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1. 
A  2-year-old boy with fever is referred to you because of recurrent upper and lower respiratory symptoms. A sweat test had been done and was negative. He has had frequent otitis media despite multiple courses of antibiotics. The family history is negative. The physical examination is normal except for small tonsils and rales at the lung bases. 

Which of the following is the most appropriate next step in the evaluation of this patient? 




a.
Repeat sweat test




b. 
Allergy skin tests




c.
Perform a CH50



          d. 
Immunoglobulin quantification




e. 
Perform lymphocyte stimulation studies 

2. 
A 17-month-old male infant is referred because of recurrent infections. The family history is positive for gamma globulin deficiencies in the maternal grandfather and 2 maternal uncles. Serum immunoglobulin concentrations are reportedly low and he lacks antibodies to his vaccine antigens. Which of the following tests would be most informative in your evaluation of this infant? 




a.
IgG subclass determinations




           b.        Flow cytometry for lymphocyte subset enumeration




c.
Antibody titers 3 weeks after a Pneumovax immunization




d.
Pokeweed mitogen stimulation of his blood lymphocytes




e. 
HLA typing

3.
        A 4-month-old girl with newly diagnosed severe combined immunodeficiency (SCID) is referred to you for further evaluation and treatment. She has an absolute lymphocyte count of less than 500/mm3. Which of the following is most likely to reveal the underlying cause of her SCID? 




a.
Mutation analysis for c deficiency




           b.       Flow cytometry for lymphocyte subset enumeration




c.
Serum immunoglobulin measurements



           d.
Measuring adenosine deaminase in her red blood cells




e. 
Lymphocyte stimulation with PHA

4.
      A 3-year-old girl is referred to you because immunologic testing by her primary care physician revealed that she is IgA deficient. Her mother reports that she walked at 18 months but that she stumbles frequently. She has never had a skin rash and her eyes are normal. What next step do you need to do to establish the diagnosis?




a.
Repeat the IgA determination


b.       Perform mutation analysis for activation-induced cytidine deaminase deficiency



          c.        Perform a neurologic exam for cerebellar dysfunction



          d.        Perform a lumbar puncture and test for echoviruses



          e.        Measure serum and urinary uric acid levels

5.
       You are called to the delivery room to examine a newborn male infant with a family history of early infant death in lateral maternal male relatives. The infant is full term and appears normal. What is the most informative first test you can perform to determine if he is affected with a lethal T cell immunodeficiency?




a.
Measure immunoglobulin concentrations in his cord blood


b. Perform mutation analysis for Janus kinase 3 deficiency
         

c.      
Determine ADA and PNP levels in his cord blood
          




d.
Examine his mouth for thrush



           e. 
Perform a stat white blood cell count and manual differential on the cord blood to determine his absolute lymphocyte count

6.
        An 18-year-old young man comes to see you with the chief complaint that he ‘wants to have gene therapy’ for his common variable immunodeficiency (CVID). He states that he has been receiving monthly IVIG infusions continuously since infancy and that he has had several ports placed for these administrations. He denies infections other than central line infections. However, he states that he has chronic nasal congestion. Which of the following results would point to the correct diagnosis and refute his longstanding diagnosis of CVID?




a.
Normal IgG subclasses


b.        A normal anti-tetanus antibody titer

  

           c.      
Flow cytometry showing a normal number of B cells
          



          d.
Multiple 4+ positive allergy skin tests 


 

          e. 
A lymph node biopsy

7.        An 18-year-old college freshman develops acute infectious mononucleosis. He remains ill for several weeks, requiring intensive care. Subsequently he is diagnosed with common variable immunodeficiency (CVID). He has a brother who is tested for CVID but is found to be normal. Five years later the brother dies of a lymphoma and is found to have extremely low immunoglobulins. The most likely diagnosis in the patient and in his brother is:




a.
A Bruton tyrosine kinase mutation


          b.        An SH2D1A mutation

  

          c.      
An activation-induced cytidine deaminase deficiency
          



          d.
Nuclear factor of kappa b essential modulator deficiency


 

          e. 
Zeta-associated protein deficiency

8.        A 7-month-old male infant is seen for a second opinion regarding a diagnosis of severe combined immunodeficiency (SCID) and a recommendation that he be treated with a chemoablated matched unrelated donor (MUD) cord blood transplant. He is agammaglobulinemic and has extremely low numbers of all lymphocytes, including T and B cells. However, a chest x-ray shows a normal ‘sail’ sign, and PHA stimulation of his blood lymphocytes reveals a normal response. The most likely diagnosis of this infant’s condition is:



          a.
MHC antigen deficiency


          b.        IL-12 receptor deficiency

  

          c.      
Intestinal lymphangiectasia
          



          d.
Interferon gamma receptor deficiency


 

          e. 
CD3 deficiency

9.        An 18-month-old infant is referred because of recurrent infections and lymphadenopathy. Serum immunoglobulin measurements have revealed that IgA and IgG are absent but that the IgM level is 1000 mg/dl. The most likely diagnosis in this infant is:



a.
CD40 ligand deficiency


           b.        Nuclear factor of kappa b essential modulator deficiency




c.      
Autoimmune lymphoproliferative syndrome
          



          d.
Activation-induced cytidine deaminase deficiency


 

          e. 
c deficiency

10.
A 3 year old girl presents with Echovirus meningoencephalitis and is found to be agammaglobulinemic. Flow cytometry reveals that she has no circulating B cells. Which of the following is she most likely to have?




a.
CD40 mutation


           b.       A mu heavy chain mutation




c.      
Janus kinase deficiency
          



           d.
A Bruton tyrosine kinase mutation


 

           e. 
Common variable immunodeficiency
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1. You receive a phone call from the mother of a former patient who was diagnosed at four years of age with non-Hodgkin’s lymphoma and underwent an unsuccessful BMT after the lymphoma recurred.  She is concerned about her 11-year-old son who has just been evaluated for recurrent sinusitis and impetigo and found to have low IgG and IgA levels.  The mother reminds you that her brother had died of fulminant hepatitis following infectious mononucleosis while in college.


The most likely disorder in her 11-year-old son is:


a.   Common Variable Immunodeficiency.


b.   X-linked Hyper IgM syndrome.

(
c.   X-linked Lymphoproliferative syndrome.


d.   Autoimmune Lymphoproliferative syndrome (ALPS).


e.   IgA deficiency.

2. You are asked to see an eight-month boy who was found to have thrombocytopenia at two months of age when he was evaluated for bloody diarrhea.  Prior treatments with IVIgG and WhinRo did not substantially improve the platelet counts.  Today his Hb is 8.5 and platelets are 11,000; he has a low-grade fever with bilateral otitis media, enlarged lymph nodes in the axillary and inguinal areas and patchy eczema.


To further investigate your suspicion of Wiskott Aldrich syndrome during this visit you choose to perform the following:


a.   A bone marrow biopsy to exclude ALL.


b.   Administer a platelet transfusion.


c.   Order antiplatelet antibodies.


d.   Send a Coombs test.

(
e.   Obtain a detailed family history and examine the peripheral blood smear.

3. You are consulted about a four-year-old with documented DiGeorge syndrome who has had episodes of immune mediated cytopenias.  Her CD4 count is 90.  Her parents have been on the Internet and are convinced that the low blood counts were associated with the use of Bactrim (sulfamethoxazole) for PCP prophylaxis, and refuse to use the drug.


You suggest the following options:


a.   monthly IV Pentamidine aerosol.


b.   oral Dapsone.


c.   oral Atovaquone.


d.   IVIgG.

(
e.   b. or c.
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1. Which of the following immunoglobulin subtypes is transferred in significant amounts across the placenta from mother to child?

a. IgM

b. IgA

c. IgG

d. IgE

e. IgD

Explanation: The answer is c.  IgM and IgA being pentameric and dimeric respectively are too large to cross the placenta.  IgD and IgE are both very low in concentration, and the function of IgD if any is not known.

2. The lymphocyte profile of infants compared to adults shows:

a. higher absolute lymphocyte count

b. lower absolute CD4 T cell count

c. lower absolute CD19 B cell count

d. lower total white blood cell count

e. lower absolute neutrophil count

Explanation: The answer is a.  Infants have a higher absolute lymphocyte count, average around 6000 versus 2000 in adults.  This is on the basis of higher CD4 counts, CD8 counts and CD19 counts.  Thus b and c are incorrect.  The overall white count is likewise elevated in infants, therefore d is wrong.  Both the absolute lymphocyte count and absolute neutrophil count are higher, therefore e is wrong.

