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flammatory cytokines. Which of the following 
opposes the action of cytokines?

 (A) Interferon-γ
 (B) Interleukin-7
 (C) Transforming growth factor-b
 (D) Tumor necrosis factor-a
 (E) Tumor necrosis factor-b

 4. The image depicts a cell that is activated by 
bacterial products, upregulates costimulatory 
molecules, and migrates to the draining lymph 
node. Which of the following types of cells is 
shown in this image, and of which type of im-
mune cell is it a specialized form?
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Reproduced, with permission, from USMLERx.com.

 (A) Kupffer cell, dendritic cell
 (B) Kupffer cell, macrophage
 (C) Langerhans cell, dendritic cell
 (D) Langerhans cell, macrophage
 (E) Microglia, dendritic cell

 5. To assess the risk of erythroblastosis fetalis dur-
ing the future pregnancy of an Rh-negative 
woman, a clinician sends a sample of serum 
for detection of anti-Rh blood group anti-
bodies. The laboratory performs an indirect 
Coombs test by mixing the patient’s serum 
with Rh-positive RBCs and then adding an 
anti-IgG antibody. In doing so, the laboratory 
technician observes agglutination of the RBCs. 
After receiving this test result, the clinician 
would be correct to conclude which of the fol-
lowing?

 1. A 48-year-man with chronic renal failure un-
derwent a cadaveric renal transplant. The op-
eration was a success, and the transplanted kid-
ney started producing urine “on the operating 
table.” However, one week later, the patient’s 
creatinine level begins to rise and his urine 
output drops. He does not experience dysuria, 
and urinalysis shows no bacteria or crystals. 
A biopsy taken from the transplanted kidney 
shows a cellular infiltrate. Which of the follow-
ing would most likely be found on the surface 
of the cells responsible for this patient’s current 
condition?

 (A) CD20
 (B) CD27
 (C) CD34
 (D) CD4
 (E) CD8

 2. An infant boy experiences multiple bacterial, 
viral, and fungal infections during his first 
year of life. He has also been suffering diar-
rhea since birth. Tests are performed to deter-
mine the likely cause of his symptoms. Serum 
calcium levels are normal, and the patient’s 
white blood cells change nitroblue tetrazolium 
from clear to bright blue; however, his B- and 
T-lymphocyte counts are very low. What is a 
possible mechanism accounting for his symp-
toms?

 (A) Defective interleukin-2 receptors
 (B) Failure of the third and fourth pharyngeal 

pouches to descend
 (C) Inability of helper T lymphocytes to switch 

classes
 (D) Lack of NADPH oxidase activity
 (E) X-linked tyrosine kinase defect

 3. A 45-year-old woman presents to her fam-
ily physician with complaints of two months 
of joint stiffness and pain that is worst in the 
morning. Physical examination reveals swell-
ing of the left metacarpophalangeal joints and 
of the wrists bilaterally. She is diagnosed with a 
condition associated with the release of proin-
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 7. A 1-year-old child whose parents just emi-
grated from Mexico presents to the emergency 
room with stridor. The child is in obvious dis-
tress and is drooling. Examination of the phar-
ynx reveals a cherry-red mass at the base of 
the tongue. The vaccine that could have pre-
vented this child’s illness contains two parts: 
purified bacterial capsule and mutant diphthe-
ria toxoid. Which of the following characteris-
tics of the causative organism makes necessary 
the addition of the diphtheria toxoid to the vac-
cine?

 (A) Attachment pili
 (B) Gram-negative rod
 (C) IgA protease
 (D) Polyribitol-ribose phosphate capsule 
 (E) Protein A

 8. A type B blood group, Rh-positive recipient 
mistakenly receives a kidney from a type A 
blood group, Rh-negative donor. Which of 
the following best describes the mechanism of 
transplant rejection that is most likely to ensue 
in this recipient?

 (A) Pre-formed recipient antibodies 
 (B) Macrophages
 (C) Pre-formed donor antibodies
 (D) Donor T lymphocytes
 (E) Recipient T lymphocytes

 9. A 3-year-old boy is admitted to the hospital 
with aspergillosis. He has had multiple admis-
sions for viral and fungal infections previously. 
His serum calcium level is 7.8 mg/dL. Biopsy 
of one of this patient’s lymph nodes would 
most likely reveal which of the following ab-
normalities?

 (A) Decreased number of follicles
 (B) Hypocellular paracortex 
 (C) Hypocellular medullary sinuses
 (D) Enlarged follicles throughout the entire 

lymph node
 (E) Increased number of the medullary cords

 (A) The laboratory performed the test incor-
rectly; it should have mixed the patient’s 
serum with Rh-negative rather than Rh-
positive RBCs

 (B) The patient has had previous pregnancies 
and all of her children are Rh-negative

 (C) The patient is currently pregnant with an 
Rh-positive fetus

 (D) The presence of anti-Rh antibodies in the 
patient’s serum suggests that she has been 
pregnant with an Rh-positive fetus

 (E) The results of the test cannot be used to 
determine the Rh status of a current fetus; 
the results only assess the presence of anti-
bodies in the mother. To determine fetal 
Rh status, direct typing of fetal blood must 
be done.

 6. A 68-year-old woman has been hospitalized 
for three days after an exacerbation of emphy-
sema. Her clinical course progresses well un-
til the fourth hospital day, when she develops 
shortness of breath, fatigue, and cough produc-
tive of yellow sputum. Her oxygen saturation 
drops by 10%, and she is started on vancomy-
cin and gentamicin via rapid infusion. Thirty 
minutes after the initiation of antibiotics, the 
patient develops erythema of the face and 
neck, itchiness, and hypotension. The patient 
has no known drug allergies and has not been 
treated with vancomycin prior to this hospital-
ization. Which of the following is the mecha-
nism of this reaction?

 (A) Binding of antibody-complement to target 
cells

 (B) Cross-linking of IgE by Fc receptors on 
mast cells

 (C) Deposition of antibody-drug immune com-
plexes

 (D) Release of cytokines by activated T lym-
phocytes

 (E) Release of histamine by mast cells
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the following symptoms is this patient most 
likely experiencing?

 (A) Episodic palpitations, sweating, and head-
aches with no apparent trigger

 (B) Intermittent ischemia of fingers and toes 
associated with pallor and pain

 (C) Joint pain, dry eyes and mouth
 (D) Urethritis
 (E) Widespread tightening of the skin

 13. A 10-month-old boy is brought to the pedia-
trician by his parents because of fever, cough, 
and difficulty breathing. A profile of the pa-
tient’s immunoglobulin isotypes shows low 
IgA, low IgG, and markedly elevated IgM lev-
els. The number of T and B lymphocytes is 
normal. Which of the following is the most 
likely etiology of the increased level of IgM in 
this patient?

 (A) A defect in DNA repair enzymes
 (B) A defect in LFA-1 adhesion proteins on 

phagocytes
 (C) A defect in the CD40 ligand on CD4 T 

helper cells
 (D) Failure of interferon-γ production
 (E) Failure of the thymus and parathyroid 

glands to develop

 14. A 40-year-old man presents to his physician 
with numbness and tingling on the dorsal sur-
face of his right hand and forearm, and raised 
“varicose veins” that are firm to the touch 
along the same distribution. He also complains 
of weight loss. His serum creatinine level is 2.0 
mg/dL. He has no previous medical history 
of significance. An immune complex disease 
is suspected, and assays for autoantibodies in-
side neutrophils are conducted. What diseases 
are associated with the identification of anti-
myeloperoxidase and anti-proteinase-3 antibod-
ies, respectively?

 (A) Kawasaki disease, Buerger disease
 (B) Microscopic polyangiitis, Wegener granu-

lomatosis
 (C) Polyarteritis nodosa, Buerger disease
 (D) Takayasu arteritis, Wegener granulomato-

sis

 10. A 60-year-old postmenopausal woman presents 
with fatigue, mild jaundice, and tingling in the 
lower extremities. Laboratory studies show ele-
vated serum levels of homocysteine and meth-
ylmalonic acid, and mild thrombocytopenia. A 
peripheral blood smear supports the diagnosis. 
In which of the following disorders would a pe-
ripheral blood smear be similar to the one seen 
in this case?

 (A) Acute blood loss
 (B) Anemia of chronic disease
 (C) Iron deficiency anemia
 (D) Pernicious anemia
 (E) Pyridoxine deficiency

 11. The image below depicts a series of steps in an 
immunologic activation pathway. This path-
way is most important for which activity of the 
immune system?

