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Introduction
The majority of patients with a defined primary

immunodeficiency will be found to have defective antibody

production and/or function. This Clinical Focus is

dedicated specifically to the diagnosis of patients who

have antibody defects as their primary feature. Often the

first clue to a patient with an antibody deficiency is the

frequent recurrence of respiratory tract infections.

Nevertheless, many patients present with autoimmune

disease and this feature must be borne in mind. A

number of single gene defects have been identified in the

last five years that cause a condition with a combination of

autoimmune features and recurrent infections. The

infections that should serve to alert the physician to the

presence of a primary immunodeficiency include severe

pneumonia, empyema, recurrent respiratory tract

infections, recurrent sinus or ear infections, and infections

that require multiple rounds of antibiotics for eradication1, 2.

Family history of unusual autoimmune disease or

infections can also increase suspicion of primary

immunodeficiency in a patient with compatible clinical

features3. When an immunodeficiency is suspected, there

are a number of laboratory tools that can be brought to

bear diagnostically. Those that are most typically used

include assessment of serum immunoglobulin levels and

flow cytometric analysis of lymphocyte populations. This

review will focus on diagnostic strategies that are

appropriate when one considers diseases where antibody

defects are the central feature. This review will not cover

T-cell disorders, phagocytic disorders, complement

defects, or combined immune deficiencies even though

defective antibody production or function may be a

component of those disorders.

Primary Immunodeficiencies
Primary immunodeficiencies are a group of over 250

different defects related to the normal function of the

immune system 4,5. These disorders classically predispose

affected individuals to infection, autoimmune disease,

inflammation, and malignancy. These disorders are

distinct from secondary immune deficiencies, of which

HIV would be the most common worldwide 6. It is

important to remember, however, that immune

suppression and medications are common causes in

developed countries. The question of secondary immune

deficiencies is exceedingly important when considering

antibody defects. Secondary antibody dysfunction is

extremely common and must be ruled out before the

diagnosis of a primary immunodeficiency can be made 6.

Medications are often not suspected as a cause of

antibody dysfunction but several medications are known to

cause hypogmmaglobuinemia. Corticosteroids and

rituximab are the most common causes of medication-

induced hypogammaglobulinemia but other causes are

listed in Box 1 for reference. Loss of immunoglobulin in

the gastrointestinal tract or kidneys represent reasonably

common causes of secondary hypogammaglobulinemia

(Box 2). In children, congenital cardiac defects can also

be associated with secondary hypogammaglobulinemia

and chylous loss after cardiac surgery will drain

immunoglobulins quickly. Similarly, a draining

lymphangiectasia can also lead to secondary loss of

immunoglobulin. While this review will focus on primary

immunodeficiencies and their diagnosis, the exclusion of

secondary causes represent a major effort during the

diagnostic approach.

Diagnostic Approaches to Antibody Deficiencies

Box 1 Medications Associated with
Hypogammglobulinemia (in some cases)

Antirheumatic
•   Corticosteroids

•   Rituximab

•   Gold

•   Penicillamine

•   Sulfasalazine

Anticonvulsants

•   Phenytoin

•   Carbamezepine

•   Levitieracetam

•   Valproic acid

•   Oxcarbazepine

•   Chlorpromazine

•   Lamotrigine

•   Zoniamide

Transplant
•   Anti-thymocyte globulin

•   Mycophenylate mofetil

•   Rituximab
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Overview of the Diagnostic Approach
Recurrent or severe infections or an unusual combination

of autoimmune disease and infections are common

reasons for initiating an evaluation of antibody function. At

the very outset it is important to consider the secondary

causes which are listed in Boxes 1-3. In many cases,

such as cardiac anomalies, the diagnosis of the primary

cause will not be a mystery. That is to say, the patient will

already know that they have inflammatory bowel disease,

nephrosis or a congenital cardiac anomaly. A simple

screening test for other causes of global protein loss is to

measure an albumin level. A comprehensive history

should alert the physician to the possibility of a

medication-induced hypogammaglobulinemia. Once the

consideration of the primary immunodeficiency rises to the

top of the differential diagnosis, the initial approach should

be to measure the amount of antibody and the function of

antibody. This is best performed by obtaining an IgG, IgA,

IgM, IgE as well as antibodies to vaccine antigens. These

simple tests will diagnose the majority of patients with a

primary antibody defect. The remainder of this review will

focus on some of the subtleties related to interpretation of

these diagnostic tests. Important considerations include

the age of the patient and the timing of the vaccines.