3. A newborn with a family history of X-linked severe combined immunodeficiency has been screened for possible disease with lymphocyte subsets at birth and has the following lymphocyte profile:

absolute lymphocytes: 2000

CD3: 10%

CD4: 2%

CD8: 8%

CD19: 88%

CD16/56: 2%

The next appropriate step in diagnosis and management would be to:

a. discharge and repeat subsets in 1 month

b. reassure the family that the presence of T & B cells rules out SCID

c. send lymphocyte proliferation studies 

d. begin prophylactic penicillin

e. send HIV antibody test

Explanation:  The answer is c.  The profile given here is characteristic of a patient with severe combined immunodeficiency, T-, B+ similar to X-linked SCID, with some maternal engraftment, leading to a small number of detectable T cells with an abnormal CD4 to CD8 ratio.  An absolute lymphocyte count of 2000 in a newborn, while normal for an adult, is very decreased, as is an absolute T cell count of 10% x 2000 = 200 for either an adult or a newborn.  Thus a is incorrect as is b.  While the low CD4 count raises the possibility of HIV, the absolute number of CD8 cells being low at 8% x 2000 = 160 argues against this, and the family history is much more suggestive of SCID than HIV infection.  Also, HIV antibody testing of a newborn will reflect maternal antibody, not neonatal infection.  Prophylactic penicillin would protect against bacterial infection due to inability to make antibody, but the T cell defect here would more importantly predispose to opportunistic infection, thus d is not the next appropriate step.  The diagnosis of SCID when maternal T cells are present should be made on the basis of lack of lymphocyte proliferation and confirmation that the T cells present are maternally derived by chromosomal or FISH studies.

4. You are asked to give a second opinion on a 1 year old boy with a history of low IgG and recurrent bacterial infections.  At 6 months he was found to have IgG of 100, was diagnosed with transient hypogammaglobulinemia of infancy, and has been treated with prophylactic antibiotics with some reduction in sinopulmonary infections.  You send laboratory studies which show:

absolute lymphocyte count: 4000

CD3: 90%

CD4: 55%

CD8: 35%

CD19: 0%

CD16/56: 10%

IgG 10 (215-704)

IgM 90 (35-102)

IgA 3 (8.1-68)

lymphocyte proliferation to mitogens


patient: 100,500 cpm


control: 111,200 cpm


background: 500 cpm

Based on your assessment you:

a. agree with the first diagnosis and management

b. agree with the diagnosis but recommend immunoglobulin replacement

c. suspect severe combined immunodeficiency

d. suspect X-linked agammaglobulinemia

e. suspect hyper-IgM, which can sometimes present with normal IgM

Explanation: The answer is d.  Transient hypogammaglobulinemia is by definition transient and is not usually characterized by an absence of B cells, only a reduced level of immunoglobulin, thus answer a is incorrect.  The patient has 0 B cells, but a normal number of T cells and NK cells.  Thus this is unlikely to be SCID, answer c.  While it is true that hyper-IgM syndrome can sometimes present with normal IgM, this condition is a functional defect in T and B cell function and is not characterized by absence of B cells.  Patients with transient hypogammaglobulinemia of infancy only require immunoglobulin replacement if clinical infections are poorly controlled by prophylactic antibiotics, and the diagnosis here is not THI, thus b is incorrect.

5. You are asked to evaluate a 6 month old infant with the ICU who has been diagnosed with Pneumocystis pneumonia.  The complete blood count and lymphocyte profile shows:

WBC: 15.3, 87% neutrophils, 2% lymphocytes, 11% monocytes

hemoglobin: 12.1

hematocrit: 35.2

platelets: 352,000

CD3: 0%

CD4: 0%

CD8: 0%

CD19: 0%

CD16/56: 100%

a. severe combined immunodeficiency due to mutation in IL2RG gene

b. severe combined immunodeficiency due to RAG1 mutation

c. severe combined immunodeficiency due to adenosine deaminase (ADA) mutation

d. Wiskott-Aldrich syndrome

e. HIV infection

Explanation: The answer is b.  Presentation with Pneumocystis pneumonia is highly suggestive of T cell immunodeficiency and the profile indeed shows an absence of T and B cells.  Thus this patient does not have Wiskott-Aldrich syndrome, which is characterized by low platelets, eczema and T/B cell dysfunction despite normal numbers.  HIV likewise would not cause an absolute absence of CD8 T cells or CD19 B cells.  The patient has severe combined immunodeficiency, with a profile most characteristic of a defect in antigen receptor (T cell receptor, B cell receptor) rearrangement, since cells of the immune system that are not adaptive and do not have rearranged receptors, the NK cells, are intact.  Common gamma chain mutation leads to a profile with absent T cells and present but non-functional B cells.  Adenosine deaminase mutation affects the ability of all lymphocytes to detoxify the products of purine breakdown, and thus typically those patients lack all lymphocytes including NK cells.

6. An 8 month old boy presents with frequent sinopulmonary infections and a diagnosis of X-linked agammaglobulinemia is made.  Which of the following test results or clinical symptoms is consistent with this diagnosis?

a. oral thrush on examination

b. absence of CD3+ lymphocytes

c. onset of symptoms at 2 months of age

d. absence of CD19+ lymphocytes

e. absence of thymic shadow on chest x-ray

Explanation:  The answer is d.  X-linked agammaglobulinemia is a defect in Btk, a B cell specific kinase that is critical for the developmental of normal mature B cells.  Thus these patients lack peripheral B cells.  Oral thrush is characteristic of T cell deficiency, thus a is incorrect, as is b and e.  Because children with XLA have placentally acquired maternal IgG, the symptoms, unlike deficiency of T cells, tend not to occur until after maternal IgG has waned, around 6-9 months, thus c is incorrect.  

7. An infant who recently underwent correction of interrupted aortic arch has had recurrent pneumonias.  He is found to have near absent IgG and is on replacement.  His other medications include hydrochlorothiazide and calcium gluconate.  He is an only child with no family history of immunodeficiency. You order lymphocyte subsets and find the following:

ALC: 1500

CD3: 3%

CD4: 2%

CD8: 1%

CD19: 72%

CD16/56: 25%

Based on these subsets you recommend:

a. enzyme testing for adenosine deaminase deficiency (ADA)

b. analysis for deletions of chromosome 22 by FISH

c. follow-up to assess subsets after full recovery from surgery

d. sequencing of IL2RG gene

e. immediate referral for hematopoietic stem cell transplantation

Explanation: The answer is b.  This patient with cardiac defects, near-absent T cells, normal B cell numbers and hypocalcemia fits the clinical picture for DiGeorge syndrome.  While the subsets themselves could be consistent with X-linked SCID due to defects in IL2RG, the associated findings make DiGeorge much more likely, thus d is incorrect.  ADA deficiency typically leads to toxic damage to all lymphocytes, thus a is incorrect.  While thymic removal at the time of surgery over the long term does affect the ability of infants to generate new T cells, this level of deficiency is too profound to be due to thymic removal, as mature T cells would be expected to persist, thus c is wrong.  Finally, since DiGeorge syndrome is due to an absence of thymic epithelium, not due to an intrinsic defect in T progenitors, the role of HSCT in its treatment is limited.  In this patient without a sibling, HSCT is not clearly efficacious.  Therefore e is incorrect. 

8. A 10 month old boy presents with rectal bleeding and is found to have colitis.  You are called to evaluate him because of a platelet count of 8,000.  On further questioning he had a maternal uncle who died of intracerebral hemorrhage as a toddler.  The child has had several ear infections and two episodes of pneumonia.  His physical examination is notable for mild eczema, mildly tender lower abdomen and no hepatosplenomegaly.  Which of the following are you most likely to find on further testing and review?

a. peripheral blasts

b. abnormal platelet aggregation studies

c. small platelet size

d. absolute lymphopenia and absence of CD3 cells

e. absence of IgG

Explanation: The answer is c.  This patient has Wiskott-Aldrich syndrome, which in addition to presenting with thrombocytopenia, eczema and immunodeficiency, can present with autoimmune manifestations such as colitis.  The presentation is not suggestive of leukemia, thus a is incorrect.  Small platelets are highly characteristic.  Though the platelets are thought to not quite function normally the defect is subtle and not well characterized, hence b is incorrect.  Answer d would be more characteristic of SCID which should not cause low platelets.  Any profound T or B cell defect can lead to absence of IgG, but patients with Wiskott-Aldrich syndrome generally have preservation of T and B cell numbers, hence e is incorrect.

