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Immunodeficiency SyndromesImmunodeficiency Syndromes

Need to broaden the definition of 
“immunodeficiency” to include 
ALL things that might increase 

the risk of infection
the severity of infection
OR decrease response to 

antibiotic therapy



Secondary immunodeficienciesSecondary immunodeficiencies
Decreased production: Malnourishment

Drugs: Steroids

Radiotherapy
Infection: HIV, EBV, CMV

Increased loss: GI: Protein losing enteropathy, 
intestinal lymphangiectasia

Renal:Proteinuria, Nephrotic 

syndrome

Burns: Serous fluid drainage



Secondary immunodeficienciesSecondary immunodeficiencies
Other: Infection

Malignancy
Splenectomy 
Thymectomy
Prematurity



Summary of potential Summary of potential immune immune 
deficienciesdeficiencies in in normalnormal infantsinfants
Relative deficiency of specific antibody 

response, especially to polysaccharides
Impaired delivery of  competent phagocytes 
Impaired interferon, NK & ADCC response 

to viral infection

Risk of overwhelming sepsis decreases by
age 3 months 



““NonNon--immuneimmune””
immunodeficienciesimmunodeficiencies

Epithelial defect: Wound, Surgery
Decreased tears, saliva
Defective ciliary function
Loss of stomach acid
Chemotherapy
Burn, Eczema
Skull fracture



““NonNon--immuneimmune””
immunodeficienciesimmunodeficiencies

Obstructive disorders Ureteral/urethral, 
Bronchial, 
Eustachian tube

Foreign body Shunt, Valve, 
Catheter

Metabolic Uremia, Poorly
controlled
Diabetes 



DEFECTSDEFECTS

Barriers
Innate immune system
– Phagocytes, macrophages, dendritic cells, etc!!!
– Complement, lectins, chemokines, cytokines

Acquired immune system
– T cells (TCR), B cells (BCR-antibody)
– Antibodies



Immunodeficiency SyndromesImmunodeficiency Syndromes
TYPES OF INFECTIONSTYPES OF INFECTIONS

T-cell: Fungal, viral, parasitic
B-cell: Bacterial, especially 

encapsulated organisms
Complement: Bacterial, especially 

encapsulated organisms
Terminal components: 

severe Neisserial infxns
Phagocytic: Bacterial, fungal



Immunodeficiency SyndromesImmunodeficiency Syndromes
TYPICAL ORGANISMS TYPICAL ORGANISMS 

T-cell: CMV, Herpes, Varicella, 
Pneumocystis, Candida

B-cell: Strep. pneumoniae, H. flu, N. 
meningitidis

Complement: N. meningitidis
Phagocytic: Staph. aureus, E. coli, 

Candida, Pseudomonas



Primary ImmunodeficiencyPrimary Immunodeficiency
SyndromesSyndromes-- DISTRIBUTIONDISTRIBUTION

B cell 50%
T cell 30-40

with antibody deficient 20-30
isolated cellular 10

Phagocyte 6-18
Isolated mononuclear cell 1
Complement 2- 4



Primary ImmunodeficiencyPrimary Immunodeficiency
SyndromesSyndromes

Selective IgA deficiency 1:300-1,500
Myeloperoxidase deficiency 1:3,000
C2 deficiency 1:10,000
Common variable Ig 1:70,000
SCID 1:100,000
Adenosine deaminase def.      <1:200,000
X-linked (Bruton) hypogamma 1:200,000



When to suspect an When to suspect an 
immunodeficiency syndromeimmunodeficiency syndrome

Frequent, protracted or recurrent infections
Infections with low virulence organisms
Incomplete clearance of infection or 

incomplete response to therapy
Unexpected complications



Other clinical features of Other clinical features of 
immunodeficiency syndromesimmunodeficiency syndromes

Failure to thrive
Rash: eczema, telangiectasia, alopecia, pyoderma

Diarrhea and malabsorption
Recalcitrant thrush
Paucity of lymph nodes and tonsils
Hematologic abnormalities: cytopenia, lymphoma

PARADOXICALLY: Evidence of auto-immunity



Other (less common) features of Other (less common) features of 
immunodeficiency syndromesimmunodeficiency syndromes
Weight loss, fever
Chronic conjunctivitis
Lymphadenopathy
Hepatosplenomegaly
Arthralgia/arthritis
Chronic encephalopathy
Recurrent meningitis