B Cell Development and 
Production of Immunoglobulin
Certain primary immunodeficiencies are caused by a

block in the differentiation of B cells. In other cases, the

cause is due to functional deficits that may be reflected in

an imbalance in the B cell subset distribution. To better

understand the diagnostic approach, it is therefore useful

to review normal B cell development 7. B cells begin their

development in the bone marrow, and the earliest stage

identified in humans is typically the pro-B cell. The pro-B

cell to pre-B cell transition is a vulnerable time because

this is when B cell progenitors test their heavy chain and

signaling pathways. Several types of agammaglobulinemia

are associated with blocks in development that affect the

pro to pre-B cell transition. Immature B cells in the bone

Box 3 Conditions to Exclude in Evaluating a
Patient with an Antibody Defect

Infants

• Ensure there is no evidence of a T cell disorder 
- T cell lymphocyte subset enumeration 
(including CD45RA, CD45RO)
- T cell proliferative function

• Consider syndromes associated with immune
deficiencies
- Assess for developmental delay, dysmorphic features

• Exclude secondary hypogammaglobulinemias

Children

• Consider syndromes associated with immune
deficiencies
- Assess for developmental delay, dysmorphic features

• Exclude secondary hypogammaglobulinemias

Adults

• Older adults need special attention for CLL and
thymoma
- Lymphocyte enumeration

• Consider syndromes associated with immune
deficiencies
- Assess for developmental delay, dysmorphic features

• Exclude secondary hypogammaglobulinemias

Immunoglobulin loss (typically IgG only)

Renal losses
• Nephrotic syndrome

Burns

Lymphangiectasia

Intestinal inflammation
• Eosinophilic esophagitis
• Inflammatory bowel disease
• Protein losing enteropathy

Cardiac
• Single ventricle

Fluid resuscitation
• Sugical
• ICU

Malignancy

Lymphoma

CLL

Thymoma

Medications

(see Box 1)

Malnutrition

Box 2 Common Causes of Secondary
Hypogammaglobulinemia
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marrow are the first stage at which all components of the

B cell receptor complex are intact and functional. This is

the most critical stage for central B cell tolerance 8.

Immature B cells that engage antigen are typically deleted

or undergo receptor editing to replace self-reactive

receptors with non-self-reactive receptors. At this point,

the cells are ready to exit the bone marrow. They home to

the secondary lymphoid structures as transitional B cells

and rest there as mature naïve B cells. When these cells

recognize a specific antigen, there are two paths they can

take. For T-independent antigens, which are largely

complex polysaccharides, the B cell can mature and

produce antibody. These B cells can undergo class

switching and can elicit long lived responses although

there is never a recall response (a boost in antibody

production after a second exposure) 9. In spite of a lack of

a typical recall response, the responsive cells can respond

to secondary stimulation and exhibit some elements of

memory. T-dependent antigens elicit true memory B cells

and require follicular helper T cells in order to transition to

class switched, somatically hypermutated memory 

B cells 10. This complex process requires T cell and B cell

contact in the germinal center and display of antigen by

follicular dendritic cells. 

The class switching occurs first with transition from IgM

producing B cells to IgG, IgA or IgE producing B cells.

The specific isotype is dictated largely by the cytokine

milieu. Once class switching has occurred, somatic

hypermutation is driven by follicular helper T cells. The

induction of specific point mutations in the hypervariable

regions leads to a type of fine-tuning of the antigen

receptor to ensure the highest avidity is produced. There

are primary immunodeficiencies in which this stage of

antibody production is defective. They are characterized

by lack of class switched memory B cells. Finally,

plasmablasts and memory B cells are generated by this

same mechanism. Plasmablasts home back to the bone

marrow where they become long lived plasma cells and

memory B cells circulate and reside in secondary

lymphoid organs awaiting a repeat visit from the same

antigen. IgA producing plasma cells have a distinct natural

history that is more reliant on the intestinal

microenvironment, but the specific cues for the

development of these cells in humans remain under

investigation. It may be appreciated that blocks in

development defined by flow cytometry can be important

clues to the etiology of antibody defects.