9. A 13 year old boy presents to the emergency room complaining of fever, sore throat and malaise.  On examination the child is toxic appearing with temperature of 39C, has cervical lymphadenopathy, massive hepatosplenomegaly and pharyngitis.  While admitted for hydration he develops hypotension, pleural effusions, ascites and is intubated.  Family history reveals a maternal uncle who died of non-Hodgkin’s lymphoma at age 20 years, a brother who has hypogammaglobulinemia, two healthy sisters and one healthy brother.  Which test should be sent to make the appropriate diagnosis?

a. analysis of perforin expression 

b. bone marrow aspirate and biopsy

c. immunoglobulin panel and subclasses

d. analysis of SAP expression 

e. cytomegalovirus antigen from blood

Explanation: The answer is d.  This patient has fulminant mononucleosis from overwhelming EBV infection in the context of X-linked lymphoproliferative disease.  The manifestations can be varied including slow development of hypogammaglobulinemia, autoimmune disease, and malignant non-Hodgkin’s lymphoma.  While hemophagocytosis can be seen pathologically, the family history in this case and age of the patient argue against familial hemophagocytic lymphohistiocytosis (HLH) and thus a is incorrect.  Bone marrow aspirate and biopsy will not add to the diagnosis, thus b is incorrect.  The findings of immunoglobulin testing in XLP patients with fulminant EBV are highly variable and are not helpful in determining the cause, thus c is incorrect.  CMV can certainly cause a mononucleosis-like illness but does not explain the fulminance or the family history, thus e is incorrect.

10. An 8-month old adopted girl is referred to you for failure to thrive and anemia.  On further questioning you learn that she has had repeated ear and sinus infections.  On physical examination you note oral thrush.  Her laboratory testing shows:

WBC 8.0, 70% neutrophils, 18% lymphocytes, 10% monocytes, 2% eosinophils

Hemoglobin 9.0

Hematocrit 28.0

MCV 80

Platelets 320,000

IgG 1650 (172-814)

IgA 20 (8.1-84)

IgM 70 (33-108)

Based on these findings you recommend:

a. IgG subclasses

b. iron supplementation

c. bone marrow aspirate and biopsy

d. testing for HIV

Explanation: The answer is d.  This child has evidence of T cell dysfunction with failure to thrive and oral thrush as well as evidence of poor immunoglobulin production.  Yet she has panhypergammaglobulinemia, a common finding in HIV infection.  Subclasses will be of no benefit, thus a is incorrect.  The most common anemia in HIV infection when not on anti-retroviral therapy is anemia of chronic disease, which would not respond to iron supplementation, thus b is incorrect; bone marrow aspirate and biopsy is unlikely to yield an explanation for the whole picture, thus c is incorrect.
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1.
A 3-year-old girl with pre-B cell ALL treated with prednisone, vincristine, asparaginase, and anthracycline develops fever to 102 ºF 10 days after starting induction therapy. Her ANC is 50. Blood cultures from all lumens of her central line are sent. You order:


A.
Liposomal amphotericin 


B.
Vancomycin and ceftriaxone


C.
Antibiotics tailored to results of blood culture


D.
Extended spectrum beta-lactam and quinolone


E.
Aztreonam and gentamicin

Answer: D

Explanation: Patients with fever and neutropenia in the context of chemotherapy often do not localize infection and should be treated presumptively regardless of physical examination findings or blood culture results, hence c. is incorrect. Empiric fungal coverage alone without bacterial coverage (a.) for a first fever is inappropriate. Vancomycin and ceftriaxone is excellent coverage for community acquired encapsulated organisms and skin flora, but is inadequate to cover enteric gram negatives particularly Pseudomonas; thus b. is incorrect. Aztreonam and gentamicin e. gives inadequate gram-positive coverage.

2.
A 5-year-old African-American boy with known G6PD deficiency is being discharged on day +30 after an allogeneic hematopoietic stem-cell transplant. The best drug for prevention of pneumocystis pneumonia in this patient is:


A.
Atovaquone


B.
No prophylaxis needed


C.
Trimethoprim-sulfamethoxazole


D.
Dapsone


E.
Aerosolized pentamidine

Answer: A 

Explanation: Patients post-HSCT should receive prophylaxis against pneumocystis and therefore b. is wrong. Trimethoprim-sulfamethoxazole is the agent of choice but is contraindicated in patients with known G6PD deficiency as is dapsone, which eliminate c. and d. Aerosolized pentamidine is inferior to dapsone in studies of HIV patients and more importantly delivery is likely to be poor in a child this age.

3.
A 16-year-old girl with M2 AML completes therapy with high-dose cytarabine and is on prophylactic fluconazole. Several days later she develops fever to 103 ºF. She rapidly becomes hypotensive and tachypneic, and is on 50% oxygen by face mask. She has no localizing signs on physical exam except for moderate-to-severe stomatitis and the line exit site is nontender and nonerythematous. Chest X ray shows mild bilateral airspace opacities. Your response is to:


A.
Start trimethoprim-sulfamethoxazole 15-20 mg/kg/day IV and consult pulmonology for bronchoscopy.


B.
Send CMV antigen from blood and begin ganciclovir 5 mg/kg/dose IV every 12 hours.


C.
Begin empiric coverage with extended spectrum beta lactam and gentamicin.


D.
Begin empiric coverage with ceftazidime, gentamicin, and change fluconazole to liposomal amphotericin.


E.
Begin empiric coverage with vancomycin, extended spectrum beta lactam, and gentamicin.

Answer: E

Explanation: Exposure to cytarabine predisposes patients to sepsis and ARDS associated with oral Streptococcus species such as S. mitis, best covered with vancomycin. Development of Pneumocystis a. early in induction is unlikely. The clinical picture with airspace disease is inconsistent with CMV pneumonitis b. Answer c. is appropriate for fever and neutropenia without the added risk factors for streptococcal sepsis, while answer d. gives inadequate gram-positive coverage.

4.
A 13-year-old boy undergoing treatment for Burkitt’s lymphoma develops fever to 102.5 ºF while neutropenic and is started on broad-spectrum antibiotics. Several days later he remains neutropenic and maximum temperature in the last 24 hours is 100.5 ºF. Blood culture from the day before is positive for yeast to be identified, and stool surveillance culture reveals methicillin resistant S. aureus. Your response is to:


A.
Begin amphotericin B 0.5 mg/kg/day and perform abdominal CT scan.


B.
Begin amphotericin B 0.5 mg/kg/day and remove the central line.


C.
Begin fluconazole 6 mg/kg/day and remove the central line.


D.
Suspect contaminant and repeat cultures.


E.
Suspect contaminant, repeat cultures, and add coverage for MRSA.

Answer: C

Explanation: Yeast on blood culture is rarely a contaminant in a neutropenic patient and thus d. and e. are incorrect. With the availability of liposomal preparations, using amphotericin B is no longer standard (a. and b.), and the utility of CT scan to screen for hepatosplenic involvement is limited during neutropenia (a.). In a patient not on antifungal prophylaxis with likely candida, who is clinically stable, fluconazole would be appropriate coverage. Removal of the central line in fungemic patients is generally recommended.

5.
A 15-year-old girl 2 months postallogeneic BMT who has grade III skin GVHD controlled on corticosteroids develops bloody diarrhea. CMV antigen and PCR testing of blood is negative. Lower endoscopy reveals mucosal ulceration and nuclear inclusions. Appropriate management would be to:


A.
Start ganciclovir 5 mg/kg/dose every 12 hours.


B.
Start acyclovir 1500 mg/m2/day divided three times a day.


C.
Increase corticosteroids and consider another agent for GI GVHD.


D.
Start oral valganciclovir as suppressive therapy and screen with blood antigen tests weekly.

Answer: A

Explanation: The patient has CMV colitis, predisposed due to cellular immune defects shortly after HSCT and compounded by GVHD and its treatment. Acyclovir is inadequate to treat CMV, therefore b. is incorrect. The finding of nuclear inclusions is consistent with CMV, not with lower GI GVHD, and thus c. is incorrect. Organ involvement with CMV is not always associated with antigenemia. Answer d. is appropriate as preventive therapy, but not for treatment of known disease.

6.
A 6-week-old is evaluated for fever without a source. Physical examination is unremarkable. CBC reveals total WBC 17,000 with 60% neutrophils. Which of the following would make severe combined immunodeficiency highly unlikely?