Reproduced, with permission, from USMLERx.com.

 (A) Antigen presentation and destruction of in-
tracellular pathogens

 (B) Defense against parasites by eosinophils
 (C) Immediate allergic hypersensitivity reac-

tion
 (D) Neutrophil chemotaxis

 12. A 35-year-old woman presents to the clinician 
with symptoms suggestive of an autoimmune 
etiology. A biopsy is sent for immunofluores-
cent staining, and the results indicate the pres-
ence of anticentromere antibodies. Which of 
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 (C) Patients with juvenile rheumatoid arthritis 
are more likely to have large-joint involve-
ment, but the likelihood of concurrent sys-
temic symptoms is the same

 (D) Patients with juvenile rheumatoid arthritis 
are more likely to have systemic symptoms 
and high levels of serum rheumatoid factor

 (E) Patients with juvenile rheumatoid arthritis 
are more likely to have systemic symptoms 
and large-joint involvement

 17. A 6-month old boy is noted at his well-child 
visit to have very poor growth and weight gain 
since his last visit. His mother states that he 
was hospitalized for pneumococcal pneumo-
nia, and has had several bad colds with pu-
rulent nasal discharge since he was born. His 
physician suspects an immunodeficiency, and 
laboratory results indeed reveal deficiency of a 
complement protein. Which of the following 
antibodies functions in the same manner as 
the missing complement protein in this child?

 (A) IgA
 (B) IgD
 (C) IgE
 (D) IgG
 (E) IgM

 18. A 29-year-old intravenous drug user has suf-
fered from recurrent pneumonias, fungal 
infections in the axillae, and a recent ear in-
fection. He now presents with a cough and 
painful swallowing. Physical examination re-
veals a patchy, white oral lesion. Cells with 
which of the following markers are most likely 
to be deficient in this patient?

 (A) CD4
 (B) CD8
 (C) CD20
 (D) CD40
 (E) CD56

 (E) Takayasu arteritis, Buerger disease
 (F) Temporal arteritis, Wegener granulomato-

sis

 15. A 24-year-old woman presents with a four-
month history of fever, night sweats, and 
weight loss. X-ray of the chest reveals enlarged 
mediastinal lymph nodes. The biopsy of one 
such lymph node is shown in the image. From 
which of the following cell types is the cell 
with the bilobed nucleus derived?

Reproduced, with permission, from USMLERx.com.

 (A) B lymphocyte
 (B) Fibroblast
 (C) Macrophage
 (D) Neutrophil
 (E) T lymphocyte

 16. Patients who share similar clinical symptoms 
and disease pathology may nevertheless pre-
sent differently based on age at disease onset. 
How does the presentation of the disease evi-
dent in the image differ between juvenile and 
adult-onset disease?

 (A) Juvenile rheumatoid arthritis is simply the 
presence of rheumatoid arthritis that be-
gins before the age of 21 years

 (B) Patients with juvenile rheumatoid arthritis 
are less likely to have systemic symptoms, 
but the likelihood of high levels of serum 
rheumatoid factor is the same
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tient does not have tonsils. His mother denies 
a previous tonsillectomy. Analysis of the boy’s 
serum would most likely yield which of the fol-
lowing results?

 (A) < 200/mm3 CD4 T lymphocytes
 (B) Absence of T lymphocytes
 (C) IgA, IgG, and IgM levels normal
 (D) IgG and IgM levels markedly decreased, 

no IgA
 (E) IgG and IgM levels normal, IgA markedly 

decreased

 21. A 26-year-old woman presents to the clinic 
with joint pain in her hands and wrists, diffi-
culty breathing, and redness over her cheeks 
and nose. She also notes that her fingertips 
change color from white to blue to red when 
she is cold. Which of the following describes 
the renal pathology commonly associated with 
this patient’s condition?

 (A) Histopathology reveals glomerulonephritis 
with subendothelial immune deposits evi-
dent on immunofluorescence electron mi-
croscopy 

 (B) It has a “railroad track” or “tram track” ap-
pearance on light microscopy

 (C) It is a homogeneous renal disease
 (D) It is associated with elevated serum com-

plement levels
 (E) It is immune mediated by anti-mitochon-

drial antibodies

 22. A clinician is concerned that an Rh-negative 
mother may be pregnant with an Rh-positive 
fetus. The potential pathology that the clini-
cian is concerned about is classified as which 
of the following immune reactions?

 (A) Graft-versus-host disease
 (B) Type I hypersensitivity
 (C) Type II hypersensitivity
 (D) Type III hypersensitivity
 (E) Type IV hypersensitivity

 23. A 14-year-old boy presents to the physician 
with recurrent pyogenic infections. Physical 
examination shows that the boy has pruritic 
papulovesicular dermatitis. Laboratory tests 
show low serum IgM level and a normal serum 

 19. A 2-year-old girl with a lifelong history of mal-
absorptive and foul-smelling diarrhea, weak-
ness, and general failure to thrive has just un-
dergone a small intestine biopsy (see image). 
Her parents believe her problems began at 6 
months of age, when she started eating solid 
foods, but have significantly worsened over 
the past few months. The only recent change 
in her diet is that she eats a bowl of cereal ev-
ery morning with her parents before they go to 
work. She tried a dairy-free diet a month ago, 
but it did not improve her symptoms. Which 
of the following is the most likely diagnosis?

Reproduced, with permission, from USMLERx.com.

 (A) Abetalipoproteinemia
 (B) Celiac sprue
 (C) Lactase deficiency
 (D) Viral enteritis
 (E) Whipple disease

 20. A pediatrician becomes concerned after learn-
ing about the family and the medical history 
of an 18-month-old child who is currently suf-
fering from pneumonia, with a presumed diag-
nosis of Streptococcus pneumoniae infection. 
Over the past year, the patient has suffered 
from erysipelas as well as a previous bout of 
pneumococcal pneumonia; both were treated 
successfully with antibiotics. The patient’s 
mother says that her son’s maternal uncle also 
suffered from repeated bacterial infections and 
was successfully treated with antibiotics. On 
physical examination, it appears that the pa-
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 (A) Lyme disease
 (B) Pneumonia
 (C) Sarcoidosis 
 (D) Systemic lupus erythematosus
 (E) Tuberculosis

 25. A 58-year-old man presents to his physician be-
cause of fatigue, edema, and worsening kidney 
function. After extensive laboratory work-up, 
his physician decides to perform a kidney bi-
opsy. The pathologist notes numerous green-
colored, proteinaceous deposits when he uses 
polarized light microscopy to view the sample. 
Which of the following is most likely abnormal 
in this patient?

 (A) C2
 (B) CD8
 (C) Fab fragment
 (D) Ig light chain
 (E) Major histocompatibility complex II

 26. A 7-year-old boy is brought to the physician by 
his parents because of recurrent sinus infec-
tions. The parents state that the boy also has 
had multiple lung infections and intermittent 
diarrheal infections since birth. Which of the 
following results would most likely be found 
on further testing?

 (A) A high IgE level
 (B) A low IgA level
 (C) A low IgM level, with increased IgA
 (D) A negative nitroblue tetrazolium dye test
 (E) A normal immunoglobulin level for all iso-

types

 27. A patient is administered a tuberculin test. 
Which of the following types of hypersensitiv-
ity reaction is being tested, and which cells 
would be expected to mediate a positive test re-
sult?

 (A) Type I hypersensitivity, mast cells
 (B) Type II hypersensitivity, cytotoxic T lym-

phocytes
 (C) Type IV hypersensitivity, mast cells 
 (D) Type IV hypersensitivity, T-helper 1 cells
 (E) Type IV hypersensitivity, T-helper 2 cells

IgG level. Which of the following laboratory 
abnormalities is most likely to also be present?

 (A) Hypocalcemia
 (B) Low IgA level
 (C) Low IgE level
 (D) Lymphopenia
 (E) Thrombocytopenia

 24. A 30-year-old woman presents to the emer-
gency department with a right-sided facial 
droop and bilateral swelling on the face near 
the angles of the mandible. She reports that 
these signs occurred suddenly while she was at 
home. On further questioning she says that for 
the past few weeks she has been feeling short 
of breath and tired, and has had a dry cough. 
She denies any recent exposure to wooded 
areas. Her temperature is 38.4°C (101.2°F), 
heart rate is 93/min, blood pressure is 110/85 
mm Hg, respiratory rate is 22/min, and oxygen 
saturation is 93% on room air. Physical exami-
nation reveals red, tearing eyes; smooth, non-
tender bulging of both cheeks; a right-sided 
drooping of the mouth; cervical nodes; and 
bilateral dry râles. Results of a purified protein 
derivative test are negative. X-ray of the chest 
is shown in the image. What process is most 
likely to be causing this patient’s symptoms?