Measurement of 
Immunoglobulin Levels
The measurement of total IgG, IgA, IgM, and IgE represent

the most common initial step in the diagnosis of antibody

defects. A key feature of immunoglobulin production is

that it is tightly developmentally regulated and newborns

do not typically produce immunoglobulin. Newborns can

have quite high levels of IgG due to trans-placental

transfer; however, these levels wane over the first three

months of life. Shortly after birth, infants will begin

producing IgG and IgM, but it is common to have a

physiologic nadir at about three months of life. The depth

of the nadir and the length of time it takes for the baby to

produce its own immunoglobulins can be somewhat

variable leading to some diagnostic confusion during this

timeframe. IgA is made later than the other two

immunoglobulins, and many infants produce little IgA until

after a year of age. It is acceptable to have low levels of

IgA until 2 years of age due to the great variability in the

production of this specific isotype. Even later in life,

perhaps 1:500 individuals in some populations can have

low IgA levels without a marked predisposition to infection.

Therefore, it is absolutely essential to use age-specific

normal ranges in the interpretation of total

immunoglobulin levels. It is, in general, useful to obtain

levels of all four isotypes of immunoglobulin at the outset

as there can be specific immune deficiencies associated

with elevation or decrements in one or the other but not

all. Table 1 provides normal ranges of immunoglobulin

levels across different age ranges. Notice that the ranges

represent 2.5-97.5% Confidence Intervals for the general

population and therefore falling marginally outside of the

normal range does not necessarily imply an

immunodeficiency. Measurement of immunoglobulin

levels is not sufficient as an isolated maneuver to make

the diagnosis of an immunodeficiency in most cases. 

Assessment of Functional Antibody
Vaccines are commonly used in the population and

represent standard antigens for which immune responses

have been validated. One of the initial steps in the

evaluation of a patient with suspected antibody deficiency
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is to measure antibodies to vaccine antigens11. This is a

common and simple first step in the process, however, it

is important to realize that antibody quality involves more

than the development of antibodies that recognize

antigen. We have very limited testing available in the

clinical realm to measure antibody repertoire, antibody

memory responses and antibody affinity. Assays have

been developed to test all of these, but they are

infrequently applied in a clinical setting and no normal

ranges have been validated. Therefore, the assessment of

antibody responses to vaccines is the cornerstone

currently for assessing antibody quality in patients.

Although the specifics of measuring antibody quality vary

from center to center, the concept is to measure antibody

responses to vaccines to which the patient has a known

exposure. Many people will measure responses to as

many antigens as they can while others start with a select

set such as diphtheria toxoid, tetanus toxoid, and S.

pneumoniae serotypes. Particularly because these

vaccines are given early in infancy, they represent

antigens to which most people in the population have

been exposed. A more expansive set might include

antibodies to H. influenzae, measles and varicella.

The interpretation of antibody responses to vaccines might

seem to be very straightforward. The subject has been

fraught with controversy, and indeed while practice

parameters have been developed there is not a universal

consensus on how to define normal versus abnormal

responses to vaccines12. The initial step is to assess

SERUM IgG, IgM, IgA, and IgE LEVELS*

Age IgG(mg/dL) IgM(mg/dL) IgA(Mg/dL) IgE(IU/ml)

Cord blood (term) 1121 (636-1606) 13 (6.3-25) 2.3 (1.4-3.6) 0.22 (0.04-1.28)

1 month 503 (251-906) 45 (20-87) 13 (1.3-53)

6 weeks 0.69 (0.08-6.12)

2 months 365 (206-601) 46 (17-105) 15 (2.8-47)

3 months 334 (176-581) 49 (24-89) 17 (4.6-46) 0.82 (0.18-3.76)

4 months 343 (196-558) 55 (27-101) 23 (4.4-73)

5 months 403 (172-814) 62 (33-108) 31 (8.1-84)

6 months 407 (215-704) 62 (35-102) 25 (8.1-68) 2.68 (0.44-16.3)

7-9 months 475 (217-904) 80 (34-126) 36 (11-90) 2.36 (0.76-7.31)

10-12 months 594 (294-1069) 82 (41-149) 40 (16-84)

1 year 679 (345-1213) 93 (43-173) 44 (14-106) 3.49 (0.80-15.2)

2 years 685 (424-1051) 95 (48-168) 47 (14-123) 3.03 (0.31-29.5)

3 years 728 (441-1135) 104 (47-200) 66 (22-159) 1.80 (0.19-16.9)