A.
Normal IgG for age


B.
Lack of family history


C.
Female gender


D.
Presence of thymus on chest X ray


E.
Absolute lymphocyte count of 3,500

Answer: D

Explanation: A 6-week-old should have thymic tissue visible and thymic tissue would be absent in any patient with SCID. IgG crosses the placenta and wanes by 4-6 months. Therefore a. would not rule out SCID as a 6-week-old’s IgG reflects maternal antibody production. Not all cases of SCID have positive family history (b.). The most common form of SCID is X-linked, but autosomal recessive cases would affect females (c.). While an absolute lymphocyte count of 3,500 is low normal for a 6-week-old, SCID with B and NK cells could present with a normal lymphocyte count and maternally engrafted T cells could also make the lymphocyte count normal. 

7.
A 5-month-old boy presents to the emergency room in respiratory distress with a 2-month history of cough and failure to thrive. He is hypoxic with chest X ray showing bilateral airspace opacities. He is diagnosed with pneumocystis pneumonia by bronchoscopy and laboratory studies reveal:

WBC: 13,000

differential: 80% neutrophils, 5% lymphocytes, 12% monocytes, 2% eosinophils, 1% basophils

CD3: 2%

CD4: 1%

CD8: 1%

CD19: 0%

CD16/56: 96%

The inheritance pattern of this disorder is most likely to be:


A.
X-linked recessive


B.
X-linked dominant


C.
Autosomal recessive


D.
Autosomal dominant

Answer: C

Explanation: The most common form of SCID, X-linked recessive due to mutations in IL2RG, is characterized by absent T cells but present or even elevated B cells. The picture here with tiny numbers of T cells, absent B cells and presence of NK cells is most consistent with RAG1 or RAG2 mutation, which only affects lymphocytes with rearranged receptors, leaving NK development intact. This is an autosomal recessive disorder. There are no dominant mutations associated with the SCID phenotype to our knowledge.

8.
A 7-month-old boy born to a mother with autoimmune thrombocytopenia is referred to you for second opinion of his chronic thrombocytopenia. He has had thrombocytopenia since birth and was born by cesarean section. His platelet count is typically 20-30K and he has not responded to intravenous immunoglobulin or corticosteroids. His mother, father, aunts and uncles are all healthy. His maternal grandmother reports a brother who died of GI bleeding in infancy. On examination he has scattered petechiae, a right otitis media, and excoriated dry skin in the flexural creases that the mother treats with topical corticosteroid. This patient is most likely to have:


A.
Low isohemagglutinin titers


B.
Absence of megakaryocytes on bone marrow biopsy


C.
Giant platelets


D.
Antiplatelet antibodies


E.
Absence of T cells

Answer: A

Explanation: This patient has Wiskott-Aldrich syndrome, with thrombocytopenia, eczema, and evidence of humoral immunodeficiency with sinopulmonary infections. Poor responses to polysaccharide antigens, including blood group antigens, is classic for WAS. Answer b. is incorrect as megakaryocytes are reduced but not absent in WAS. Answer c. is characteristic of May-Heggelin anomaly (or large platelets in ITP), whereas platelets in WAS are small. WAS patients can also develop ITP but thrombocytopenia is usually nonimmune, therefore d. is incorrect. T cells can be reduced or function poorly but typically are not absent in WAS (e.); this would be more characteristic of SCID.

9.
A 13-month-old boy is referred to you for work-up of recurrent sinopulmonary infections. He has been unresponsive to prophylactic antibiotics. There is no family history of early deaths or immunodeficiency. You send laboratory studies which reveal:

WBC 14,000

Differential 60% neutrophils, 28% lymphocytes, 10% monocytes, 1% eosinophils, 1% atypical lymphocytes

CD3: 87%IgG: 30 (294-1069)

CD4: 50%IgA: < 7 (16-84)

CD8: 37%IgM: 30 (41-149)

CD19: 0%

CD16/56: 13%

The most likely gene mutated in this patient is:


A.
WAS


B.
SH2D1A


C.
BTK


D.
IL2RG


E.
CD40LG

Answer: C

Explanation: This boy has normal T cell numbers, no evidence of cellular immune defect, and has absence of B cells with low immunoglobulins due to X-linked agammaglobulinemia from mutation in BTK. WAS is the gene for Wiskott-Aldrich syndrome; these boys have normal B cell numbers. SH2D1A for X-linked lymphoproliferative disease can present with hypogammaglobulinemia but with normal B cell numbers. IL2RG is the gene for X-linked SCID, which is T- B+. CD40LG is the gene for X-linked hyper-IgM, which is characterized by cellular and humoral defects, but with normal B cell number.

10.
A 12-year-old boy who recently moved to the area is referred to you for evaluation of frequent nosebleeds. His coagulation panel is normal, but you find on further questioning that he has frequent sinopulmonary infections. He has missed a lot of school because his 18-year-old brother died suddenly after a febrile illness with splenomegaly and liver failure last year. A maternal uncle died in childhood of lymphoma. The laboratory finding you are most likely to find in this patient is:


A.
Absence of CD19+ lymphocytes


B.
Small platelets


C.
Low IgG


D.
Abnormal T cell proliferation to mitogens


E.
High IgM

Answer: C

Explanation: This boy has maternal male relatives who died of lymphoma and of fulminant infectious mononucleosis due to X-linked lymphoproliferative disease. Boys with XLP can have isolated hypogammaglobulinemia, the least symptomatic state. Boys with XLA (a.) have absent CD19 B cells, hypogammaglobulinemia, and recurrent sinopulmonary infections, but not lymphoproliferation or abnormal response to mono. The clinical picture is inconsistent with small platelets (i.e., WAS), T cell dysfunction (SCID or other), or high IgM (hyper-IgM such as CD40LG deficiency).
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1. A 17-month-old male infant is referred because of recurrent infections. The family history is positive for gamma globulin deficiencies in the maternal grandfather and 2 maternal uncles. Serum immunoglobulin concentrations are reportedly low and he lacks antibodies to his vaccine antigens. Which of the following tests would be most informative in your evaluation of this infant? 
a.
IgG subclass determinations


b.
Flow cytometry for lymphocyte subset enumeration

c.
Antibody titers 3 weeks after a Pneumovax immunization

d.
Pokeweed mitogen stimulation of his blood lymphocytes

e.
HLA typing

Correct Answer B:

Explanation:  This child has a history suspicious for an X-linked disorder of adaptive immune function. IgG subclass deficiency is not known to have an X-linked pattern of illness so (a) is unlikely. Specific antibody titers to vaccination could be informative, but children under age 2 generally do not respond to Pneumovax and hence this would be an inappropriate test a 17 month old; thus (c) would not be informative. Functional testing of lymphocytes would be best for ruling out a serious T cell defect that underlies the lack of immunoglobulin production, such as severe combined immunodeficiency (SCID). However, the age of the child is inconsistent with SCID and furthermore, proliferation to pokeweed mitogen is the least specific for T cells, hence (d) is incorrect. HLA typing would be appropriate for treatment of a severe immunodeficiency disorder but is not part of the evaluation. The correct answer is (b) as flow cytometry is likely to reveal lack of B cells (lack of CD19+ lymphocytes) as seen in X-linked agammaglobulinemia. 

2. Which of the following immunoglobulin subtypes is transferred in significant amounts across the placenta from mother to child?

a. IgM

b. IgA

c. IgG

d. IgE

e. IgD

Answer is C.  
Explanation: IgM and IgA being pentameric and dimeric respectively are too large to cross the placenta.  IgD and IgE are both very low in concentration, and the function of IgD if any is not known.

3. The lymphocyte profile of infants compared to adults shows:
a. higher absolute lymphocyte count

b. lower absolute CD4 T cell count

c. lower absolute CD19 B cell count

d. lower total white blood cell count

e. lower absolute neutrophil count

Explanation: The answer is a.  Infants have a higher absolute lymphocyte count, average around 6000 versus 2000 in adults.  This is on the basis of higher CD4 counts, CD8 counts and CD19 counts.  Thus b and c are incorrect.  The overall white count is likewise elevated in infants, therefore d is wrong.  Both the absolute lymphocyte count and absolute neutrophil count are higher, therefore e is wrong.

