycan 
E. Toxic shock syndrome toxin 
 

 
A 42-year-old man was brought to the emergency department in a state of confusion. Twisting his head was 
painful. Gram positive football shaped diplococci were isolated from the CSF.   
1. What is the major virulence factor of this bacteria? 

A. Capsule* 
B. Coagulase  
C. Endotoxin 
D. Intracellular growth 
E. M protein 

2. Which of the following predisposing conditions would increase the risk for this outcome from this 
infection? 

A. Asplenia * 
B. C-8 complement deficiency 
C. corticosteroid dexamethasone 
D. Cyclosporine treatment 
E. NK cell deficit 

3. What type of vaccine formulation should this man have received to prevent the disease? 
A. Conjugated polysaccharide* 
B. Inactivated whole cell 
C. Live-attenuated 
D. Protein subunit 
E. Toxoid 
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A 2-week-old infant who was not eating well had a fever and was lethargic developed convulsions 
and nuchal rigidity.  A gram negative lactose negative bacillus was isolated from the blood and CSF.   
Which bacteria is responsible for the baby’s illness? 
A. Escherichia coli* 
B. Haemophilus influenza B 
C. Listeria monocytogenes 
D. Pseudomonas aeruginosa 
E. Streptococcus pneumoniae 

 
 
A 67-year-old man under treatment with prednisone, methotrexate and etanercept for rheumatoid 
arthritis was seen due to decreased consciousness and lethargy. He had fever, stiff neck and was 
hypotensive.  Blood and CSF grew small gram positive rods that were cold tolerant.   
1. Which bacteria is responsible for the man’s illness? 
A. Escherichia coli 
B. Haemophilus influenza B 
C. Listeria monocytogenes* 
D. Pseudomonas aeruginosa 
E. Streptococcus pneumonia 

 
 2. What is the major means of spread for adult infections by these bacteria? 

A. Airborne 
B. Fomites 
C. Food* 
D. Sex 
E. Water 

 
 
 

A 12-year-old boy who emigrated to the United States within the past week from Ethiopia complains 
of headache, high fever, nausea, and pain when trying to turn his head.  He has an aversion to bright 
lights and appears to have bilateral parotitis.  A microorganism was not isolated from either CSF or 
blood.   
Which of the following describes the structure of the infecting agent? 

A B C* D E F G H  I 
Gram 
negative 

Gram 
positive 

Enveloped Enveloped  Enveloped  Naked 
capsid 

Naked 
capsid 

Naked 
capsid 

Repetitive 
protein  

Bacteria Bacteria Negative 
strand  

Positive 
strand 

Encapsidated Double 
stranded 

Double 
stranded  

Positive 
strand 

subunits 

  RNA Virus RNA virus Double 
stranded 

DNA 
Virus 

RNA 
Virus 

RNA 
Virus 

 

    DNA Virus     
 
A 22-year-old HIV-positive man complains of weakness, depression and rapid weight loss. He also 
complains of double vision, loss of motor coordination and significant memory loss. During the exam 
he slipped in and out of lucidity.  MRI of the brain noted lesions limited to the parietal white matter.    
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His status continued to deteriorate and he died 3 months later. Autopsy showed demyelination, 
necrosis, astrocytosis and oligodendrocytes with nuclear inclusion bodies. 
Which of the following describes the structure of the virus causing the neuronal disease? 

A B C D E F* G H  I 
Gram 
negative 

Gram 
positive 

Enveloped Enveloped  Enveloped  Naked 
capsid 

Naked 
capsid 

Naked 
capsid 

Repetitive 
protein  

Bacteria Bacteria Negative 
strand  

Positive 
strand 

Encapsidated Double 
stranded 

Double 
stranded  

Positive 
strand 

subunits 

  RNA Virus RNA virus Double 
stranded 

DNA 
Virus 

RNA 
Virus 

RNA 
Virus 

 

    DNA Virus     
 

 

1. A 15 year old girl presented with symptoms of pneumonia that were confirmed by chest 
x-ray. Her physician treated the infection presumptively with amoxicillin. Five days later, 
the patient’s symptoms had not improved, and a sputum culture returned a result of 
Mycoplasma pneumoniae. Which statement best explains the reason for treatment 
failure? 

A. The causative organism produces beta-lactamase  

B. The causative organism does not produce peptidoglycan  

C. The causative organism carries point mutations inactivating the ribosomal binding site of amoxicillin  

D. The causative organism encodes an efflux pump that prevents accumulation of amoxicillin in the 
bacterial cell. 

 
 

Answer Key: B 
Correct Feedback: Mycoplasma pneumoniae is one of few bacterial organisms that does not produce 
peptidoglycan. Since amoxicillin, a beta lactam antibiotic, targets peptidoglycan synthesis, it cannot be 
effective against bacteria lacking peptidoglycan. 
 