Reproduced, with permission, from USMLERx.com.
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 (A) A noninflamed skin abscess
 (B) A repaired cleft palate
 (C) Frequent falls
 (D) Skin granulomas
 (E) Visual hallucinations

 30. A 50-year-old man comes to the physician with 
hemoptysis and diffuse joint pain. He states 
that both his father and cousin had similar 
symptoms and were diagnosed with micro-
scopic polyangiitis, a disease affecting me-
dium- to small-sized arteries that is believed to 
have an autoimmune component to its patho-
genesis. Antibody levels were measured to con-
firm the diagnosis. What other disease is most 
closely correlated with the same type of auto-
antibodies as present in this patient?

 (A) Churg-Strauss syndrome
 (B) CREST variant of scleroderma
 (C) Sjögren syndrome
 (D) Systemic lupus erythematosus
 (E) Wegener granulomatosis

 28. A 24-year-old, previously healthy woman pre-
sents to the outpatient clinic with a two-week 
history of drooping eyelids and difficulty rising 
from a chair. Stimulation with a reversible ace-
tylcholinesterase inhibitor leads to the resolu-
tion of her symptoms. Which of the following 
is most responsible for the three-dimensional 
structure of the key mediator in this woman’s 
condition?

 (A) Disulfide bonds
 (B) Hydrogen bonds
 (C) Ionic bonds
 (D) Triple covalent bonds
 (E) Van der Waals forces

 29. A 3-year-old boy is brought to his pediatrician 
because of worsening cough and rhinorrhea. 
His parents state that he has had multiple simi-
lar episodes over the past year with two brief 
hospitalizations for pneumonia. Physical ex-
amination of the skin reveals the lesion seen 
in the image. Laboratory tests show very low 
serum levels of IgA. Which of the following is 
most likely to also be seen in this child?

Reproduced, with permission, from Wolff K, et al, Fitzpatrick’s 
Color Atlas & Synopsis of Clinical Dermatology, 6th edition. 
New York: McGraw-Hill, 2009.
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viral, and fungal infections. Treatment in-
cludes bone marrow transplantation.

Answer B is incorrect. Failure of the third 
and fourth pharyngeal pouches to descend is 
known as DiGeorge syndrome, and results in 
no thymus or parathyroid glands. Chromo-
some 22q11 deletions are associated with Di-
George syndrome. Tetany from hypocalcemia 
and viral and fungal infections are common 
due to the lack of T lymphocytes, while nor-
mal B lymphocytes are present.

Answer C is incorrect. A CD40 ligand defect 
causes hyper-IgM syndrome, because the CD4 
T-helper cells are unable to switch classes from 
IgM. Although these patients present with 
multiple infections such as pneumonia, sinus-
itis, infectious diarrhea, and central nervous 
system (CNS) infections, the most common 
laboratory finding is neutropenia, not low lev-
els of lymphocytes.

Answer D is incorrect. The lack of reduced 
NADPH oxidase activity results in chronic 
granulomatous disease. Staphylococcus aureus, 
Escherichia coli, and Aspergillus are common 
pathogens. The nitroblue tetrazolium dye re-
duction test shows no activity in these patients. 
Because the question stem says that the ni-
troblue tetrazolium dye test turned blue, this 
patient must have normal NADPH oxidase 
activity, and thus cannot have chronic granulo-
matous disease.

Answer E is incorrect. An X-linked tyrosine 
kinase defect causes Bruton agammaglobulin-
emia, resulting in decreased levels of all im-
munoglobulin molecules. Infections begin to 
occur after the maternal IgG antibodies de-
cline, typically after six months of life.

 3. The correct answer is C. This patient has 
signs and symptoms of rheumatoid arthritis, a 
disorder of immune dysregulation. Many par-
allel and sequential events occur within the 
synovium to cause joint destruction, includ-
ing activation of T lymphocytes and release 
of many proinflammatory cytokines such as 

 1. The correct answer is E. This patient suffers 
from rejection of his recently transplanted 
organ. There are three types of rejection: hy-
peracute, acute, and chronic. A hyperacute 
rejection is mediated by pre-formed antibod-
ies to the transplanted organ. In most cases, 
it can be observed while still in the operating 
theater. Acute rejection can occur at any time 
but is most likely in the first three months after 
transplantation. It is due to human leukocyte 
antigen discrepancies between host and graft, 
and is more common in highly vascular organs 
such as the liver or kidney. Finally, chronic re-
jection is a slow process that leads to fibrosis of 
the transplanted tissue due to increased fibro-
blast activity. This patient experienced acute 
rejection, which is mediated by cytotoxic T 
cells (CD8).

Answer A is incorrect. CD20 is a B-cell 
marker. Because they are a precursor to plasma 
cells, they would only be indirectly involved in 
hyperacute rejection.

Answer B is incorrect. CD27 is a marker of 
plasma cells. Plasma cells are responsible for 
antibody production and therefore would be 
the culprit in hyperacute rejections.

Answer C is incorrect. CD34 is a fibrocyte 
marker. Fibrocytes leave the bloodstream and 
differentiate into fibroblasts in the transplanted 
organ. They are the cell type that leads to 
chronic rejection of the graft.

Answer D is incorrect. CD4 is the marker of 
T-helper cells. They do not attack pathogens 
or tissues and are not implicated in the pathol-
ogy of acute rejection and negative selection.

 2. The correct answer is A. Severe combined 
immunodeficiency can be caused by multiple 
factors: failure to synthesize major histocom-
patibility complex II antigens, defective inter-
leukin-2 receptors, or adenosine deaminase 
deficiency. This defect in early stem cell differ-
entiation results in a lack of T and B lympho-
cytes. Without T and B lymphocytes, patients 
are at significantly increased risk of bacterial, 

Answe rs
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Answer B is incorrect. Kupffer cells are tissue-
resident macrophages; the image depicts a 
Langerhans cell.

Answer D is incorrect. Langerhans cells are 
specialized, tissue-resident dendritic cells, not 
macrophages.

Answer E is incorrect. Microglia are tissue-
resident macrophages within the CNS.

 5. The correct answer is D. When an Rh-
negative mother gives birth to an Rh-positive 
fetus, fetal RBCs may enter the mother’s circu-
lation, and the body may recognize the Rh an-
tigen as foreign and produce antibodies against 
it. As maternal IgG freely crosses the placenta, 
any subsequent Rh-positive fetus is at risk for 
hemolytic disease. Thus, the indirect Coombs 
test is an important laboratory tool to monitor 
for Rh incompatibilities that may complicate 
fetal health. The test result given in this ques-
tion indicates that the patient possesses anti-Rh 
antibodies in her serum. Therefore, it would 
be logical for the clinician to suspect previous 
pregnancy with an Rh-positive fetus.

Answer A is incorrect. The laboratory protocol 
described in the question stem is correct. Rh-
positive RBCs must be added because the test 
is assaying for the presence anti-Rh antibodies, 
which will bind the Rh antigen on the RBCs. 

Answer B is incorrect. The presence of anti-
Rh antibodies within the patient’s serum sug-
gests that she has been exposed to the blood of 
at least one Rh-positive fetus.

Answer C is incorrect. The results of the test 
cannot be used to determine the Rh status of a 
current fetus; only direct typing of fetal blood 
can determine its Rh status.

Answer E is incorrect. The test yielded a 
positive result. Agglutination occurs when the 
anti-IgG antibody binds to the anti-Rh antibod-
ies that are already bound to the Rh-positive 
RBCs.

 6. The correct answer is E. Vancomycin can 
cause two types of hypersensitivity reactions: 
anaphylaxis, which is a type I hypersensitiv-
ity reaction, and the “red man” syndrome 

interleukin (IL) 1. Transforming growth fac-
tor-b plays a role in dampening the immune 
response, and in the case of rheumatoid ar-
thritis works as a reparative agent by inhibit-
ing T lymphocyte activation and proliferation, 
inhibiting biosynthesis of metalloproteinases, 
protecting cartilage from degradation by IL-1, 
and inhibiting tumor necrosis factor secretion 
by macrophages.

Answer A is incorrect. Interferon-γ is secreted 
by helper T lymphocytes and helps stimulate 
macrophages.