4. A newborn with a family history of X-linked severe combined immunodeficiency has been screened for possible disease with lymphocyte subsets at birth and has the following lymphocyte profile:

absolute lymphocytes: 2000
CD3: 10%

CD4: 2%

CD8: 8%

CD19: 88%

CD16/56: 2%

The next appropriate step in diagnosis and management would be to:
a. discharge and repeat subsets in 1 month

b. reassure the family that the presence of T & B cells rules out SCID

c. send lymphocyte proliferation studies 

d. begin prophylactic penicillin

e. send HIV antibody test

The answer is C.  
Explanation:  The profile given here is characteristic of a patient with severe combined immunodeficiency, T-, B+ similar to X-linked SCID, with some maternal engraftment, leading to a small number of detectable T cells with an abnormal CD4 to CD8 ratio.  An absolute lymphocyte count of 2000 in a newborn, while normal for an adult, is very decreased, as is an absolute T cell count of 10% x 2000 = 200 for either an adult or a newborn.  Thus a is incorrect as is b.  While the low CD4 count raises the possibility of HIV, the absolute number of CD8 cells being low at 8% x 2000 = 160 argues against this, and the family history is much more suggestive of SCID than HIV infection.  Also, HIV antibody testing of a newborn will reflect maternal antibody, not neonatal infection.  Prophylactic penicillin would protect against bacterial infection due to inability to make antibody, but the T cell defect here would more importantly predispose to opportunistic infection, thus d is not the next appropriate step.  The diagnosis of SCID when maternal T cells are present should be made on the basis of lack of lymphocyte proliferation and confirmation that the T cells present are maternally derived by chromosomal or FISH studies.

5. You are asked to evaluate a 6 month old infant with the ICU who has been diagnosed with Pneumocystis pneumonia.  The complete blood count and lymphocyte profile shows:
WBC: 15.3, 87% neutrophils, 2% lymphocytes, 11% monocytes

hemoglobin: 12.1

hematocrit: 35.2

platelets: 352,000

CD3: 0%

CD4: 0%

CD8: 0%

CD19: 0%

CD16/56: 100%

What is the most likely diagnosis?
a) severe combined immunodeficiency due to mutation in IL2RG gene

b) severe combined immunodeficiency due to RAG1 mutation

c) severe combined immunodeficiency due to adenosine deaminase (ADA) mutation

d) Wiskott-Aldrich syndrome

e) HIV infection

The answer is B.  
Explanation: Presentation with Pneumocystis pneumonia is highly suggestive of T cell immunodeficiency and the profile indeed shows an absence of T and B cells.  Thus this patient does not have Wiskott-Aldrich syndrome, which is characterized by low platelets, eczema and T/B cell dysfunction despite normal numbers.  HIV likewise would not cause an absolute absence of CD8 T cells or CD19 B cells.  The patient has severe combined immunodeficiency, with a profile most characteristic of a defect in antigen receptor (T cell receptor, B cell receptor) rearrangement, since cells of the immune system that are not adaptive and do not have rearranged receptors, the NK cells, are intact.  Common gamma chain mutation leads to a profile with absent T cells and present but non-functional B cells.  Adenosine deaminase mutation affects the ability of all lymphocytes to detoxify the products of purine breakdown, and thus typically those patients lack all lymphocytes including NK cells.

6. An infant who recently underwent correction of interrupted aortic arch has had recurrent pneumonias.  He is found to have near absent IgG and is on replacement.  His other medications include hydrochlorothiazide and calcium gluconate.  He is an only child with no family history of immunodeficiency. You order lymphocyte subsets and find the following:

ALC: 1500

CD3: 3%

CD4: 2%

CD8: 1%

CD19: 72%

CD16/56: 25%

Based on these subsets you recommend:

a. enzyme testing for adenosine deaminase deficiency (ADA)

b. analysis for deletions of chromosome 22 by FISH

c. follow-up to assess subsets after full recovery from surgery

d. sequencing of IL2RG gene

e. immediate referral for hematopoietic stem cell transplantation

The answer is B.
Explanation: This patient with cardiac defects, near-absent T cells, normal B cell numbers and hypocalcemia fits the clinical picture for DiGeorge syndrome.  While the subsets themselves could be consistent with X-linked SCID due to defects in IL2RG, the associated findings make DiGeorge much more likely, thus d is incorrect.  ADA deficiency typically leads to toxic damage to all lymphocytes, thus a is incorrect.  While thymic removal at the time of surgery over the long term does affect the ability of infants to generate new T cells, this level of deficiency is too profound to be due to thymic removal, as mature T cells would be expected to persist, thus c is wrong.  Finally, since DiGeorge syndrome is due to an absence of thymic epithelium, not due to an intrinsic defect in T progenitors, the role of HSCT in its treatment is limited.  In this patient without a sibling, HSCT is not clearly efficacious.  Therefore e is incorrect. 

7. A 10 month old boy presents with rectal bleeding and is found to have colitis.  You are called to evaluate him because of a platelet count of 8,000.  On further questioning he had a maternal uncle who died of intracerebral hemorrhage as a toddler.  The child has had several ear infections and two episodes of pneumonia.  His physical examination is notable for mild eczema, mildly tender lower abdomen and no hepatosplenomegaly.  Which of the following are you most likely to find on further testing and review?
a. peripheral blasts

b. abnormal platelet aggregation studies

c. small platelet size

d. absolute lymphopenia and absence of CD3 cells

e. absence of IgG

The answer is C.  
Explanation: This patient has Wiskott-Aldrich syndrome, which in addition to presenting with thrombocytopenia, eczema and immunodeficiency, can present with autoimmune manifestations such as colitis.  The presentation is not suggestive of leukemia, thus a is incorrect.  Small platelets are highly characteristic.  Though the platelets are thought to not quite function normally the defect is subtle and not well characterized, hence b is incorrect.  Answer d would be more characteristic of SCID which should not cause low platelets.  Any profound T or B cell defect can lead to absence of IgG, but patients with Wiskott-Aldrich syndrome generally have preservation of T and B cell numbers, hence e is incorrect.

8. A 13 year old boy presents to the emergency room complaining of fever, sore throat and malaise.  On examination the child is toxic appearing with temperature of 39C, has cervical lymphadenopathy, massive hepatosplenomegaly and pharyngitis.  While admitted for hydration he develops hypotension, pleural effusions, ascites and is intubated.  Family history reveals a maternal uncle who died of non-Hodgkin’s lymphoma at age 20 years, a brother who has hypogammaglobulinemia, two healthy sisters and one healthy brother.  Which test should be sent to make the appropriate diagnosis?
a. analysis of perforin expression 

b. bone marrow aspirate and biopsy

c. immunoglobulin panel and subclasses

d. analysis of SAP gene expression 

e. cytomegalovirus antigen from blood

The answer is D.  
Explanation: This patient has fulminant mononucleosis from overwhelming EBV infection in the context of X-linked lymphoproliferative disease, which is due to a mutation involving the SAP gene.  The manifestations can be varied including slow development of hypogammaglobulinemia, autoimmune disease, and malignant non-Hodgkin’s lymphoma.  While hemophagocytosis can be seen pathologically, the family history in this case and age of the patient argue against familial hemophagocytic lymphohistiocytosis (HLH) and thus a is incorrect.  Bone marrow aspirate and biopsy will not add to the diagnosis, thus b is incorrect.  The findings of immunoglobulin testing in XLP patients with fulminant EBV are highly variable and are not helpful in determining the cause, thus c is incorrect.  CMV can certainly cause a mononucleosis-like illness but does not explain the fulminance or the family history, thus e is incorrect.

9. An 8-month old adopted girl is referred to you for failure to thrive and anemia.  On further questioning you learn that she has had repeated ear and sinus infections.  On physical examination you note oral thrush.  Her laboratory testing shows:

WBC 8.0, 70% neutrophils, 18% lymphocytes, 10% monocytes, 2% eosinophils

Hemoglobin 9.0

Hematocrit 28.0

MCV 80

Platelets 320,000

IgG 1650 (172-814)

IgA 20 (8.1-84)

IgM 70 (33-108)

Based on these findings you recommend:
e. IgG subclasses

f. iron supplementation

g. bone marrow aspirate and biopsy

h. testing for HIV

The answer is D.

Explanation: This child has evidence of T cell dysfunction with failure to thrive and oral thrush as well as evidence of poor immunoglobulin production.  Yet she has panhypergammaglobulinemia, a common finding in HIV infection.  Subclasses will be of no benefit, thus a is incorrect.  The most common anemia in HIV infection when not on anti-retroviral therapy is anemia of chronic disease, which would not respond to iron supplementation, thus b is incorrect; bone marrow aspirate and biopsy is unlikely to yield an explanation for the whole picture, thus c is incorrect.
10. A 3-year-old girl with pre-B cell ALL treated with prednisone, vincristine, asparaginase, and anthracycline develops fever to 102 ºF 10 days after starting induction therapy. Her ANC is 50. Blood cultures from all lumens of her central line are sent. You order:
a. Liposomal amphotericin 

b. Vancomycin and ceftriaxone

c. Antibiotics tailored to results of blood culture

d. Extended spectrum beta-lactam and quinolone

e. Aztreonam and gentamicin

Answer: D
Explanation: Patients with fever and neutropenia in the context of chemotherapy often do not localize infection and should be treated presumptively regardless of physical examination findings or blood culture results, hence c. is incorrect. Empiric fungal coverage alone without bacterial coverage (a.) for a first fever is inappropriate. Vancomycin and ceftriaxone is excellent coverage for community acquired encapsulated organisms and skin flora, but is inadequate to cover enteric gram negatives particularly Pseudomonas; thus b. is incorrect. Aztreonam and gentamicin e. gives inadequate gram-positive coverage.