2. A 6-year old boy presents with a two-day history of bloody diarrhea after eating an 
undercooked hamburger at a fast-food restaurant. Which organ could be damaged as a 
result of this infection? 

A. Heart  

B. Brain  

C. Thymus  

D. Kidney  

E. Liver  
 

Answer Key: D 
Correct Feedback: The presentation of bloody diarrhea and consumption of undercooked meat are both 
suggestive of enterohemorhagic E. coli. The Shiga toxin produced by this pathogen can disseminate 
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systemically and target the kidneys, leading to hemolytic-uremic syndrome. 
 

3. A 3 year old child presents with honey-crusted lesions around the nose and mouth. Gram-
positive bacteria are isolated. Which of the following tests would enable the clinical lab 
to distinguish between the two most likely causes of infection? 

A. Optochin test  

B. Serologic test  

C. KOH test  

D. Catalase test  

E. Lactose utilization  
 

Answer Key: D 
Correct Feedback: The description of the patient’s skin lesions is consistent with impetigo, which is most 
frequently caused by either Staphyloccus aureus or Group A Streptococcus. Staphyloccus is catalase-positive, 
whereas Streptococcus would be catalase-negative. 
Question                                                                                                                                               

          Single Correct -  point 
Remove | Edit 

4. A 30-year old male presents with a febrile infection 2 weeks after returning from a trip to 
Vietnam. He does not recall having had any diarrhea. He reports that during his trip, he 
did not consistently have access to bottled water. 
Which of the following pathogens would you consider most highly as a cause of the 
patient’s infection? 

A. Salmonella typhimurium  

B. Vibrio cholerae  

C. Giardia intestinalis  

D. Salmonella typhi  

E. Cyclospora spp.  
 

Answer Key: D 
Correct Feedback: While all of these pathogens could cause infections during travel, the one most likely to 
cause febrile infection in the absence of diarrhea is Salmonella typhi, the cause of typhoid fever. This infection 
can be transmitted via fecally contaminated water or via carriers who prepare food (“Typhoid Mary”). It is 
transmitted human-to-human, while the other infections can have animal or environmental reservoirs. 
 

5. A 30 year old engineer presented to the emergency department with high fever, myalgia, 
chills, abdominal pain and headache, and conjunctival suffusion. He had just returned a 
week ago from a two week visit in the Amazon, where he spent time canoeing and 
swimming in rivers. Blood smears for malaria and serologic tests for arboviruses were 
negative. Liver and kidney function tests showed elevated liver transaminases and 
elevated creatinine levels. Which of the following would you test for in this patient? 

15 1.0
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A. Leptospira interrogans  

B. Treponema pallidum  

C. Vibrio cholerae  

D. Salmonella typhimurium  

E. Trypanosoma cruzi  
 

Answer Key: A 
Correct Feedback: The patient has flu-like symptoms and impaired hepatic and renal 
function after a trip to a tropical area. This is a challenging diagnosis, however while 
Cholera, non-typhoidal Salmonella and T. cruzi are travel associated as well, the best fit 
to the patient’s clinical presentation is Leptospira. 
 

 
Tim Steele, Ph.D. – Immunology exam questions 
 
 
1.   You are treating an infant with a virus infection. There is no history of the child having been  infected 
previously with the virus. In addition, since there is no vaccine available to prevent this  specific virus 
infection, the child could not have been immunized. Innate immunity to eliminate  this virus infection 
would involve __________, whereas adaptive immunity would involve  _________. 
 
 A. complement / antibody production 
 B. fever generation / granuloma formation 
 C. interferon production / humoral immunity 
 *D. natural killer cells / cytotoxic T lymphocytes 
 E. phagocytic cells / cell-mediated immunity 
 
2.  A 31-year-old woman with a history of muscle weakness and difficulty swallowing recently  delivered a 7 
lb. infant. The newborn had respiratory difficulties and appeared limp. Within three  weeks the child’s 
symptoms subsided and the baby was sent home. The etiology of the disease in  the infant was maternal 
_________ and the diagnostic test was _________.  
 
 *A. anti-acetylcholine receptor IgG / serological identification of antibody 
 B. anti-thyroid IgG antibodies / serological identification of antibody 
 C. IgG against red blood cells / demonstration of IgG-coated red blood cells 
 D. IgG specific for type IV collagen / lung biopsy indicating pulmonary hemorrhage 
 E. T cells infiltrating the muscles / muscle biopsy demonstrating maternal T cells 
 
3.  A 34-year old agitated and nervous female presented with a two month history of weight loss and 
 sweating. Laboratory determination of serum T3 and T4 values were 5.3 nmol/L (normal range:  0.8-
2.4) and 53 nmol/L (normal range: 9-23), respectively. Circulating antibodies to a cellular  receptor on 
the affected organ were found by immunoassay. Which of the following diseases  describes this 
condition? 
 