4-5 years 780 (463-1236) 99 (43-196) 68 (25-154) 8.58 (1.07-68.9)+

6-8 years 915 (633-1280) 107 (48-207) 90 (33-202) 12.89 (1.03-161.3)

9-10 years 1007 (608-1572) 121 (52-242) 113 (45-236) 23.6 (0.98- 570.6)§

14 years 20.07 (2.06- 195.2)

Adult 994 (639-1349) 156 (56-352) 171 (70-312) 13.2 (1.53-114)

Table 1
Immunoglobulin Levels

From Kjellman NM, Johansson SG, Rother, A. Clin Allergy 1976; 6:51-59; Jolliff CR., et.al Clin Chem 1982; 28:126-128; and
Zetterström O, Johansson SG. Allergy 1981; 36(8):537-547
*Numbers in parentheses are the 95% confidence intervals (CIs)
+IgE data for 4 yr.
⌃IgE data for 7 yr.
§IgE data for 10 yr.
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specific antibody to each of the vaccines. Normal antibody

responses to vaccines will wane over time, and indeed this

is the rationale for periodic booster shots. Therefore, a

person who is more than 10 years out from their most

recent vaccine series could have low levels because they

are immune deficient but could equally well have low

levels because they are in need of a booster vaccine. The

slope of decline of antibody to vaccine antigens over time

is not particularly well understood and has led to the

common practice of re-vaccinating someone who has low

levels of antibody to a specific antigen. All vaccines have

an intrinsic failure rate and thus having normal responses

to most vaccines but absent responses to one vaccine or

one serotype within a vaccine does not necessarily

constitute an immunodeficiency. It is important to assess

the totality of the specific antibody responses. If antibodies

to vaccine antigens are low upon the first evaluation

across the board, it is reasonable to re-vaccinate the

person with one or more vaccines to test the ability of their

immune system to respond at that moment in time to an

antigenic challenge. An exception would be a person who

had recent documented vaccines. When re-vaccination is

performed, the optimal time to measure repeat levels is 

2-6 weeks after the booster vaccine is given. This is the

peak production of IgG after an antigen challenge, with

shorter time frames required for memory responses and

longer time frames for primary responses. This initial

assessment of specific antibodies to known antigens is a

very typical first step. Most immunologists would agree to

this approach. What is more controversial is the

interpretation of the results.

A second valuable strategy is to measure the antibody to

known infecting organisms and/or isohemagglutinins. In a

person who has had pneumonia with a known serotype of

S. pneumoniae, one would expect that antibodies to that

serotype should be high. Antibodies to natural infection

can be robust and long-lived compared to vaccine-

induced antibody and it therefore represents a physiologic

analysis of immune function. Treatment of bacterial

infections does not usually blunt the antibody response

but treatment of viral infections has been reported to blunt

antibody responses. The antibody response in previously

vaccinated individuals, specifically for S. pneumonia, can

be low, without a rise after infection 13. Isohemagglutinins

are IgM antibodies to red cell antigens. Approximately 3%

of the population has blood group AB and will not make

isohemagglutinins. Infants do not make high titers of

isohemagglutinins, but in other populations these can be a

valuable tool to assess IgM antibody production.

Interpretation of Diagnostic
Vaccination
This subject is of such great importance that a major

working group was convened by the American Academy

of Allergy, Asthma and Immunology (AAAAI) to provide

guidance for practicing allergist-immunologists 12. This

section will reprise some of that document, but it is

important to recognize that there are no data that

specifically define abnormal vaccine responses. A key

concept in evaluating vaccine responses is the

immunologic paradigm of protein versus polysaccharide

antigens. As described earlier, protein and polysaccharide

are viewed differently by B cells. Protein responses require

T cell help whereas polysaccharide responses are typically

T cell-independent. In the setting of a complex antigenic

exposure such as live S. pneumoniae, it is likely that there

are both T-dependent and T-independent antibody

responses. The 23-valent pneumococal polysaccharide

vaccine (PPV23), however, represents pure

polysaccharide and is thought to induce a relatively pure

B cell response without the requirement for T cell help. It

is typical to measure antibody responses to both protein

antigens such as diphtheria toxoid and tetanus toxoid as

well as polysaccharide responses to PPV23. The

traditional infant vaccines, Prevnar 7 and Prevnar 13,

represent protein-conjugated vaccines that were

developed to enhance immune responsiveness in infants

to these common pathogens. For this reason, responses

measured after Prevnar 7 or after Prevnar 13 represent a

response more similar to that of protein antigens (e.g.,

diphtheria and tetanus toxoid) than to that of a pure

carbohydrate antigen (e.g., PPV23). 