11. A 16-year-old girl with M2 AML completes therapy with high-dose cytarabine and is on prophylactic fluconazole. Several days later she develops fever to 103 ºF. She rapidly becomes hypotensive and tachypneic, and is on 50% oxygen by face mask. She has no localizing signs on physical exam except for moderate-to-severe stomatitis and the line exit site is nontender and nonerythematous. Chest X ray shows mild bilateral airspace opacities. Your response is to:
a. Start trimethoprim-sulfamethoxazole 15-20 mg/kg/day IV and consult pulmonology for bronchoscopy.

b. Send CMV antigen from blood and begin ganciclovir 5 mg/kg/dose IV every 12 hours.

c. Begin empiric coverage with extended spectrum beta lactam and gentamicin.

d. Begin empiric coverage with ceftazidime, gentamicin, and change fluconazole to liposomal amphotericin.

e. Begin empiric coverage with vancomycin, extended spectrum beta lactam, and gentamicin.

Answer: E.  
Explanation: Exposure to cytarabine predisposes patients to sepsis and ARDS associated with oral Streptococcus species such as S. mitis, best covered with vancomycin. Development of Pneumocystis a. early in induction is unlikely. The clinical picture with airspace disease is inconsistent with CMV pneumonitis b. Answer c. is appropriate for fever and neutropenia without the added risk factors for streptococcal sepsis, while answer d. gives inadequate gram-positive coverage.

12. A 13-year-old boy undergoing treatment for Burkitt’s lymphoma develops fever to 102.5 ºF while neutropenic and is started on broad-spectrum antibiotics. Several days later he remains neutropenic and maximum temperature in the last 24 hours is 100.5 ºF. Blood culture from the day before is positive for yeast to be identified, and stool surveillance culture reveals methicillin resistant S. aureus. Your response is to:
a. Begin amphotericin B 0.5 mg/kg/day and perform abdominal CT scan.

b. Begin amphotericin B 0.5 mg/kg/day and remove the central line.

c. Begin fluconazole 6 mg/kg/day and remove the central line.

d. Suspect contaminant and repeat cultures.

e. Suspect contaminant, repeat cultures, and add coverage for MRSA.

Answer: C
Explanation: Yeast on blood culture is rarely a contaminant in a neutropenic patient and thus d. and e. are incorrect. With the availability of liposomal preparations, using amphotericin B is no longer standard (a. and b.), and the utility of CT scan to screen for hepatosplenic involvement is limited during neutropenia (a.). In a patient not on antifungal prophylaxis with likely candida, who is clinically stable, fluconazole would be appropriate coverage. Removal of the central line in fungemic patients is generally recommended.

13. A 6-week-old is evaluated for fever without a source. Physical examination is unremarkable. CBC reveals total WBC 17,000 with 60% neutrophils. Which of the following would make severe combined immunodeficiency highly unlikely?
a. Normal IgG for age

b. Lack of family history

c. Female gender

d. Presence of thymus on chest X ray

e. Absolute lymphocyte count of 3,500

Answer: D
Explanation: A 6-week-old should have thymic tissue visible and thymic tissue would be absent in any patient with SCID. IgG crosses the placenta and wanes by 4-6 months. Therefore a. would not rule out SCID as a 6-week-old’s IgG reflects maternal antibody production. Not all cases of SCID have positive family history (b.). The most common form of SCID is X-linked, but autosomal recessive cases would affect females (c.). While an absolute lymphocyte count of 3,500 is low normal for a 6-week-old, SCID with B and NK cells could present with a normal lymphocyte count and maternally engrafted T cells could also make the lymphocyte count normal. 

14. A 5-month-old boy presents to the emergency room in respiratory distress with a 2-month history of cough and failure to thrive. He is hypoxic with chest X ray showing bilateral airspace opacities. He is diagnosed with pneumocystis pneumonia by bronchoscopy and laboratory studies reveal:
WBC: 13,000

differential: 80% neutrophils, 5% lymphocytes, 12% monocytes, 2% eosinophils, 1% basophils

CD3: 2%

CD4: 1%

CD8: 1%

CD19: 0%

CD16/56: 96%

The inheritance pattern of this disorder is most likely to be:

a. X-linked recessive

b. X-linked dominant

c. Autosomal recessive

d. Autosomal dominant

Answer: C
Explanation: The most common form of SCID, X-linked recessive due to mutations in IL2RG, is characterized by absent T cells but present or even elevated B cells. The picture here with tiny numbers of T cells, absent B cells and presence of NK cells is most consistent with RAG1 or RAG2 mutation, which only affects lymphocytes with rearranged receptors, leaving NK development intact. This is an autosomal recessive disorder. There are no dominant mutations associated with the SCID phenotype to our knowledge.

15. A 7-month-old boy born to a mother with autoimmune thrombocytopenia is referred to you for second opinion of his chronic thrombocytopenia. He has had thrombocytopenia since birth and was born by cesarean section. His platelet count is typically 20-30K and he has not responded to intravenous immunoglobulin or corticosteroids. His mother, father, aunts and uncles are all healthy. His maternal grandmother reports a brother who died of GI bleeding in infancy. On examination he has scattered petechiae, a right otitis media, and excoriated dry skin in the flexural creases that the mother treats with topical corticosteroid. This patient is most likely to have:
a. Low isohemagglutinin titers

b. Absence of megakaryocytes on bone marrow biopsy

c. Giant platelets

d. Antiplatelet antibodies

e. Absence of T cells

Answer: A
Explanation: This patient has Wiskott-Aldrich syndrome, with thrombocytopenia, eczema, and evidence of humoral immunodeficiency with sinopulmonary infections. Poor responses to polysaccharide antigens, including blood group antigens, is classic for WAS. Answer b. is incorrect as megakaryocytes are reduced but not absent in WAS. Answer c. is characteristic of May-Heggelin anomaly (or large platelets in ITP), whereas platelets in WAS are small. WAS patients can also develop ITP but thrombocytopenia is usually nonimmune, therefore d. is incorrect. T cells can be reduced or function poorly but typically are not absent in WAS (e.); this would be more characteristic of SCID.

16. You have diagnosed an infant with severe combined immunodeficiency due to mutation in IL2RG. HLA typing of his family reveals his 5 year old sister to be a full HLA match. Bone marrow transplant using this fully matched sibling donor should be:

a. Performed with T cell depletion

b. Requires post-transplant GVHD prophylaxis
c. Performed after chemotherapy conditioning similar to Wiskott-Aldrich syndrome
d. Infused without manipulation or prior preparation.
Answer: D
Explanation: Severe combined immunodeficiency is caused by the absence of functioning autologous T cells, and hence these patients are generally incapable of rejecting grafts from fully matched related donors. Transplants for SCID are special in that sibling BMT can be performed without prior conditioning and without the need for GVHD prophylaxis. Answer (a) is incorrect because the T cells contained in the bone marrow are tolerated by the patient with SCID and in fact provide immediate immunity in the first few months after transplant. Answer (b) is incorrect because GVHD prophylaxis is not needed for fully matched sibling BMT for SCID. Myeloablative conditioning such as what is used for BMT in other immunodeficiencies or hematologic disorders is required to 1) give the donor hematopoietic stem cells a survival advantage over recipient cells and 2) to immunosuppress the host. Answer (c) is incorrect because conditioning is not required for engraftment of T cells in a patient with SCID because there are no host T cells to compete with donor T cells and furthermore there is no need to immunosuppress the host. 
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11. An 8 month old boy presents with frequent sinopulmonary infections and a diagnosis of X-linked agammaglobulinemia is made.  Which of the following test results or clinical symptoms is consistent with this diagnosis?

a. oral thrush on examination

b. absence of CD3+ lymphocytes

c. onset of symptoms at 2 months of age

d. absence of CD19+ lymphocytes

e. absence of thymic shadow on chest x-ray

Explanation:  The answer is d.  X-linked agammaglobulinemia is a defect in Btk, a B cell specific kinase that is critical for the developmental of normal mature B cells.  Thus these patients lack peripheral B cells.  Oral thrush is characteristic of T cell deficiency, thus a is incorrect, as is b and e.  Because children with XLA have placentally acquired maternal IgG, the symptoms tend not to occur until after maternal IgG has waned, around 6-9 months, thus c is incorrect.  
2. Which of the following immunoglobulin subtypes is transferred in significant amounts across the placenta from mother to child?

a. IgM

b. IgA

c. IgG

d. IgE

e. IgD

Explanation: The answer is c.  IgM and IgA being pentameric and dimeric respectively are too large to cross the placenta.  IgD and IgE are both very low in concentration, and the function of IgD if any is not known.