Initial Evaluation of Possible Initial Evaluation of Possible 
ImmunodeficiencyImmunodeficiency

Make sure that what seems to be infections are 
not really: ATOPY, ALLERGY, ASTHMA
Exclude other conditions
Perform simple evaluations first
Hold off on any live viral vaccines or 

transfusions until situation well defined
Consider evaluation by an immunologist



Initial Evaluation of Possible Initial Evaluation of Possible 
ImmunodeficiencyImmunodeficiency

Document that there have been multiple 
infections- LOOK FOR PATTERNS

Look for other, non-immune features of 
immunodeficiency:

rash, hypocalcemia, facial characteristics

Family history



Initial screening tests for Initial screening tests for 
immunodeficiencyimmunodeficiency

CBC: Hgb, WBC, Platelets
MORPHOLOGY OF CELLS 

Quantitative immunoglobulins: IgG, A & M
IgG function: POLIO, DIPHTHERIA, TETANUS

IgM function: Anti-A and Anti-B HEMAGGLUTININS

Evaluate for current infections: CULTURES, ESR, 
C-RP, APPROPRIATE X-RAYS, APPROPRIATE CULTURES



Tests for antibody deficiency: Tests for antibody deficiency: 
a simple screena simple screen

Total lymphocyte count
B lymphocyte count
Total serum immunoglobulins
Titers of blood group hemagglutinins



Tests for cellular deficiency: Tests for cellular deficiency: 
a simple screena simple screen

CBC
Total lymphocyte count
T-cell enumeration, with subsets

CD3, CD4, CD8
Functional assays: 

response to mitogens and antigens



Tests for antibody deficiency: Tests for antibody deficiency: 
second level evaluationsecond level evaluation

B-cell enumeration
IgG subclasses
Immunoglobulin response to new 

inoculations
Immunoglobulin survival



Tests for other deficiency: Tests for other deficiency: 
complement and phagocytescomplement and phagocytes

REFER TO AN 
IMMUNOLOGIST



IMMUNE DEFICIENCY IMMUNE DEFICIENCY 
SYNDROMESSYNDROMES--HUMORALHUMORAL

X-linked hypogammaglobulinemia
Transient hypogamma of childhood
Common variable immunodeficiency (CVI)
Immunodeficiency with hyper-IgM
Selective IgA deficiency
Selective isotype deficiency
Antibody deficiency with normal levels



XX--linked linked 
hypogammaglobulinemiahypogammaglobulinemia-- BRUTONBRUTON

Then recurrent pyogenic infections: 
bacterial otitis media, bronchitis, 
pneumonia, meningitis

Clinically normal until 6 months of age
Strep pneumoniae and H influenzae
May be severe Echo- and poliovirus

infections (even from live vaccine)



XX--linked linked 
hypogammaglobulinemiahypogammaglobulinemia-- BRUTONBRUTON

About 20% have affected male maternal 
relatives

Can present later in life with chronic 
conjunctivitis, dental caries, malabsorption

Autosomal recessive hypogamma in girls-
similar syndrome, different genetics

THERAPY: IVIG
COMPLICATIONS: Auto-immune disease, lung 

scarring, leukemia/lymphoma (up to 6%)



Transient Transient 
hypogammaglobulinemia of hypogammaglobulinemia of 

childhoodchildhood
Similar to BRUTON, but normal IgA & IgM 
If Ig levels low, blood or lymph node assay for B-

cells- found in NORMAL #s
Lateral X-ray of nasopharynx shows lymphoid

tissue, absent in BRUTON
Unless infections occur do not give IVIG; if

infected give IVIG- wait for Ig synthesis
“Transient” hypogamma may persist up to 2 yrs



Common variable Common variable 
immunodeficiency (CVI)immunodeficiency (CVI)

Heterogeneous defects, presenting later in life
Recurrent & chronic sinopulmonary infxns
Occurs in children- less severe than X-linked
In children may be lymphadenopathy
Nodular lymphoid hyperplasia & malabsorption-

may be Giardia lamblia infection



Common variable Common variable 
immunodeficiency (CVI)immunodeficiency (CVI)