Answer B is incorrect. IL-7 is secreted by mac-
rophages and is one of the main cytokines in-
volved in mounting an acute phase response. 
IL-7 has been shown to stimulate bone erosion 
in rheumatoid arthritis.

Answer D is incorrect. Tumor necrosis 
factor-a is one of the main cytokines involved 
in mounting an acute-phase response; it is se-
creted by macrophages.

Answer E is incorrect. Tumor necrosis fac-
tor-b has functions similar to tumor necrosis 
factor-a in that it helps mount an acute-phase 
response. However, it is secreted by activated T 
lymphocytes instead of macrophages.

 4. The correct answer is C. Dendritic cells arise 
from both myeloid and lymphoid bone mar-
row precursors and then establish sites of resi-
dence within the peripheral tissues. Immature 
dendritic cells located within the epidermis are 
named Langerhans cells, and they are highly 
phagocytic. The exact function of Birbeck 
granules is unknown, but they are present only 
with Langerhans cells. Upon antigen encoun-
ter, Langerhans cells upregulate costimulatory 
molecules (such as major histocompatibil-
ity complex class II) and then migrate to the 
draining lymph node, where they play an in-
tegral part in the activation of T lymphocytes 
and the subsequent induction of an adaptive 
immune response.

Answer A is incorrect. Kupffer cells are tissue-
resident macrophages within the liver.
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 7. The correct answer is D. This child is suffer-
ing from acute epiglottitis, caused by Hae-
mophilus influenzae type B (HiB). The inci-
dence of this illness has decreased drastically 
in recent years because of immunization ef-
forts. The HiB vaccine consists of two parts: 
the bacterial capsule antigen and diphtheria 
toxoid protein. Because the bacterial capsule 
is a polysaccharide, it alone will not generate a 
sufficient immune response. Therefore, a pro-
tein (the toxoid) is added to the vaccine in or-
der to generate an antibody response.

Answer A is incorrect. Whereas attachment 
pili are an important virulence factor of H in-
fluenzae, they are not the reason why the vac-
cine must contain a toxoid protein.

Answer B is incorrect. Whereas H influenzae 
is a gram-negative rod, its Gram stain charac-
teristics do not play a role in the body’s ability 
to generate antibodies against it.

Answer C is incorrect. IgA protease is an im-
portant virulence factor in H influenzae. It 
functions to cleave IgA, which allows the bac-
teria to colonize the mucosa. It does not, how-
ever, play a role in vaccination.

Answer E is incorrect. H influenzae does not 
generate protein A. This is a virulence factor 
found in Staphylococcus aureus that binds the 
Fc portion of IgG and thus helps prevent opso-
nization.

 8. The correct answer is A. This clinical scenario 
would result in hyperacute rejection (within 
minutes of transplantation; clinical presenta-
tion within minutes to hours) mediated by 
pre-formed anti-donor antibodies in the recipi-
ent. The recipient would possess anti-type A 
antibodies, which react to the A antigen pres-
ent not only on RBCs but on most other cell 
types. Hyperacute rejection occurs almost im-
mediately, as the anti-donor antibodies bind 
directly to vascular endothelial cells, initiating 
complement and clotting cascades and result-
ing in hemorrhage and necrosis of the trans-
planted kidney. It should be noted that it is not 
only ABO blood group mismatches but any 
anti-donor antibodies possessed by the recipi-
ent that can lead to hyperacute rejection; thus, 

(RMS), which is an anaphylactic reaction. 
This patient most likely has RMS due to rapid 
infusion of vancomycin. Although her symp-
toms also may be consistent with anaphylaxis, 
the patient has never been exposed to vanco-
mycin; therefore, she would not have pre-
formed IgE antibodies against the drug. By 
contrast, a vancomycin-induced anaphylactic 
reaction involves histamine release from mast 
cells and basophils without binding of pre-
formed IgE antibodies to Fc receptors. RMS 
can be prevented by slow infusion of vanco-
mycin, which is preferable to discontinuing 
the drug. Another method of prevention is pre-
treatment with antihistamine.

Answer A is incorrect. Type II hypersensitiv-
ity reactions are characterized by IgM or IgG 
molecules binding to an antigen on a cell, 
which leads to destruction of the cell via ac-
tivation of the complement cascade. Exam-
ples include autoimmune hemolytic anemia, 
Goodpasture syndrome, rheumatic fever, and 
Graves disease.

Answer B is incorrect. Type I hypersensitivity 
reactions are mediated by pre-formed IgE anti-
bodies that bind a particular antigen to which 
the patient has already been exposed. Binding 
of the antigen-IgE complexes to Fc receptors 
on mast cells results in degranulation and re-
lease of vasoactive substances such as hista-
mine. The reaction occurs rapidly after anti-
gen exposure. Examples include anaphylaxis, 
asthma, hives, wheals, and flare.

Answer C is incorrect. Type III hypersensitiv-
ity reactions involve antibodies binding to an-
tigen in plasma, leading to antibody-antigen 
immune complexes. Examples include polyar-
teritis nodosa, immune complex glomerulone-
phritis, lupus, rheumatoid arthritis, serum sick-
ness, and the Arthus reaction (local complex 
deposition).

Answer D is incorrect. Type IV hypersensitiv-
ity reactions involve sensitized T lymphocytes 
that encounter the antigen and release lym-
phokines. Examples include a tuberculosis 
(TB) skin test, transplant rejection, and con-
tact dermatitis (poison oak, poison ivy).
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Answer D is incorrect. This pattern is charac-
teristic of follicular lymphoma, not DiGeorge 
syndrome.

Answer E is incorrect. The medullary cords 
contain lymphocytes and plasma cells, and are 
not usually affected in DiGeorge syndrome.

 10. The correct answer is D. The smear would 
have a hypersegmented neutrophil, classically 
associated with vitamin B12 deficiency or fo-
late deficiency. In this patient’s case, symptoms 
and laboratory findings suggest a deficiency 
in vitamin B12, most likely resulting in perni-
cious anemia, given the patient’s age. Autoim-
mune gastritis/pernicious anemia is associated 
with two forms of autoantibodies: (1) antibod-
ies directed against the transmembrane proton 
pumps of parietal cells (the cells that secrete 
gastric acid and intrinsic factor [IF]) and (2) 
antibodies directed against IF itself. Parietal 
cell autoantibodies lead to their destruction, 
thereby decreasing IF and acid production 
(which then hinders vitamin B12 release from 
food). IF autoantibodies, on the other hand, 
prevent either the binding of vitamin B12 to IF, 
or the binding of the vitamin B12-IF complex 
to its receptor in the distal ileum. Symptoms of 
vitamin B12 deficiency include fatigue, pallor, 
mild to moderated jaundice, glossitis (a pain-
ful, beefy tongue), and neuropathies (particu-
larly of the lower extremities due to atrophy of 
the posterior and lateral columns in the spi-
nal cord). Serum levels of homocysteine and 
methylmalonic acid can be elevated, and a 
complete blood cell count can show thrombo-
cytopenia. Vitamin B12 deficiency also causes 
a megaloblastic anemia with hypersegmented 
neutrophils on peripheral blood smear. Folate 
deficiency also results in a similar megaloblas-
tic anemia, although is not accompanied by 
neurologic symptoms.

Answer A is incorrect. Acute blood loss would 
result in a normocytic normochromic anemia. 
However, this patient shows signs of vitamin 
B12 deficiency, which would result in a macro-
cytic anemia with polysegmented neutrophils 
on peripheral blood smear.

it is important to carefully cross-match donor 
and recipient.

Answer B is incorrect. Macrophages provide 
a secondary immune response in this situation 
but are not initially involved in acute or hyper-
acute reactions.

Answer C is incorrect. Hyperacute rejection 
is typically mediated by pre-formed anti-donor 
antibodies that are possessed by the recipient.

Answer D is incorrect. Graft-versus-host dis-
ease (GVHD) is a serious adverse effect of 
bone marrow transplantation mediated by 
donor-derived T lymphocytes. Acute GVHD 
usually occurs within the first three months af-
ter an allogeneic bone marrow transplantation, 
whereas chronic GVHD usually develops after 
the third month post-transplant.

Answer E is incorrect. Acute rejection is cell-
mediated and occurs within weeks after trans-
plantation of an organ that is major histocom-
patibility (MHC)-mismatched; rejection is the 
result of cytotoxic T lymphocytes reacting to 
foreign MHC molecules. In this scenario, hy-
peracute rejection would be expected to occur 
first (within the first few hours after transplant).