 A. Goodpasture’s syndrome 
 *B. Grave’s disease 
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 C. Hashimoto’s thyroiditis 
 D. Polymyositis 
 E. Sjögren’s syndrome 
 
4.  A patient with a suspected immunodeficiency has low serum antibody levels of all  immunoglobulin 
classes and recurrent infections with extracellular bacteria.  Laboratory testing  reveals a complete absence 
of peripheral blood mature B lymphocytes. A bone marrow biopsy was  performed which demonstrated that 
early B cell lineage precursors were present. Which of the  following is the likely diagnosis? 
 
 A. Common variable immunodeficiency 
 B. DiGeorge syndrome 
 C. Myeloperoxidase deficiency 
 D. Leukocyte adhesion deficiency 
 *E. X-linked agammaglobulinemia 
 
5.  As a physician, you receive a laboratory report that shows that your patient has a congenital 
 immunodeficiency characterized by an over-production of IgM and an absence of immunoglobulin  of 
other isotypes. Which of the following molecular mechanisms accounts for this  immunodeficiency?  
 
 A. Mutated B cell tyrosine kinase gene 
 *B. Deficiency of CD40L on T lymphocytes 
 C. Defective WASP cytosolic protein 
 D. Defect in the beta chain of LFA-1 
 E. Mutations in the RAG1 and RAG2 genes 
 
1. Three members of four-person a duck hunting party are seen in the Emergency Room of a rural Mississippi 
hospital two days after returning from a four day trip to a hunting camp in the Mississippi Delta. All three 
complain of high fever, headache, muscle aches, runny nose, and cough. All three test positive for influenza A, 
even though all members of the party received influenza vaccination 6 weeks prior to leaving for the trip. The 
ER physician obtains blood from the three symptomatic patients (patients I- III), as well as the fourth, healthy 
member of the party (patient IV). Two weeks later, the four members of the hunting party return and blood is 
taken again. The physician ships the samples to a researcher studying influenza at St Jude Research Hospital in 
Memphis, who performs Hemagglutaination Inhibition assays to test for the presence of neutralizing anti-
influenza antibodies against a currently circulating human influenza virus (A/Memphis/71/2018 [H3N2]) and a 
newly isolated avian influenza virus (A/duck/Lefleur’s Bluff/1/2018 [H7N9]) in the serum of the four 
individuals (I-IV). The results are shown below. Which of the following statements is CORRECT? 
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A. None of the individuals show any evidence of antibody response to human H3N2 virus. 
B. None of the individuals show any evidence of antibody response to avian H7N9 virus. 
*C. Patients I-III show immune responses consistent with recent exposure to avian H7N9 virus. 
D. Patients IV shows no evidence of exposure to avian H7N9 virus. 
 
2. A patient who was found to be HCV antibody positive 12 years ago, and who has previously experienced 
treatment failure with Ribavirin plus PEG Interferon, is started on treatment with HarvoniÔ. Which of the 
following assays should be performed to monitor the effectiveness of treatment? 
A. Enzyme-linked immunosorbent assay (ELISA) 
B. Plaque assay 
*C. RT-PCR 
D. Western blot 
E. Viral genome sequencing 
3. A 34-year-old male cystic fibrosis patient was admitted to the hospital following a car accident which 
required major surgery. He has been in the SICU for 5 days, and now has a temperature of 38.5 °C, a white 
blood cell count of >12 × 109/ml, and purulent secretions from the airways in the lung, from which Gram 
negative organisms have been visualized. Using the Antibiogram below, which of the following would be the 
best choice for antibiotic therapy in this patient? Note that the figures refer to the number of organisms 
susceptible 
 

 Pip/Tazobactam Ceftriaxone Levofloxacin Nitrofurantoin Trimeth/Sulfa Vancomycin 

Gram-Negatives       
Acinetobacter 
baumannii — — 70 0 77 — 

Citrobacter freundii — 80 82 84 76 — 
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Enterobacter 
aerogenes — 83 100 8 100 — 