Up to 20%- auto-immune disease, e.g. SLE, 
ITP, hemolytic anemia, pernicious 
anemia, Graves disease, Hashimoto’s 
thyroiditis

Lymphoma/leukemia (7%); Gastric cancer; 
thymoma

TREATMENT: Monthly IVIG



Immunodeficiency withImmunodeficiency with
hyperhyper--IgMIgM

Severe pyogenic infections
Elevated total serum IgM (occasionally 

elevated IgD, as well)
Defective isotype-switching
May be IgM auto-antibodies, associated 

with cytopenias, even aplastic anemia
Hyperplastic lymphoid tissues, even

lymphoma



Selective IgA deficiencySelective IgA deficiency

Most common immunodeficiency, usually 
asymptomatic

Infections within first decade, if at all
Usually both serum & secretory IgA are low
IgG2 and IgG4 can take the place of IgA in

mucosae-thus no infections
Auto-immunity, atopy, celiac disease, 

malignancy



Selective IgA deficiencySelective IgA deficiency

First feature may be transfusion reaction–
donor IgA adherent to transfused RBCs

If patient requires transfusion, ALWAYS 
use washed RBCs

Most IgA deficient patients are not 
immunologically compromised, unless
also deficient in IgG2 and IgG4



Selective isotype deficiencySelective isotype deficiency

IgM deficiency- some cannot make antibody
response: risk from encapsulated organisms,
meningococcemia

IgG subclass deficiency:
IgG 2 > 4 to polysaccharide antigens; 
IgG 1 & 3 to proteins, e.g. tetanus
IgG 1&3 fix complement >2; 4 not at all 
IgG4 competes with IgE for FcR on mast cells



Antibody deficiency with Antibody deficiency with 
normal total serum levelsnormal total serum levels

Normal total IgG  levels, isotype and
subclass

Little or no functional “antibody”- do not 
make antibodies after immunization

Rare- a cautionary tale!



IMMUNE DEFICIENCY IMMUNE DEFICIENCY 
SYNDROMESSYNDROMES--CELLULARCELLULAR

Congenital thymic aplasia= 
DiGeorge syndrome

Chronic mucocutaneous candidiasis
X-linked lymphoproliferative syndrome=

Duncan’s syndrome

Bare lymphocyte syndrome



Congenital thymic aplasiaCongenital thymic aplasia--1 1 
DiGeorge syndromeDiGeorge syndrome

Thymus is derived from invagination of the 
endoderm of the 3rd and 4th pharyngeal 
pouches at about 6th week of gestation

Parathyroid glands, parts of the aortic arch, 
parts of the outer ear, lip and mandible 
also derived from this endoderm

Defect may be in neural crest mesenchymal 
cells at 12th week of gestation



Congenital thymic aplasiaCongenital thymic aplasia--2 2 
DiGeorge syndromeDiGeorge syndrome

Spectrum of abnormalities from total 
thymic aplasia with profound 
hypocalcemia, cardiac and facial
abnormalities to a small but functioning 
thymus at birth with normal 
development thereafter

May be forme frustes- NOTABLY:
Presentation may be hypocalcemic
tetany within 1st day after birth



Congenital thymic aplasia Congenital thymic aplasia --33
DiGeorge syndromeDiGeorge syndrome

Typical facies: low-set ears, midline facial 
clefts, hypertelorism, hypomandibular 
changes

May be: Tetralogy of Fallot, interrupted 
aortic arch, PDA, septal defects, truncus 
arteriosus

Immune function may be normal for up to 1 
year 



Congenital thymic aplasiaCongenital thymic aplasia--4 4 
DiGeorge syndromeDiGeorge syndrome

MUST IRRADIATE all blood transfusions-
risk of GVH reaction

Hypocalcemia not typical feature of neonatal
sepsis

Hypocalcemia & congenital heart disease often
life-threatening- may overlook immune
defect 

Phenotype recalls fetal alcohol syndrome, 
monosomy22, isoretinoin embryopathy



Chronic mucocutaneous Chronic mucocutaneous 
candidiasiscandidiasis--11

Selective, antigen-specific T-cell deficiency
Up to 20% develop auto-immune 

endocrinopathies, up to 15 yrs after 
onset of Candida infections

Leading cause of death: Addison’s (may be 
sudden) or liver failure (chronic disease)