3. The peripheral blood of infants compared to adults shows:

a. higher absolute lymphocyte count

b. lower absolute CD4 T cell count

c. lower absolute CD19 B cell count

d. lower total white blood cell count

e. lower absolute neutrophil count

Explanation: The answer is a.  Infants have a higher absolute lymphocyte count, average around 6000 versus 2000 in adults.  This is on the basis of higher CD4 counts, CD8 counts and CD19 counts.  Thus b and c are incorrect.  The overall white count is likewise elevated in infants, therefore d is wrong.  Both the absolute lymphocyte count and absolute neutrophil count are higher, therefore e is wrong.

4. A newborn with a family history of X-linked severe combined immunodeficiency has been screened for possible disease with lymphocyte subsets at birth and has the following lymphocyte profile:

absolute lymphocytes: 2000

CD3: 6%

CD4: 2%

CD8: 4%

CD19: 92%

CD16/56: 2%

The next appropriate step in diagnosis and management would be to:

a. discharge and repeat subsets in 1 month

b. reassure the family that the presence of T & B cells rules out SCID

c. send lymphocyte proliferation studies 

d. begin prophylactic penicillin

e. send HIV antibody test

Explanation:  The answer is c.  The profile given here is characteristic of a patient with severe combined immunodeficiency, T-, B+ similar to X-linked SCID. An absolute lymphocyte count of 2000 in a newborn, while normal for an adult, is very decreased, as is an absolute T cell count of 6% x 2000 = 120 for either an adult or a newborn.  Thus a is incorrect as is b.  While the low CD4 count raises the possibility of HIV, the absolute number of CD8 cells being low at 4% x 2000 = 80 argues against this, and the family history is much more suggestive of SCID than HIV infection.  Also, HIV antibody testing of a newborn will reflect maternal antibody, not neonatal infection.  Prophylactic penicillin would protect against bacterial infection due to inability to make antibody, but the T cell defect here would more importantly predispose to opportunistic infection, thus d is not the next appropriate step.  The diagnosis of SCID when maternal T cells are present should be made on the basis of lack of lymphocyte proliferation and confirmation that the T cells present are maternally derived by chromosomal or FISH studies.

5. You are asked to evaluate a 6 month old infant with the ICU who has been diagnosed with Pneumocystis pneumonia.  The complete blood count and lymphocyte profile shows:

WBC: 15.3, 87% neutrophils, 2% lymphocytes, 11% monocytes

hemoglobin: 12.1

hematocrit: 35.2

platelets: 352,000

CD3: 0%

CD4: 0%

CD8: 0%

CD19: 0%

CD16/56: 100%

a. severe combined immunodeficiency due to mutation in IL2RG gene

b. severe combined immunodeficiency due to RAG1 mutation

c. severe combined immunodeficiency due to adenosine deaminase (ADA) mutation

d. Wiskott-Aldrich syndrome

e. HIV infection

Explanation: The answer is b.  Presentation with Pneumocystis pneumonia is highly suggestive of T cell immunodeficiency and the profile indeed shows an absence of T and B cells.  Thus this patient does not have Wiskott-Aldrich syndrome, which is characterized by low platelets, eczema and T/B cell dysfunction despite normal numbers.  HIV likewise would not cause an absolute absence of CD8 T cells or CD19 B cells.  The patient has severe combined immunodeficiency, with a profile most characteristic of a defect in antigen receptor (T cell receptor, B cell receptor) rearrangement, since cells of the immune system that are not adaptive and do not have rearranged receptors, the NK cells, are intact.  Common gamma chain mutation leads to a profile with absent T cells and present but non-functional B cells.  Adenosine deaminase mutation affects the ability of all lymphocytes to detoxify the products of purine breakdown, and thus typically those patients lack all lymphocytes including NK cells.

6. An infant who recently underwent correction of interrupted aortic arch has had recurrent pneumonias.  He is found to have near absent IgG and is on replacement.  His other medications include hydrochlorothiazide and calcium gluconate.  He is an only child with no family history of immunodeficiency. You order lymphocyte subsets and find the following:

ALC: 1500

CD3: 3%

CD4: 2%

CD8: 1%

CD19: 72%

CD16/56: 25%

Based on these subsets you recommend:

a. enzyme testing for adenosine deaminase deficiency (ADA)

b. analysis for deletions of chromosome 22 by FISH

c. follow-up to assess subsets after full recovery from surgery

d. sequencing of IL2RG gene

e. immediate referral for hematopoietic stem cell transplantation

Explanation: The answer is b.  This patient with cardiac defects, near-absent T cells, normal B cell numbers and hypocalcemia fits the clinical picture for DiGeorge syndrome.  While the subsets themselves could be consistent with X-linked SCID due to defects in IL2RG, the associated findings make DiGeorge much more likely, thus d is incorrect.  ADA deficiency typically leads to toxic damage to all lymphocytes, thus a is incorrect.  While thymic removal at the time of surgery over the long term does affect the ability of infants to generate new T cells, this level of deficiency is too profound to be due to thymic removal, as mature T cells would be expected to persist, thus c is wrong.  Finally, since DiGeorge syndrome is due to an absence of thymic epithelium, not due to an intrinsic defect in T progenitors, the role of HSCT in its treatment is limited.  In this patient without a sibling, HSCT is not clearly efficacious.  Therefore e is incorrect. 

7. A 10 month old boy presents with rectal bleeding and is found to have colitis.  You are called to evaluate him because of a platelet count of 8,000.  On further questioning he had a maternal uncle who died of intracerebral hemorrhage as a toddler.  The child has had several ear infections and two episodes of pneumonia.  His physical examination is notable for mild eczema, mildly tender lower abdomen and no hepatosplenomegaly.  Which of the following are you most likely to find on further testing and review?

a. peripheral blasts

b. abnormal platelet aggregation studies

c. small platelet size

d. absolute lymphopenia and absence of CD3 cells

e. absence of IgG

Explanation: The answer is c.  This patient has Wiskott-Aldrich syndrome, which in addition to presenting with thrombocytopenia, eczema and immunodeficiency, can present with autoimmune manifestations such as colitis.  The presentation is not suggestive of leukemia, thus a is incorrect.  Small platelets are highly characteristic.  Though the platelets are thought to not quite function normally the defect is subtle and not well characterized, hence b is incorrect.  Answer d would be more characteristic of SCID which should not cause low platelets.  Any profound T or B cell defect can lead to absence of IgG, but patients with Wiskott-Aldrich syndrome generally have preservation of T and B cell numbers, hence e is incorrect.

8. A 13 year old boy presents to the emergency room complaining of fever, sore throat and malaise.  On examination the child is toxic appearing with temperature of 39C, has cervical lymphadenopathy, massive hepatosplenomegaly and pharyngitis.  While admitted for hydration he develops hypotension, pleural effusions, ascites and is intubated.  Family history reveals a maternal uncle who died of non-Hodgkin’s lymphoma at age 20 years, a brother who has hypogammaglobulinemia, two healthy sisters and one healthy brother.  Which test should be sent to make the appropriate diagnosis?

a. analysis of perforin expression 

b. bone marrow aspirate and biopsy

c. immunoglobulin panel and subclasses

d. analysis of SAP expression 

e. cytomegalovirus antigen from blood

Explanation: The answer is d.  This patient has fulminant mononucleosis from overwhelming EBV infection in the context of X-linked lymphoproliferative disease.  The manifestations can be varied including slow development of hypogammaglobulinemia, autoimmune disease, and malignant non-Hodgkin’s lymphoma.  While hemophagocytosis can be associated with X-linked lymphoproliferative disease, the family history in this case and age of the patient argue against familial hemophagocytic lymphohistiocytosis (HLH) due to autosomal recessive perforin deficiency and thus a is incorrect.  Bone marrow aspirate and biopsy will not add to the diagnosis, thus b is incorrect.  The findings of immunoglobulin testing in XLP patients with fulminant EBV are highly variable and are not helpful in determining the cause, thus c is incorrect.  CMV can certainly cause a mononucleosis-like illness but does not explain the fulminance or the family history, thus e is incorrect.