 9. The correct answer is B. This patient’s recur-
rent viral and fungal infections and hypocalce-
mia are consistent with DiGeorge syndrome. 
This condition is caused by the failure of de-
velopment of the third and fourth pharyngeal 
pouches, and thus the thymus and parathyroid 
glands. The recurrent viral and fungal infec-
tions are caused by a T-lymphocyte deficiency. 
In lymph nodes, T lymphocytes are found in 
the paracortical region, thus this region is of-
ten underdeveloped in patients with DiGeorge 
syndrome.

Answer A is incorrect. Follicles are areas of 
mostly B-lymphocyte aggregation, and are not 
usually affected in DiGeorge syndrome.

Answer C is incorrect. The medullary sinuses 
contain macrophages and communicate with 
lymphatics.
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chemicals. IL-12 and IFNγ are not directly in-
volved.

Answer D is incorrect. IFN-γ, IL-8, and C5a 
are major chemotactic factors for neutrophils. 
Neutrophils are not antigen-presenting cells 
and would not secrete IL-12.

 12. The correct answer is B. This patient is likely 
suffering from one of the two major types of 
scleroderma, known as CREST syndrome. 
The CREST acronym indicates the major 
symptoms: Calcinosis, Raynaud phenomenon, 
Esophageal dysmotility, Sclerodactyly, and 
Telangiectasia. Often, CREST syndrome pa-
tients test positive for anticentromere antibod-
ies. The answer describes Raynaud phenom-
enon, which may be triggered by cold weather 
or even emotional stimuli.

Answer A is incorrect. These symptoms are 
not usually associated with CREST syndrome.

Answer C is incorrect. These symptoms are 
suggestive of Sjögren syndrome, not CREST 
syndrome. 

Answer D is incorrect. This is not a symptom 
usually associated with CREST syndrome. 
Note that urethritis, conjunctivitis/anterior 
uveitis, and arthritis make up the classic triad 
in Reiter syndrome. 

Answer E is incorrect. This is not usually a 
hallmark of CREST syndrome but rather of 
diffuse scleroderma. Note that diffuse sclero-
derma is associated with anti-Scl-70 antibody. 

 13. The correct answer is C. This patient most 
likely has hyper-IgM syndrome, which is 
caused by a defect in the CD40 ligand on 
CD4 T helper cells. This defect leads to an in-
ability to class switch between the different im-
munoglobulin isotypes. Since IgM is initially 
created and subsequently switched to the other 
isotypes, an inability to do so leads to elevated 
IgM levels and low levels of all other isotypes. 
Two prominent clinical problems are Pneumo-
cystis jiroveci and neutropenia.

Answer A is incorrect. Ataxia-telangiectasia 
is caused by a defect in DNA repair enzymes. 
The disease is associated with an IgA defi-

Answer B is incorrect. Anemia of chronic dis-
ease results in a microcytic, hypochromic ane-
mia (late manifestation) on peripheral blood 
smear with decreased serum iron levels and 
decreased total iron-binding capacity. This 
patient shows signs of vitamin B12 deficiency, 
which would result in a macrocytic anemia 
with polysegmented neutrophils.

Answer C is incorrect. Iron deficiency ane-
mia can result in hypersegmented neutrophils 
but also results in a microcytic, hypochromic 
anemia (late manifestation) on peripheral 
blood smear with decreased serum iron and 
increased total iron-binding capacity. This 
patient shows signs of vitamin B12 deficiency, 
which would result in a macrocytic anemia 
with polysegmented neutrophils.

Answer E is incorrect. Pyridoxine deficiency 
(vitamin B6), often caused by isoniazid ther-
apy, results in an acquired sideroblastic anemia 
(often macrocytic, anisocytosis). However, this 
patient shows signs of vitamin B12 deficiency, 
which would result in a macrocytic anemia 
with polysegmented neutrophils on peripheral 
blood smear.

 11. The correct answer is A. The cell on the left 
is a macrophage and the cell on the right is 
a helper T cell. The image depicts a macro-
phage secreting interleukin-12 (IL-12), which 
causes the naïve helper T cell to differentiate 
into a Th1 cell. In turn, the T cell secretes 
interferon-γ (IFN-γ), stimulating the macro-
phage to increase antigen presentation and ly-
sosome production. This series of events is an 
important mechanism for increasing killing of 
intracellular pathogens such as mycobacteria.

Answer B is incorrect. Eosinophils do not 
present antigens to Th1 cells and are not clasi-
cally thought to secrete IL-12. Plasma levels 
of eosinophils increase in hypersensitivity dis-
eases such as asthma and in parasitic infection.

Answer C is incorrect. Basophils and mast 
cells are the primary mediators of the immedi-
ate allergic, or type I, hypersensitivity reaction. 
These cells are activated by attached IgE and 
produce histamine and other inflammatory 
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body titer is usually a good indicator of disease 
severity, particularly in Wegener granulomato-
sis, for which specificity and sensitivity of anti-
body testing are both >90%.

Answer A is incorrect. Kawasaki disease is not 
associated with serum P-ANCA, and Buerger 
disease is not associated with serum C-ANCA.

Answer C is incorrect. “Classic” polyarteri-
tis nodosa is not associated with P-ANCA, 
and Buerger disease is not associated with 
C-ANCA.

Answer D is incorrect. Takayasu arteritis is not 
associated with serum P-ANCA. 

Answer E is incorrect. Takayasu arteritis 
is not associated with serum P-ANCA, and 
Buerger disease is not associated with serum 
C-ANCA.

Answer F is incorrect. Temporal arteritis is not 
associated with serum P-ANCA.

 15. The correct answer is A. The image reveals 
Reed-Sternberg cells, which are found in 
Hodgkin lymphoma and can be identified by 
their distinctive “owl’s eye” bilobular nuclei. 
Most studies support a B-lymphocyte origin for 
Reed-Sternberg cells. Evidence supporting this 
includes rearrangements at immunoglobulin 
gene loci and the expression of MHC class II 
and B7 molecules. Additionally, they are CD 
30+ and CD 15+, but CD45-. 

Answer B is incorrect. Fibroblasts are elevated 
in chronic inflammation and in granulation 
tissue. Tumors that are derived from fibroblasts 
are called fibrosarcomas.

Answer C is incorrect. Activated macrophages 
tend to form granulomas, which are groups 
of epithelial-like macrophages that are sur-
rounded by a collar of mononuclear lympho-
cytes and plasma cells. They lack the “owl’s-
eyes” nuclei that characterize Reed-Sternberg 
cells.

Answer D is incorrect. Neutrophil levels are 
elevated in acute infection and inflammation. 
Their appearance is characterized by a three- 
to four-lobed nucleus and basophilic granules.

ciency. The typical presentation of the disease 
is given away by the name, as symptoms in-
clude cerebellar problems (ataxia) and spider 
angiomas (telangiectasia).

Answer B is incorrect. Leukocyte adhesion 
deficiency syndrome is caused by a defect in 
the LFA-1 adhesion protein on the surface of 
neutrophils. The disease usually presents with 
marked leukocytosis and localized bacterial 
infections that are difficult to detect until they 
have progressed to an extensive life-threatening 
level. Since neutrophils are unable to adhere 
to the endothelium and transmigrate into tis-
sues, infections in patients with leukocyte ad-
hesion deficiency syndrome act similarly to 
those observed in neutropenic patients.

Answer D is incorrect. Job syndrome in-
volves the failure of helper T lymphocytes to  
produce interferon-γ (IFN-γ). Because IFN-γ 
is a potent activator of phagocytic cells, a de-
crease in its production leads to a failure of 
neutrophils to respond to chemotactic stimuli. 
Job syndrome presents with recurrent staphy-
lococcal abscesses, eczema, and high levels of 
IgE.

Answer E is incorrect. In thymic aplasia (Di-
George syndrome), the third and fourth pha-
ryngeal pouches, and thus the thymus and 
parathyroid glands, fail to develop. The disease 
often presents with many congenital defects, 
such as cardiac abnormalities, cleft palate, and 
abnormal facies. Thymic aplasia can also pre-
sent with tetany due to hypocalcemia.