There are additional antibody levels that can be

incorporated into the evaluation. It is possible to measure

antibodies to Haemophilus influenzae (protein conjugate

vaccine), hepatitis B, and meningococcal (both

polysaccharide and protein conjugate vaccines exist). The

rabies vaccine has sometimes been used as a pure neo-
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antigen. Measles and varicella represent live-attenuated

viral vaccines that induce T-dependent responses. One

other strategy that has been used on a research basis is to

administer bacteriophage phi X 174 and measure antibody

response to this neo-antigen. Very clear standard responses

have been determined for this antigen for research

purposes. The concept of the neo-antigen is to distinguish

memory responses from new responses which have

theoretical implications for understanding mechanisms of

immunodeficiency but are not widely used clinically.

The FDA requires that vaccine manufacturers demonstrate

that the antigens meet established standards. While

normal responses have been quantified in large studies,

as required by the FDA, it is less clear as to what

constitutes a true abnormal response to vaccines in an

individual person. For diphtheria and tetanus toxoid

responses, we anticipate that nearly 100% of recipients

will mount protective antibodies and 95% will retain those

for five years 14. Therefore an absent response to tetanus

or diphtheria is clearly abnormal. Levels that are low but

detectable may represent normal waning or a true

compromise in the production of specific antibody.

Protein-conjugated H. influenzae and protein-conjugated

pneumococcal vaccines exhibit some variability in

immunogenicity. In general responses to these protein-

conjugated vaccines are higher than 80% in the general

population, however, certain subgroups of the population,

such as Native Americans, do not exhibit good responses

to the Haemophilus influenzae vaccine 15-17.

Pneumococcal serotypes 6B and 23F tend to be less

immunogenic in the general population 18. Therefore,

antibody responses to H. influenzae and S. pneumoniae in

this setting need to be taken in the context of other

responses to vaccines. Lack of a single serotype response

does not indicate an immunodeficiency if all other

responses are normal.

The response to the polysaccharide vaccine, PPV23, has

engendered great debate amongst immunologists. There

are several reasons for the difficulties in the interpretation

of responses. Many people receive PPV23 after having

already received the protein-conjugated vaccine. Thus, the

pure polysaccharide response, i.e., without conjugate

priming, is seen only for those serotypes present in PPV23

that were not present in the protein conjugate vaccine

(Table 2). In addition, there are certain serotypes within

the PPV23 that are known to be less immunogenic such

as 6B and 23F. A final consideration is what is termed the

ceiling effect, which is present for many vaccines 19. The

concept is that patients with high pre-existing antibody to

a specific serotype are less likely to respond after

vaccination.

A practical aspect of delivering PPV23 is that it is not

approved for children less than 2 years of age although

studies have shown that younger children can make

normal responses 20-22. Antibodies to PPV23 serotypes

Non-conjugated 23 Valent Vaccine

Approved 1983 1 2 3 4 5 6B 7F 8 9N 9V 10A 11A 12F 14 15B 17F 18C 19A 19F 20 22F 23F 33F -

Conjugated 7
Valent Vaccine
(Prevnar®)
Approved 2000

- - - 4 - 6B - - - 9V - - - 14 - - 18C - 19F - - 23F - -

Conjugated 
13-Valent
Vaccine
(Prevnar13®)
Approved 2010

1 - 3 4 5 6B 7F - - 9V - - - 14 - - 18C 19A - - - 23F - 6A*

Table 2
Comparison of Pneumococcal Vaccines
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do not reliably last more than five years and, therefore, the

waning of antibody is faster than for protein antigens 23-25.

Another practical consideration is that it is not

appropriate to deliver multiple polysaccharide antigens

within a short timeframe due to the concern that

hyporesponsiveness can develop 26, 27. This

hyporesponsiveness is variable but seen with

polysaccharide antigens with effects dependent on age

at administration, dose, precise antigen, prior exposures,

and even colonization status 28. For this reason,

diagnostic polysaccharide booster vaccines should be

limited to a single administration.