Transfer factor-dialyzable leukocyte extract
H2-receptors on suppressor cells- few cases



Chronic mucocutaneous Chronic mucocutaneous 
candidiasiscandidiasis--22

Second example of antigen-specific T-cell 
deficiency: 

Recurrent herpes simplex 1 infections
Also responds to transfer factor (in 
some hands)



XX--linked lymphoproliferative linked lymphoproliferative 
syndrome  syndrome  (Duncan(Duncan’’s syndrome)s syndrome)

X-linked defect determines an inadequate 
response to EBV- described in 1969

No evidence of immune defect prior to EBV 
infection

Progressive infection by EBV of B-cells
Progressive destruction of thymus
Similar defect found in girls, also



Bare lymphocyte syndromeBare lymphocyte syndrome

Lymphocytes lack MHC class I and/or II 
molecules

Defect is in a protein that binds to the DNA 
promoter region for MHC proteins 



IMMUNE DEFICIENCY IMMUNE DEFICIENCY 
SYNDROMESSYNDROMES--COMBINEDCOMBINED

Severe combined immunodeficiency: SCID

Adenosine deaminase deficiency
Hyper-IgE with recurrent infections: Job

Reticular dysgenesis



Severe combined Severe combined 
immunodeficiency: immunodeficiency: SCIDSCID--11

Recurrent/chronic infections within 6 
months of birth- Fatal by 1 year

Two patterns:X-linked  
Autosomal recessive- “Swiss”

Viral (especially large DNA, like CMV, 
herpes), Fungal, Protozoal, Bacterial 

Oral candidiasis, otitis, pneumonia, diarrhea
GVH from maternal and transfused cells



Severe combined Severe combined 
immunodeficiency: immunodeficiency: SCIDSCID--22

T-cell defect usually apparent within first 
days of life

No lymphoid tissue
Thymus is small and devoid of lymphocytes 

or Hassall’s corpuscles
Treatment:BONE MARROW TRANSPLANT
MUST diagnose early



Adenosine deaminase deficiency Adenosine deaminase deficiency 
(ADA)(ADA)--11

Variable presentation- day 10 or age 2 yrs
until deterioration of cellular function; 
usually fatal by 4 to 6 months 

Half of autosomal-recessive SCID



Adenosine deaminase deficiency Adenosine deaminase deficiency 
(ADA)(ADA)-- 22

ADA & purine nucleoside phosphorylase are 
critical in purine salvage pathway

<1% of thymocytes survive thymic selection 
Adenosine not metabolized- toxic to developing 

lymphocytes
Bone  marrow transplant 
Genetic approaches- give ADA gene 
Bovine ADA



HyperHyper--IgE with recurrent IgE with recurrent 
infections: infections: JobJob

Job was afflicted with “sore boils from the 
sole of his feet unto his crown”

Large, cold subcutaneous Staph abscesses
Eczema very early in life
Eosinophilia and elevated IgE- much of the 

IgE is anti-Staph or anti-Candida 
Later IgA, T-cell and PMN chemotactic

defects may develop



Reticular dysgenesisReticular dysgenesis

More proximal stem cell defect: SCID plus
no PMNs

Infections within a few days 
Usually die by 3 months
Usually do not survive long enough to get a 

bone marrow transplant



IMMUNE DEFICIENCY IMMUNE DEFICIENCY 
SYNDROMESSYNDROMES--COMPLEMENTCOMPLEMENT

C1q Discoid, SLE Bacterial, 
fungal 
meningitis

C1r SLE, cutaneous Rare 
vasculitis, renal pneumonia

meningitis
C1r, s SLE ---
C4 SLE, HSP, SjS Rare 

bacteremia, 
meningitis



IMMUNE DEFICIENCY IMMUNE DEFICIENCY 
SYNDROMESSYNDROMES--COMPLEMENTCOMPLEMENT

C2 Arthralgia, SLE, Recurrent sepsis
HSP, cutaneous esp
vasculitis, Pneumococcus

dermatomyositis pneumonia, 
meningitis

C3 Nephritis, cutaneous Severe, recurrent
vasculitis, SLE bacterial



IMMUNE DEFICIENCY IMMUNE DEFICIENCY 
SYNDROMESSYNDROMES--COMPLEMENTCOMPLEMENT

C5 SLE Neisseria
C6 *SLE, SjS, nephritis Neisseria
C7 *SLE Neisseria
C8 *SLE, Raynaud Neisseria
C9 Neisseria