 14. The correct answer is B. Patients suffering 
from microscopic polyangiitis often have au-
toantibodies against the enzyme myeloperoxi-
dase, which stains in a perinuclear pattern and 
is therefore commonly called P-ANCA (peri-
nuclear anti-neutrophil cytoplasmic antibody). 
Wegener granulomatosis is a vasculitis charac-
terized by necrotizing granuloma formation 
in the lungs and kidneys. These patients often 
have autoantibodies specific for proteinase-3, 
which stains in a cytoplasmic distribution and 
is therefore commonly called C-ANCA (cyto-
plasmic anti-neutrophil cytoplasmic antibody). 
In both of these diseases, the patient’s autoanti-
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immune system. Opsonins adhere to microor-
ganisms and promote leukocyte chemoattrac-
tion, antigen binding and phagocytosis, and 
activation of macrophage and neutrophil kill-
ing mechanisms. The antibody IgG is also an 
opsonin, and C3b and IgG are the two primary 
opsonins responsible for defense against bacte-
ria.

Answer A is incorrect. IgA patrols mucosal 
barriers and prevents attachment of bacteria 
and viruses. It does not fix complement, nor is 
it an opsonin.

Answer B is incorrect. IgD is found on the 
surface of many B lymphocytes and in the se-
rum, but its function is unclear.

Answer C is incorrect. IgE mediates immedi-
ate (type I) hypersensitivity and immunity to 
helminths by facilitating the activation of eo-
sinophils.

Answer E is incorrect. IgM fixes (activates) 
complement but does not function by opso-
nization. It exists as a monomer on the surface 
of B lymphocytes, or as a pentamer in the se-
rum.

 18. The correct answer is A. This patient has be-
come susceptible to opportunistic disease 
due to infection with HIV. Risk factors for 
contracting HIV include high-risk sexual be-
havior and intravenous drug use. HIV pref-
erentially infects T-helper cells, which stain 
positive for CD3 and CD4. However, CD3 
stains all T lymphocytes, while CD4 is spe-
cific for T-helper cells. At this point in time, 
the patient can be diagnosed with AIDS based 
on the presence of AIDS-defining opportunis-
tic infections or by a CD4+ cell count <200/
mm3. This patient should be started on highly 
active antiretroviral therapy, which commonly 
includes the nucleoside reverse transcriptase 
inhibitor zidovudine.

Answer B is incorrect. CD8 is specific for 
cytotoxic T lymphocytes. HIV affects only 
T-helper cells and does not affect cytotoxic 
T lymphocytes.

Answer C is incorrect. CD20 is a marker that 
is specific for B lymphocytes, which are activated 

Answer E is incorrect. T lymphocytes are el-
evated in T-lymphocyte leukemias such as 
T-cell acute lymphocytic leukemia and T-cell 
chronic lymphocytic leukemia.

 16. The correct answer is E. Juvenile rheumatoid 
arthritis (JRA) may appear with a different pre-
sentation than adult-onset rheumatoid arthritis 
(RA). By definition, JRA begins before age 16 
years and must include arthritis in at least one 
joint for at least six weeks. Additionally, the 
morphologic joint pathology is similar to that 
of adult-onset RA. However, there are several 
signs and symptoms that occur more com-
monly in JRA than in adult-onset RA, includ-
ing an increased likelihood of systemic onset 
(with symptoms including high fevers, lymph-
adenopathy, and hepatomegaly), large-joint in-
volvement, and anti-nuclear antibody seroposi-
tivity. Furthermore, JRA patients are less likely 
to have rheumatoid nodules and rheumatoid 
factor.

Answer A is incorrect. There are several signs 
and symptoms that occur more commonly 
in JRA than in adult-onset RA, including in-
creased likelihood of systemic onset, increased 
likelihood of large-joint involvement, and in-
creased likelihood of anti-nuclear antibody se-
ropositivity. Age at onset is <16 years.

Answer B is incorrect. Systemic symptoms are 
more likely, but high levels of serum rheuma-
toid factor are less likely, in patients with JRA.

Answer C is incorrect. Both systemic symp-
toms and large-joint involvement are more 
likely in patients with JRA.

Answer D is incorrect. Systemic symptoms are 
more likely, but high levels of serum rheuma-
toid factor are less likely, in patients with JRA.

 17. The correct answer is D. This patient has al-
ready had several bacterial infections, most 
notably an infection with Streptococcus pneu-
moniae. Complement, part of the innate im-
mune system, is a group of serum proteins that 
work with antibody activity to eliminate patho-
gens. Specifically, the protein C3b is respon-
sible for the opsonization of bacteria, and is 
likely the protein that is missing in this child’s 
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 20. The correct answer is D. The infant’s fam-
ily history is suggestive of a trait with X-linked 
inheritance, and the preponderance of bacte-
rial infections suggests a defect in the humoral 
(antibody-mediated) immune response. These 
two clues are most suggestive of a diagnosis of 
Bruton X-linked agammaglobulinemia. The 
molecular defect occurs in a signaling mol-
ecule named BTK (Bruton tyrosine kinase), 
leading to maturing arrest of developing B 
cells at the pre-B-cell stage. Arrest at the pre-
B-cell stage would result in an inability to 
produce immunoglobulins; thus, the patient 
would have very low levels of all immunoglob-
ulins in his serum. In the first several months 
of life, the infant can get by without problems 
because of the mother’s IgG (still present). 
Indeed, it should be noted that these patients 
are particularly susceptible to extracellular 
pyogenic bacterial infections with organisms 
such as Haemophilus influenzae, Streptococ-
cus pyogenes, Staphylococcus aureus, and 
Streptococcus pneumoniae. The only physical 
finding for Bruton patients is the absence, or 
near absence, of tonsils and adenoids, which 
are B-cell-rich tissues. Patients diagnosed with 
Bruton will need to be treated with replace-
ment immunoglobulin.

Answer A is incorrect. A CD4 T-lymphocyte 
count <200/mm3 suggests a diagnosis of AIDS, 
not an inherited genetic defect. Without any 
indication that his mother has HIV, there 
would be no reason to suspect HIV for the boy. 
AIDS patients have a defect in cell-mediated 
immunity, but the repeated bacterial infections 
in this case indicate the patient has a defect in 
humoral immunity.

Answer B is incorrect. Absence of T lympho-
cytes would result in a defect in cell-mediated 
immunity, and the patient would be more 
highly susceptible to viral and intracellular 
bacterial pathogens. Decreased T cells are 
seen in DiGeorge syndrome because of ab-
sence of thymus.

Answer C is incorrect. The physical exami-
nation and family and patient history are all 
highly suggestive of an immunoglobulin defi-
ciency.

by T-helper cells. A person with HIV infec-
tion will not be deficient in B lymphocytes. In 
fact, individuals with HIV may produce a large 
amount of antibodies from B lymphocytes.

Answer D is incorrect. CD40 is found on B 
lymphocytes. Costimulation with T lympho-
cytes occurs via the CD40 ligand and is re-
quired for activation of B lymphocytes. CD40 
is not found on T lymphocytes

Answer E is incorrect. CD56 is a marker that 
is specific for natural killer cells, which are un-
affected in HIV infection. It should be noted 
that natural killer cells are an important part of 
the body’s defense against tumors.

 19. The correct answer is B. Celiac sprue is also 
known as gluten-sensitive enteropathy, non-
tropical sprue, and celiac disease. It is due to a 
sensitivity to gluten, which is found in wheat, 
grains, and many cereals. Biopsy shows marked 
atrophy, total loss, or flattening of the villi of 
the small bowel.

Answer A is incorrect. Abetalipoproteinemia 
is an autosomal recessive disease that causes a 
defect in the synthesis and export of lipids by 
mucosal cells because of the inability to syn-
thesize apolipoprotein B. These patients usu-
ally have acanthocytes (or spur cells, RBCs 
that have spiny projections) and do not have 
any characteristic features of the intestine 
found in celiac disease.

Answer C is incorrect. Lactase deficiency 
causes osmotic diarrhea from the inability to 
break down lactose into glucose and galactose.

Answer D is incorrect. Viral enteritis, usually 
caused by a rotavirus, is common in children 
and can cause diarrhea. However, the clinical 
time course, suggested gluten sensitivity, and 
findings on biopsy make viral enteritis unlikely.

Answer E is incorrect. Whipple disease usu-
ally presents in middle-aged men who have 
malabsorptive diarrhea, and the hallmark is the 
presence of periodic acid-Schiff-positive mac-
rophages in the intestinal mucosa. Rod-shaped 
bacilli of the causal agent, Tropheryma whip-
pelii, are found on electron microscopy.