In addition to the concerns about the vaccine and its

administration there are also concerns about the widely

used assays for the detection of antibody responses to S.

pneumoniae serotypes. Today, the most commonly used

assay is based on ELISA technology. There can be

variation from laboratory to laboratory and it is therefore

important to try to use the same laboratory when

comparing pre- and post-immunization antibody levels

and preferably on the same test run. With all of these

concerns and limitations, responses to PPV23 are still

widely used for the identification of patients with primary

immunodeficiencies. The AAAAI criteria for normal

response is that children from 24 months to 5 years of

age should convert at least 50% or more of their

serotypes to the protective range after primary series of

vaccines. Any booster vaccination should lead to a

twofold increase in levels in at least 50% or more of the

serotypes. For patients 6 to 65 years of age, a normal

response has been defined as 70% of the serotypes

exhibiting a twofold increase after vaccination 12.

Because adults will typically not have had their primary

series with the protein conjugate vaccine nor a previous

PPV23, baseline pneumococcal antibody levels would be

expected to be relatively low. These represent a

consensus interpretation of available data sponsored by

AAAAI in an effort to clarify what has always been a

contentious area. There are very limited data available,

and individual immunologists often develop their own

algorithms that include infection pattern,

immunoglobulin levels and vaccine responses for these

difficult patients who have neither clearly normal nor

clearly abnormal vaccine responses. The Mayo Clinic

has attempted to develop an algorithm using a study of

previously non-vaccinated adults 29. They excluded

serotypes 22, 23, 34 and 51 from analysis because

these serotypes failed to induce significant levels of

specific antibody. They found that healthy individuals

would have responses to nine of the remaining 19

serotypes with response defined as a level greater than

the established cut-off either at the pre-vaccine or post-

vaccine test. They also noted that an alternative of

requiring at least four serotype antibodies to change from

below to above the cut-off was equally sensitive and

specific. These data are extremely valuable and highlight

the broad range of normal responses. It is not clear that

these data can be extrapolated to results from other

laboratories but should be viewed as a clear

demonstration of the lack of clear data to guide clinical

decision making and the variation in normal responses to

even standardized antigens.

Clinical Interpretation of 
Diagnostic Studies
Once the immunoglobulin levels and responses to

vaccines have been defined in a patient, the next steps

depend to a certain extent on the findings. Table 3 gives

a summary of the typical findings for antibody defects

listed by the IUIS committee 5. It may be appreciated

that a combination of antibody levels as well as vaccine

responses are required in most cases to characterize the

defect. For most of these disorders, flow cytometry will

also be performed to firmly establish the diagnosis and

in many cases genetic testing should be pursued. At this

point, one can easily define two categories of patients

with antibody defects based on serum levels of

immunoglobulins and specific antibody levels. There are

those patients who have markedly abnormal

immunoglobulin levels as well as poor responses to

vaccines. A second group may have normal or near

normal immunoglobulin levels with a mixed or poor

response to vaccines. When one is faced with markedly

abnormal immunoglobulin levels in an infant,

interpretation is somewhat different than when it is

observed in an adult. Young infants with markedly

abnormal immunoglobulin levels should be assessed for

T cell dysfunction because significant T cell dysfunction

will require a hematopoietic stem cell transplant. An

adult with markedly abnormal immunoglobulin levels will

require additional workup to exclude chronic lymphocytic

leukemia or thymoma (Box 3). 
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Name Gene/inheritance Immunoglobulin levels Antibody titers Features other
than infection Next diagnostic steps

Most likely to be encountered

IgA Deficiency (IGAD) Polygenic
Normal IgG, IgM with
an IgA less than
5mg/dl

Intact Controversial
Reassess if medical condition
changes

Transient
Hypogammaglobulinemia
of Infancy (THI)

Unknown
Low IgG, others
variable

Mostly intact None Reassess over time

Common Variable Immune
Deficiency (CVID)

Polygenic
At least two isotypes
including IgG must be
low

Poor Autoimmunity
Flow cytometry shows variable
defects in B cell development
and T cell production

Specific Antibody
Deficiency (SAD)

Unknown Normal
Poor responses at least
to polysaccharide
antigens

Limited
Flow cytometry should be
normal

IgG Subclass Deficiency Unknown
Normal IgG with low
IgG1,2,or 3

Variable Limited
Reassess if medical condition
changes

X-linked
Agammaglobulinemia (XLA)