9. An 8-month old adopted girl is referred to you for failure to thrive and anemia.  On further questioning you learn that she has had repeated ear and sinus infections and thrush that has not responded to therapy. Her laboratory testing shows:

WBC 8.0, 60% neutrophils, 30% lymphocytes, 8% monocytes, 2% eosinophils

Hemoglobin 9.0

Hematocrit 28.0

MCV 80

Platelets 320,000

IgG 1650 (172-814)

IgA 20 (8.1-84)

IgM 70 (33-108)
CD3 65%

CD4 30%

CD8 35%

CD19 30%

CD56 15%
Based on these findings you recommend:

i. IgG subclasses

j. iron supplementation

k. bone marrow aspirate and biopsy

l. testing for HIV

Explanation: The answer is d.  This child has evidence of T cell dysfunction with failure to thrive and oral thrush as well as infectious history suggestive of poor immunoglobulin production.  Yet she has panhypergammaglobulinemia, a common finding in HIV infection.  The T cell count (WBC 8.0 x 30% lymphs x 65% = 1560) is low for a child under 1 year of age as is the CD4 T cell count (720). Subclasses will be of no benefit, thus a is incorrect.  The normocytic anemia is unlikely to respond to iron supplementation; the most common anemia in HIV infection when not on anti-retroviral therapy is anemia of chronic disease, thus b is incorrect; bone marrow aspirate and biopsy is unlikely to yield an explanation for the whole picture, thus c is incorrect.
10. 
A 3-year-old girl with pre-B cell ALL treated with prednisone, vincristine, asparaginase, and anthracycline develops fever to 102 ºF 10 days after starting induction therapy. Her ANC is 50. Blood cultures from all lumens of her central line are sent. You order:


A.
Amphotericin 


B.
Vancomycin and ceftriaxone


C.
Antibiotics tailored to results of blood culture if positive

D.
Extended spectrum beta-lactam and gentamicin

E.
Acyclovir
Answer: D

Explanation: Patients with fever and neutropenia in the context of chemotherapy often do not localize infection and should be treated presumptively regardless of physical examination findings or blood culture results, hence c. is incorrect. Empiric fungal coverage alone (a) or antiviral coverage alone without bacterial coverage (e) for a first fever is inappropriate. Vancomycin and ceftriaxone is excellent coverage for community acquired encapsulated organisms and skin flora, but is inadequate to cover enteric gram negatives particularly Pseudomonas; thus b. is incorrect.

11. A 16-year-old girl with M2 AML completes therapy with high-dose cytarabine and is on prophylactic fluconazole. Several days later she develops fever to 103 ºF. She rapidly becomes hypotensive and tachypneic, and is on 50% oxygen by face mask. She has no localizing signs on physical exam except for moderate-to-severe stomatitis and the line exit site is nontender and nonerythematous. Chest X ray shows mild bilateral airspace opacities. Your response is to:


A.
Start trimethoprim-sulfamethoxazole 15-20 mg/kg/day IV and consult pulmonology for bronchoscopy.


B.
Send CMV antigen from blood and begin ganciclovir 5 mg/kg/dose IV every 12 hours.


C.
Begin empiric coverage with extended spectrum beta lactam and gentamicin.


D.
Begin empiric coverage with ciprofloxacin and gentamicin.


E.
Begin empiric coverage with vancomycin, extended spectrum beta lactam, and gentamicin.

Answer: E

Explanation: Exposure to cytarabine predisposes patients to sepsis and ARDS associated with oral Streptococcus species such as Streptococcus mitis or Streptococcus viridans, best covered with vancomycin. Development of Pneumocystis a. early in induction is unlikely. The clinical picture with airspace disease is inconsistent with CMV pneumonitis b. Answer c. is appropriate for fever and neutropenia without the added risk factors for streptococcal sepsis, while answer d. gives inadequate gram-positive coverage.

12. A 6-week-old is evaluated for fever without a source. Physical examination is unremarkable. CBC reveals total WBC 17,000 with 60% neutrophils. Which of the following would make severe combined immunodeficiency highly unlikely?


A.
Normal IgG for age


B.
Lack of family history


C.
Female gender


D.
Presence of thymus on chest X ray


E.
Absolute lymphocyte count of 3,500

Answer: D

Explanation: A 6-week-old should have thymic tissue visible and thymic tissue would be absent in any patient with classic SCID. IgG crosses the placenta and wanes by 4-6 months. Therefore a. would not rule out SCID as a 6-week-old’s IgG reflects maternal antibody production. Not all cases of SCID have positive family history (b.). The most common form of SCID is X-linked, but autosomal recessive cases would affect females (c.). While an absolute lymphocyte count of 3,500 is low normal for a 6-week-old, SCID with B and NK cells could present with a normal lymphocyte count and maternally engrafted T cells could also make the lymphocyte count normal. 

13. A 5-month-old boy presents to the emergency room in respiratory distress with a 2-month history of cough and failure to thrive. He is hypoxic with chest X ray showing bilateral airspace opacities. He is diagnosed with pneumocystis pneumonia by bronchoscopy and laboratory studies reveal:

WBC: 13,000

differential: 85% neutrophils, 2% lymphocytes, 10% monocytes, 2% eosinophils, 1% basophils

You request lymphocyte subsets but the absolute lymphocyte count is so low, the lab does not run the test.

The inheritance pattern of this disorder is most likely to be:


A.
X-linked recessive


B.
X-linked dominant


C.
Autosomal recessive


D.
Autosomal dominant

Answer: C

Explanation: The most common form of SCID, X-linked recessive due to mutations in IL2RG, is characterized by absent T cells but with B cells present or even in number. The picture here with depletion of all lymphocytes is most consistent with SCID due to adenosine deaminase deficiency. This is an autosomal recessive disorder. 

14. A 7-month-old boy born to a mother with autoimmune thrombocytopenia is referred to you for second opinion of his chronic thrombocytopenia. He has had thrombocytopenia since birth and was born by cesarean section. His platelet count is typically 20-30K and he has not responded to intravenous immunoglobulin or corticosteroids. His mother, father, aunts and uncles are all healthy. His maternal grandmother reports a brother who died of GI bleeding in infancy. On examination he has scattered petechiae, a right otitis media, and excoriated dry skin in the flexural creases that the mother treats with topical corticosteroid. This patient is most likely to have:


A.
Absence of isohemagglutinin titers


B.
Absence of megakaryocytes on bone marrow biopsy


C.
Giant platelets


D.
Antiplatelet antibodies


E.
Absence of T cells

Answer: A

Explanation: This patient has Wiskott-Aldrich syndrome, with thrombocytopenia, eczema, and evidence of humoral immunodeficiency with sinopulmonary infections. Poor responses to polysaccharide antigens, including blood group antigens, is classic for WAS. Answer b. is incorrect as megakaryocytes are reduced but not absent in WAS. Answer c. is characteristic of May-Heggelin anomaly (or large platelets in ITP), whereas platelets in WAS are small. WAS patients can also develop ITP but thrombocytopenia is usually nonimmune, therefore d. is incorrect. T cells can be reduced or function poorly but typically are not absent in WAS (e.); this would be more characteristic of SCID.

15. You have diagnosed an infant with severe combined immunodeficiency due to mutation in IL2RG. HLA typing of his family reveals his 5 year old sister to be a full HLA match. Bone marrow transplant using this fully matched sibling donor should be:

a. Performed with T cell depletion
b. Requires post-transplant GVHD prophylaxis
c. Performed after chemotherapy conditioning similar to Wiskott-Aldrich syndrome
d. Infused without manipulation or prior preparation.
Answer: D

Explanation: Severe combined immunodeficiency is caused by the absence of functioning autologous T cells, and hence these patients are generally incapable of rejecting grafts from fully matched related donors. Transplants for SCID are special in that sibling BMT can be performed without prior conditioning and without the need for GVHD prophylaxis. Answer (a) is incorrect because the T cells contained in the bone marrow are tolerated by the patient with SCID and in fact provide immediate immunity in the first few months after transplant. Answer (b) is incorrect because GVHD prophylaxis is not needed for fully matched sibling BMT for SCID. Myeloablative conditioning such as what is used for BMT in other immunodeficiencies or hematologic disorders is required to 1) give the donor hematopoietic stem cells a survival advantage over recipient cells and 2) to immunosuppress the host. Answer (c) is incorrect because conditioning is not required for engraftment of T cells in a patient with SCID because there are no host T cells to compete with donor T cells and furthermore there is no need to immunosuppress the host. 