Enterobacter cloacae — 80 91 19 85 — 

Escherichia coli — 91 69 91 66 — 
Klebsiella 
pneumoniae — 96 94 31 91 — 

Proteus mirabilis — 99 81 — 87 — 
Pseudomonas 
aeruginosa 83 1 65 — — — 

Serratia marcescens — 95 95 0 99 — 

 
A. Ceftriaxone 
B. Vancomycin 
C. Pip/Tazobactam 
D. Sulfa/trimethoprim 
*E. Levofloxacin 
 
4. 1. A five-month-old boy with a history of failure to thrive, multiple episodes of thrush (a fungal infection of 
the mouth), and chronic loose stools, is suspected to have Omenn Syndrome, a severe combined 
immunodeficiency (SCID) resulting from a defect in either the Rag1 or Rag2 genes. Which of the following 
test results would be consistent with this diagnosis? 
A. A single nucleotide polymorphism in the Btk locus 
*B. Abnormal T-cell receptor excision circle (TREC) assay 
C. Failure to express CD40L on the surface of T cells 
D. Failure to express IL2Rγ 
E. Failure to express MHC class II molecules on the surface of antigen presenting cells (APC) 
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The results of a complete blood count with differential for a 58-year-old female are shown. Based on this very 
limited information, the patient would most likely benefit from administration of 
 

 
 

A. Sargramostim * 
 

B. erythropoietin 
 

C. interleukin-7 
 

D. thrombopoietin 
 

E. oprelvekin 
 

 
  
An 8-month-old male presents at the emergency room with a 6-hour history of diarrhea.  His mother reports 
that he has had 8 dirty diapers in the past 6 hours.  History shows that the infant was hospitalized with 
pneumonia at ages 3 and 4 months, and that he had a previous bout of diarrhea at age 4.5 months. Lab tests 
reveal that B and T lymphocytes are present at 0.1% and 0.03% of their normal values, respectively. Genetic 
analysis would most likely reveal a deficiency in  
 

A. RAG-1 protein 
 

B. CD40 
 

C. CD40L 
 

D. activation induced cytidine deaminase (AID) 
 

E. terminal deoxynucleotidyl transferase (TdT) 
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Blood samples from 4 pregnant women were subjected to routine blood typing. Results are shown below. 
Which woman has the potential to give birth to a child with erythroblastosis fetalis if the father provides the 
critical allele? 
 
 

 
A. Patient A 

 
B. Patient B 

 
C. Patient C 

 
D. Patient D 

 
 
 
A 42-year-old female presents with fever, hepatosplenomegaly, night sweats, fatigue, and 15-pound weight 
loss over the past 4 weeks. Lab studies reveal anemia, thrombocytopenia, and leukocytosis due to increased 
numbers of CD16+CD56+ cells. Further testing confirms the suspicion of leukemia. Which cell population is 
most likely the cause of her disease? 
 

A. NK cells 
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B. B lymphocytes 

 
C. T lymphocytes 

 
D. mast cells 

 
E. myeloid progenitors 

  



51 
 

Taffet exam questions 
 
A patient with severe arthritis comes into the clinic, and the decision is made to treat 
with Adalimumab. You remember that drugs that end with the letter umab are human 
monoclonal antibodies. Which of the following is expected to be a characteristic of this 
drug? 
 
 

A. All the mouse sequences, except for the hypervariable regions are replaced with 
human sequences. 

B. The drug only works on humans. 
✓C. The antibody was made completely from human DNA sequences. 

D. The mouse constant region is swapped for a human constant region. 
 
 
 
 
A 4-year-old boy has been hospitalized for several different serious infections 

secondary to Staphylococcus aureus with hepatic abscess and pneumonia.  You 
find out he has a 8 year cousin with similar health problems.   

 What is the MOST LIKELY diagnosis? 
 

A. C8 deficiency 
*B. Chronic granulomatous disease (CGD) 
C. DiGeorge syndrome 
D. Selective IgA deficiency 
E. Severe Combined Immunodeficiency (SCID) 

 
 
A six-month-old baby boy has type 1 diabetes mellitus and chronic diarrhea which presented in 
his first month after birth. He later showed signs of thyroiditis without thyroid dysfunction and a 
high titer of antithyroglobulin antibodies. Recently the child has developed facial eczema.  
A possible cause of this child’s disease is due to a defect in 
 
 

A. RAG-1 
B. Tyrosine kinase 
C. Common gamma chain 
✓D. FoxP3 

E. NADPH oxidase 
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A man walks into a doctor’s office with a duck on his head. The doctor asks, “What’s 
wrong?”. The duck says, "Ever since he landed on this man’s head, he has been 
sneezing and rubbing his eyes". The antibody class that is MOST LIKELY contributing 
to the man’s allergy to ducks is                                       .  
 
 

A. IgA 
B. IgD 
✓C. IgE 

D. IgG 
E. IgM 

 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 