BTK X-linked Very low Absent Neutropenia
Flow cytometry shows absent 
B cells Genetic

X-linked Hyper IgM CD40L X-linked
Normal or high IgM
with low igG and IgA

Absent
Pneumocystis,
neutropenia

Flow cytometry shows absent
switched memory B cells
Genetic

AID Deficiency
AID 
Autosomal recessive

Normal or high IgM
with low igG and IgA

Absent
Lymphoproli-
feration

Flow cytometry shows absent
switched memory B cells
Genetic

Centromeric Instability ICF
DNMT3B, ZBTB24
Autosomal recessive

Normal or low
IgG,variable IgA, IgM

Poor
Mild
dysmorphic
features

Less common monogenic types of agammaglobulinemia

m heavy chain deficiency IGHM 
Autosomal recessive

Very low Absent Limited
Flow cytometry shows absent
B cells Genetic

l5 deficiency IGL1 
Autosomal recessive

Very low Absent Limited
Flow cytometry shows absent
B cells Genetic

Iga deficiency CD79A 
Autosomal recessive

Very low Absent Limited
Flow cytometry shows absent
B cells Genetic

Igb deficiency CD79B 
Autosomal recessive

Very low Absent Limited
Flow cytometry shows absent
B cells Genetic

BLNK deficiency
BLNK 
Autosomal recessive

Very low Absent Limited
Flow cytometry shows absent
B cells Genetic

PI3 kinase deficiency (Loss
of function)

PIK3R1 
Autosomal recessive

Very low Absent Limited
Flow cytometry shows absent
B cells Genetic

E47 transcription factor
deficiency

TCF3 
Autosomal recessive

Very low Absent Limited
Flow cytometry shows absent
B cells Genetic

Less common monogenic types of hypogammaglobulinemia

CD19 deficiency
CD19 
Autosomal recessive

Low IgG and IgA
and/or IgM

Poor
Some glomeru-
lonephritis

Flow cytometry shows absent
CD19 Genetic

CD81 deficiency
CD81 
Autosomal recessive

Low IgG, low or normal
IgA and IgM

Poor
Some glomeru-
lonephritis

Flow cytometry shows absent
CD81 Genetic

CD20 deficiency
CD20 
Autosomal recessive

Low IgG, normal or el-
evated IgM and IgA

Poor Limited
Flow cytometry shows absent
CD20 Genetic

CD21 deficiency
CD21 
Autosomal recessive

Low IgG
Impaired anti-pneumo-
coccal response

Limited
Flow cytometry shows absent
CD21 Genetic

BAFF receptor deficiency
TNFRSF13C 
Autosomal recessive

Low IgG and IgM Poor
Variable clinical
expression

Genetic

TWEAK deficiency
TNFSF12 
Autosomal recessive

Low IgM and A 
Impaired anti-pneumo-
coccal antibody

Warts thrombocy-
topenia. 
neutropenia

Genetic

Table 3
Diagnostic Findings in Antibody Deficiency Diseases (listed approximately from most common to least common)
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Name Gene/inheritance Immunoglobulin
levels

Antibody
titers

Features other 
than infection Next diagnostic steps

Less common monogenic types of hypogammaglobulinemia continued

NFKB2 deficiency
NFKB2 
Autosomal recessive

Low IgG and IgA and
IgM 

Poor
Adrenal insufficiency
ACTH deficiency alopecia

Flow cytometry shows very
low B cells in some Genetic

Mannosyl-
oligosaccharide
glucosidase deficiency

MOGS 
Autosomal recessive

Very low 
Fairly
preserved

Neurologic disease Genetic

TRNT1 deficiency TRNT1 
Autosomal recessive

Low IgG Poor

Congenital
sideroblastic anemia
deafness
developmental delay

Flow cytometry shows low 
B cells Genetic

TTC37 deficiency
TTC37 
Autosomal recessive

Often normal

Impaired
anti-
pneumococc
al antibody

Abnormal hair findings:
trichorrhexis nodosa,
GI disease

Genetic

UNG deficiency
UNG 
Autosomal recessive

IgG and IgA decreased
IgM increased

Poor
Enlarged lymph nodes
and germinal centers

Genetic

INO80
INO80 
Autosomal recessive

IgG and IgA decreased
IgM increased

Poor Limited Genetic

MSH6
MSH6 
Autosomal recessive

Variable IgG defects
increased IgM in some

Poor
Family or personal
history of cancer

Flow cytometry shows normal
B cells, low switched memory
B cells Genetic

PI3K-Cd
(Gain of function)