 Chapter 5: Immunology • Answers 117

Im
m

unology
HIgH-YIeld PrIncIPles

 22. The correct answer is C. This clinician is 
concerned that the fetus may have erythro-
blastosis fetalis (hemolytic disease of the new-
born). This disease is mediated by maternally 
derived IgG anti-Rh antibodies developed in 
Rh-negative mothers that are directed at the 
Rh antigen present on the fetal RBCs of a Rh+ 
fetus in a previous pregnancy. If the mother 
possesses the antibodies developed from a pre-
vious exposure to an Rh+ fetus, they may cross 
the placenta (antibodies of the IgG isotype 
readily cross the placenta) and coat the fetal 
RBCs of a Rh+ fetus if the mother is now preg-
nant with another Rh+ child. Antibody coating 
of the RBCs leads to phagocytosis of RBCs (via 
Fc receptors) and/or destruction of the RBCs 
by the complement system and potentially fa-
tal anemia. This antibody-mediated cytotoxic 
reaction is an example of a type II hypersensi-
tivity reaction.

Answer A is incorrect. Graft-versus-host dis-
ease is a potentially lethal side effect of bone 
marrow transplantation.

Answer B is incorrect. Type I hypersensitivity 
reactions are antibody-mediated but require 
antigen binding to IgE, which is prebound to 
the surface of mast cells. Mast cell degranula-
tion then ensues. Examples include anaphy-
laxis, asthma, hives, and local wheal and flare.

Answer D is incorrect. Type III hypersensitiv-
ity reactions are immune complex-mediated. 
Examples include polyarteritis nodosa, glomer-
ulonephritis, rheumatoid arthritis, and SLE. 

Answer E is incorrect. Type IV hypersensitiv-
ity reactions are a group of T-cell-mediated 
pathologies. Examples include the tuberculin 
skin test, transplant rejection, and contact der-
matitis.

 23. The correct answer is E. This patient has 
Wiskott-Aldrich syndrome, an X-linked disor-
der resulting in the body’s inability to mount 
an IgM response to bacteria. Recurrent pyo-
genic infections, eczema, and thrombocytope-
nia are the typical triad of symptoms. Wiscott-
Aldrich syndrome does not present with any 
specific enzyme abnormality.

Answer E is incorrect. Low serum IgA levels 
are suggestive of selective IgA deficiency, the 
most common inherited immunodeficiency 
in the European population and, interestingly 
enough, one that appears to have no striking 
disease associations. These patients may pro-
duce autoantibodies to IgA that make them 
susceptible to anaphylactic reactions when 
transfused with normal blood products con-
taining IgA.

 21. The correct answer is A. Systemic lupus ery-
thematosus (SLE) is a chronic autoimmune 
disease that affects multiple organ systems, 
including the kidney. It presents with a vari-
ety of symptoms including arthropathy, malar 
rash, Raynaud phenomenon, and pleural and 
pericardial effusions. SLE affects young adults 
(women almost three times more than men) 
and usually presents with a combined ne-
phritic and nephrotic picture. Lupus nephrop-
athy is a heterogeneous renal disease that is a 
consequence of immune complexes deposited 
in the glomerulus. Anti-dsDNA antibodies and 
low serum complement levels are markers for 
renal involvement in lupus. Histologic sec-
tions of biopsies from an SLE-affected kidney 
have a peculiar wire-loop appearance with sub-
endothelial basement membrane deposits. In 
general, immunosuppressants are used to mini-
mize the inflammatory effects of lupus on the 
kidney.

Answer B is incorrect. A “tram track” appear-
ance is typically seen in membranoprolifera-
tive glomerulonephritis.

Answer C is incorrect. Lupus nephritis is con-
sidered a heterogeneous renal disease that can 
have a variety of presentations including active 
or inactive diffuse, segmental, or global glo-
merulonephritis.

Answer D is incorrect. Immune complex de-
position causes complement activation and 
leads to low serum complement levels.

Answer E is incorrect. SLE is associated with 
anti-dsDNA and anti-Smith antibodies, not an-
timitochondrial antibodies.
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infected bite, patients may develop erythema 
migrans at the site of the bite and additional 
annular lesions. They may also display symp-
toms of cardiac and neurologic involvement, 
including first-degree heart block, myopericar-
ditis, meningitis, cerebellar ataxia, and seventh 
nerve facial palsy. In addition, patients often 
experience a migratory musculoskeletal pain. 
They do not, however, experience respiratory 
or ocular symptoms.

Answer B is incorrect. Pneumonia is an infec-
tion of the lung involving the alveoli, intersti-
tia, and distal airways whereupon the alveoli 
become consolidated with WBCs, RBCs, and 
fibrin. The patient with pneumonia may have 
fever, cough, and an increased respiratory 
rate, as this patient does. However, physical 
exam would display findings of dullness to per-
cussion in a lobar distribution in addition to 
other breath sounds such as wheezes or râles, 
and findings would be unlikely to be bilateral. 
Coughing often produces sputum.

Answer D is incorrect. SLE is an autoimmune 
disease in which circulating antibodies and 
immune complexes cause systemic damage 
to the body. SLE is most prevalent in women 
and African-American people. Symptoms can 
affect all organ systems and cause polyarthri-
tis, malar rash, nephritis, vascular occlusions, 
and pericarditis. Neurologic symptoms include 
headache, cognitive dysfunction, seizures, and 
myelopathy, but seventh nerve involvement is 
not particularly common. Pulmonary symp-
toms usually manifest as a pleuritis with or 
without pleural effusion, but one would not 
see granulomas on radiography.

Answer E is incorrect. TB is caused by the 
acid-fast bacterium Mycobacterium tuberculo-
sis, which produces a primary infection of the 
lungs. Symptoms include fever, night sweats, 
malaise, weakness, and dry cough. Radiogra-
phy may reveal paratracheal or hilar lymph-
adenopathy, as in this patient. However, while 
it is possible that her nonpulmonary symptoms 
may occur with extrapulmonary TB, her puri-
fied protein derivative test is negative, making 
it less likely that she has been exposed to the 
bacterium.

Answer A is incorrect. Hypocalcemia is char-
acteristic of thymic aplasia (DiGeorge syn-
drome), in which the third and fourth pha-
ryngeal pouches, and thus the thymus and 
parathyroid glands, fail to develop. As a result 
patients may experience tetany. Thymic apla-
sia often presents with congenital defects such 
as cardiac abnormalities, cleft palate, and ab-
normal facies.

Answer B is incorrect. IgA levels are elevated 
in Wiskott-Aldrich syndrome. They are low 
in hyper-IgM syndrome, ataxia-telangiectasia, 
and in selective IgA deficiency.

Answer C is incorrect. IgE levels are elevated 
in Wiskott-Aldrich syndrome. They are low 
in hyper-IgM syndrome, in which B cells are 
unable to class switch because of a defect in 
helper T cells; these patients have high levels 
of IgM and low IgG, IgA and IgE levels.

Answer D is incorrect. Wiskott-Aldrich syn-
drome is characterized by thrombocytopenia 
and small platelets, rather than lymphopenia. 
Lymphopenia is typical of patients with severe 
combined immunodeficiency, who also have 
reduced levels of all immunoglobulin isotypes 
and are infected early in life by opportunistic 
pathogens.

 24. The correct answer is C. Sarcoidosis is a sys-
temic inflammatory process that involves an 
exaggerated Th1 immune response of un-
known etiology. It generally causes respiratory 
symptoms, with the appearance of hilar lymph-
adenopathy and noncaseating granulomas 
in the lungs, but can affect any organ system. 
Acute sarcoidosis can develop suddenly over a 
period of weeks, with both constitutional and 
respiratory symptoms. The Heerfordt-Walden-
ström syndrome of acute sarcoidosis includes 
the development of fever, parotid enlargement, 
anterior uveitis, and facial nerve palsy, as seen 
in this patient. Of the neurologic symptoms 
seen in sarcoidosis, seventh nerve involvement 
is the most common.

Answer A is incorrect. Lyme disease is a multi-
system infection caused by the spirochete Bor-
relia burgdorferi, carried by the Ixodes scapu-
laris tick. Within the first few weeks after an 
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normal IgG level is characteristic of Wiskott-
Aldrich syndrome. Wiskott-Aldrich syndrome 
is an X-linked disorder that results in a reduced 
IgM response to encapsulated bacteria. The 
triad of symptoms consists of recurrent pyo-
genic infections, eczema, and thrombocytope-
nia.