IMMUNE DEFICIENCY IMMUNE DEFICIENCY 
SYNDROMESSYNDROMES--NEUTROPHILSNEUTROPHILS

Neutropenias Cyclic, drug-induced
Complement        Chemotaxis, phagocytosis
Hypogamma        Chemotaxis, phagocytosis
Chediak-Higashi  Chemotaxis,cidal activity
CGD Cidal activity
Myeloperoxidase Cidal activity
Wiskott-Aldrich   Chemotaxis



ChediakChediak--Higashi SyndromeHigashi Syndrome--11

Autosomal recessive affecting PMNs, 
lymphocytes and monocytes

Partial albinism, neurologic abnormalities 
(sensory &/or motor neuropathy, ataxia)

Giant lysosomes within PMNs- fusion of
giant granules



ChediakChediak--Higashi SyndromeHigashi Syndrome--22
Defective degranulation->infxn with Gram 

(+), Gram (-) and fungi of  respiratory 
and integument- most often S. aureus

May be accelerated phase at any age with
organomegaly, pancytopenia, fever (no 
infxn)- often fatal



Chronic Granulomatous Chronic Granulomatous 
Disease (CGD)Disease (CGD)--11

PMNs and monocytes ingest but cannot kill 
catalase (+) organisms- cannot generate 
O2 metabolites, e.g. O2

- and H2O2
Male:female= 6:1; 66% as X-linked defect
Onset in early childhood or adulthood
Staph aureus, Serratia maracesens, 

Salmonella spp.
Micro-abscesses & granulomata



Chronic Granulomatous Chronic Granulomatous 
Disease (CGD)Disease (CGD)--2         2         

Lung (80%) pneumonia, lung abscess, mediastinitis

Lymph nodes (75%) lymphadenitis, splenomegaly

Skin (65%) eczematous dermatitis, granulomata, pyoderma

Liver (40%) abscesses

Musculoskeletal (30%) bone, muscle and/or joint infections

GI (30%) ulcerative stomatitis, esophagitis, obstruction

CNS (20%) meningitis, epidural abscess

GU (10%) cystitis, obstructive uropathy

Hematologic neutropenia, hypo/micro anemia 



Myeloperoxidase deficiencyMyeloperoxidase deficiency
Autosomal recessiveAutosomal recessive

Myeloperoxidase potentiates effectiveness 
of H2O2 in killing 

Syndrome similar to, but not as severe as, 
CGD



WiskottWiskott--Aldrich syndromeAldrich syndrome
(WAS)(WAS)--11

4:106 males; severe eczema, thrombocytopenia 
and infections- infections after 6 months

Ig hypercatabolism & inability to make Ig
to polysaccharide antigens

T-cell function often deteriorates with time
Bleeding often 1st problem, e.g. bloody diarrhea
Eczema by 1 yr- often secondarily infected



WiskottWiskott--Aldrich syndrome Aldrich syndrome 
(WAS)(WAS)--2: Forme frustes2: Forme frustes

Isolated thrombocytopenia: if WAS the 
platelets are small; if ITP, platelets are
large and the marrow full, normal Ig

Eczema/atopy: Normal platelet count and
antibody levels and without atopic 
family history suggests this is not W-A



WiskottWiskott--Aldrich syndromeAldrich syndrome
(WAS)(WAS)--33

Death at an early age due to bleeding (e.g.
intracranial), infection or lymphoma 

EBV-associated lymphomas reported in 2nd

and 3rd decade

Bone marrow transplantation



Tricky, eh?Tricky, eh?
TIME FOR A BREAK!!TIME FOR A BREAK!!

Features of T-cell vs. B-cell deficiency
Which syndromes present in the neonate;

in  infancy; in later childhood
Secondary deficiencies are VERY common

if you “see” them
Forme frustes may occur
Mother’s immunoglobulin until 6 months