Answer D is incorrect. Normal immunoglobu-
lin levels and a negative nitroblue tetrazolium 
dye reduction test are characteristic of chronic 
granulomatous disease. Chronic granuloma-
tous disease results from an NADPH oxidase 
deficiency that reduces the ability of phago-
cytes to kill catalase-positive bacteria. It does 
not present with low levels of immunoglobu-
lins. The definitive test for this disorder is a 
negative nitroblue tetrazolium dye reduction 
test.

Answer E is incorrect. Normal immunoglob-
ulin levels can be seen in thymic aplasia (Di-
George syndrome). Thymic aplasia, in which 
the thymus and parathyroids fail to develop, 
results from the failure of the third and fourth 
pharyngeal pouches to develop. Consequently, 
T cells are completely absent. Patients with 
thymic aplasia typically present with recur-
rent viral and fungal infections. They may also 
have disorders of the great vessels and heart 
and may experience tetany due to hypocalce-
mia.

 27. The correct answer is D. Type IV hypersen-
sitivity reactions (also known as delayed-type 
hypersensitivity) are mediated by previously 
activated T-helper 1 (Th1) cells. These cells 
recognize the TB-derived peptide and carbo-
hydrate mixture that is administered during 
the tuberculin test. These Th1 cells become 
activated to secrete interferon-γ and tumor 
necrosis factor-b, which mediate a local in-
flammatory response within 24-48 hours after 
administration of the injection. These Th1 ef-
fector cells are present only in individuals who 
have previously been exposed to Mycobacte-
rium tuberculosis or those who were vaccinated 
with bacille Calmette-Guérin. It is important 
to note that other type IV hypersensitivity reac-
tions include celiac disease and contact hyper-
sensitivities such as poison ivy.

 25. The correct answer is D. This patient is likely 
presenting with renal amyloidosis. (Remem-
ber, amyloid deposits show apple-green bire-
fringence in polarized light). Clonal plasma 
cells express abnormal amounts of light chain 
protein. The organs most affected are the kid-
neys and the heart. Symptoms include neurop-
athy, proteinuria, edema, hepatosplenomegaly, 
and congestive heart failure.

Answer A is incorrect. C2 is a complement 
protein; complement is a system of proteins 
that aid in humoral immunity and inflamma-
tion. It is not involved in amyloidosis patho-
genesis.

Answer B is incorrect. CD8 is a protein found 
on cytotoxic T lymphocytes and is involved in 
immune response. It is not involved in amyloi-
dosis.

Answer C is incorrect. The Fab fragment is 
the part of the antibody that binds to the anti-
gen and includes both light and heavy chains. 
Amyloidosis is associated only with abnormal 
light chain protein.

Answer E is incorrect. Major histocompatibil-
ity complex II is a protein complex that is in-
volved in presenting antigens to immune cells. 
It is not involved in amyloid protein deposi-
tion.

 26. The correct answer is B. Selective immuno-
globulin deficiency is a deficit in a specific 
class of immunoglobulins. IgA deficiency is 
the most common of these. Because IgA is the 
most prominent immunoglobulin found in 
mucous membranes, patients suffering from a 
deficiency of it can present with sinus and lung 
infections.

Answer A is incorrect. A very high IgE level 
and normal levels of all other immunoglobu-
lins are characteristic of Job syndrome. Job 
syndrome is a disorder of the immune system 
that involves the failure of helper T cells to 
produce interferon-γ. It presents with multiple 
“cold” (or noninflamed) skin lesions and high 
IgE levels.

Answer C is incorrect. A low IgM level in 
conjunction with an elevated IgA level and a 
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telangiectasia. Ataxia-telangiectasia is an auto-
somal recessive disorder caused by a mutation 
on chromosome 11q22-23 that results in a de-
fect in DNA repair enzymes. It manifests as a 
variable combination of progressive neurologic 
impairment, cerebellar ataxia, variable im-
munodeficiency (usually IgA deficiency) with 
susceptibility to sinopulmonary infections, im-
paired organ maturation, x-ray hypersensitivity, 
ocular and cutaneous telangiectasia, and a pre-
disposition to malignancy.

Answer A is incorrect. A noninflamed or 
“cold” abscess is characteristic of Job syndrome 
which results from a failure of interferon-γ 
production by helper T cells. The lack of 
interferon-γ leads to the failure of the neutro-
phil response to chemotactic stimuli. Patients 
with Job syndrome present with eczema, 
coarse facies, retained primary teeth, and high 
levels of IgE.

Answer B is incorrect. Cleft palate is a com-
mon feature of thymic aplasia (DiGeorge syn-
drome). Thymic aplasia results from failure of 
the third and fourth pharyngeal pouches (and 
thus the thymus and parathyroid glands) to de-
velop. The disease often presents with congeni-
tal defects such as cardiac abnormalities, cleft 
palate, and abnormal facies. Thymic aplasia 
can also present with tetany due to hypocalce-
mia.

Answer D is incorrect. Granulomas are col-
lections of cells seen in (among other things) 
chronic granulomatous disease. This disease 
is caused by an inability of neutrophils to kill 
bacteria once they have phagocytosed them.

Answer E is incorrect. Visual hallucinations 
are not a symptom of any of the known im-
mune deficiencies.

 30. The correct answer is A. Microscopic poly-
angiitis is one of the trio of diseases (with 
Wegener granulomatosis and Churg-Strauss 
syndrome) that are referred to as the ANCA 
(antineutrophil cytoplasmic antibody)-asso-
ciated vasculitides. Over 80% of patients with 
this disease have ANCA, namely the peri-
nuclear pattern of staining (P-ANCA) type. 
Inflammation of the pulmonary capillaries, 

Answer A is incorrect. While mast cells are 
involved in the pathogenesis of type I hyper-
sensitivity reactions, the tuberculin test is an 
example of a type IV reaction.

Answer B is incorrect. While cytotoxic T lym-
phocytes are involved in the pathogenesis of 
type II hypersensitivity reactions, the tubercu-
lin test is an example of a type IV reaction.

Answer C is incorrect. Mast cells are not di-
rectly involved in the pathogenesis of type IV 
hypersensitivity reactions.

Answer E is incorrect. While a positive tuber-
culin test is an example of a type IV hypersen-
sitivity reaction, it is mediated by T-helper 1 
(Th1) cells, not Th2 cells. Th2 cells are those 
that help the humoral (antibody-mediated) 
arm of the immune response.

 28. The correct answer is A. The patient in this 
scenario has myasthenia gravis. This condition 
is characterized by ptosis, limb weakness, and 
difficulty breathing. The key mediator is an 
autoantibody to the acetylcholine receptor on 
the postsynaptic membrane. All antibody mol-
ecules consist of two identical heavy chains 
and two identical light chains that are held to-
gether by disulfide bonds.

Answer B is incorrect. Hydrogen bonds are 
weaker than disulfide bonds and do not con-
nect the antibody chains.

Answer C is incorrect. Ionic bonds are found 
in chemicals such as sodium chloride but are 
not responsible for holding antibody chains to-
gether.

Answer D is incorrect. Triple covalent bonds 
are seen between some atoms, such as nitro-
gen, but are not responsible for holding the 
chains of antibody molecules together.

Answer E is incorrect. Van der Waals forces 
are weak attraction forces and do not play a 
significant role in holding antibody chains to-
gether.

 29. The correct answer is C. The image shows 
spider angiomas, which are common on 
the ears and cheeks of patients with ataxia-
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Answer D is incorrect. SLE is associated with 
anti-nuclear, anti-dsDNA, anti-Smith antibod-
ies. None of these are particularly associated 
with microscopic polyangiitis.

Answer E is incorrect. While the clinical pre-
sentation is similar, Wegener granulomatosis is 
associated with cytoplasmic (not perinuclear) 
ANCA, which is not very common in patients 
with microscopic polyangiitis.

which can lead to hemoptysis, is common in 
these patients, and 90% of patients have necro-
tizing glomerulonephritis (leading to hematu-
ria). Other common symptoms include intesti-
nal pain/bleeding, muscle pain, and weakness. 
Churg-Strauss syndrome also involves the pul-
monary vasculature and is associated with eo-
sinophilia as well as elevated P-ANCA levels.

Answer B is incorrect. The CREST variant of 
scleroderma is associated with anti-centromere 
antibodies, which are not particularly associ-
ated with microscopic polyangiitis.

Answer C is incorrect. Sjögren syndrome is 
associated with antiribonucleoprotein (anti-
RNP) antibody SS-A (Ro), which is present 
in 70%-95% of patients, and SS-B (La), which 
is present in 60-90% of patients. Neither anti-
body is associated with microscopic polyangi-
itis. 
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