PIK3CD 
Autosomal recessive

Reduced IgG2 and 

Impaired
anti-
pneumococc
al antibody

Early bronchiectasis
autoimmunity chronic
EBV, CMV infection

Flow cytometry shows
moderate reduction in T cells
and low switched memory 
B cells Genetic

PI3KR1 
(Loss of function)

PI3KR1 
Autosomal dominant

Absent IgA, low IgG Poor
EBV, CMV viremia
growth retardation 

Genetic

CTLA4 
(Gain of function)

CTLA4
Autosomal recessive

Low IgG, variable
effects on IgA and IgM

Poor
Autoimmunity,
lymphoproliferation

Flow cytometry shows low
naive T cells, low total 
B cells and low switched
memory B cells Genetic

CD40 deficiency
TNFRSF5 
Autosomal recessive

IgM increased or
normal, other isotypes
decreased

Poor
Neutropenia,
gastrointestinal disease,
opportunistic infections

Flow cytometry shows low
switched memory B cells
Genetic

ICOS deficiency
ICOS 
Autosomal recessive

Low Poor
Autoimmunity,
gastroenteritis, may
have granulomas 

Flow cytometry shows low
switched memory B cells
Genetic

BCL10 deficiency
BCL10 
Autosomal recessive

Low Poor
Viral infections,
candidiasis,
gastroenteritis

Flow cytometry shows low 
T and B cell memory cells
Genetic

IL-21 deficiency
IL21 
Autosomal recessive

IgG deficiency Poor
Severe early onset
colitis

Flow cytometry shows low 
B cells and very low switched
memory B cells Genetic

IL-21R deficiency
IL21R 
Autosomal recessive

Normal Poor
Cryptosporidia,
pneumocystis and
cholangitis

Flow cytometry shows low 
B cells and very low switched
memory B cells Genetic

LRBA deficiency
LRBA 
Autosomal recessive

Reduced IgG and IgA
in most

Poor
Inflammatory bowel
disease, autoimmunity,
EBV infections

Flow cytometry shows
decreased naive T cells and
very low switched memory 
B cells Genetic

CD27 deficiency
TNFRSF7 
Autosomal recessive

Hypogamma-
globulinemia following
EBV infection

Poor

Clinical and
immunologic features
triggered by EBV
infection, HLH Aplastic
anemia, Lymphoma

Flow cytometry shows low
iNKT cells

NIK deficiency
MAP3K14 
Autosomal recessive

Hypogamma-
globulinemia

Poor
Cryptosporidium
infections 

Low NK cell number and
defective NK cell activation
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Additional Studies
In many cases when abnormal immunoglobulin levels or

poor responses to vaccines are identified in an individual

patient, the next step will include flow cytometry. The use

of flow cytometry leads to a rapid overview of the

production of different cell types important for the

physiology of the immune system. The use of flow

cytometry can be very directed, for example, to enumerate

the number of B cells in a patient with suspected X-linked

agammaglobulinemia, or can be performed to gather a

global picture in a case where the diagnosis remains

uncertain. There are specific flow cytometry panels that

can be ordered that enumerate T cells, B cells, and

natural killer cells as well as panels that are more highly

focused on different developmental stages within each

category. The selection of a given flow cytometric panel is

determined by the goal at hand. Most infants with a

demonstrated antibody defect will require enumeration of

their T cell compartment and in this circumstance it is of

critical importance to select a T cell panel that includes

naïve and memory T cell markers. These markers are

usually designated as CD45RA (naïve) and CD45RO

(memory). The reason for inclusion of these naïve and

memory markers is to ensure that the child does not have

SCID, a combined immune deficiency or leaky SCID, that

is to say a form of SCID with residual T-cell production but

imperfect function. One of the hallmarks of this subset of

infants and children is that they will have a marked

acceleration of their naïve to memory conversion. The

identification of an infant with SCID or other types of

significant T cell compromise is of critical importance as

their long-term prognosis is poor in the absence of a

hematopoietic stem cell transplant. Other key strategies

are to enumerate B cells in an older adult with

hypogammaglobulinemia to identify patients with CLL who

will have high B cell counts or thymoma which would

result in low to absent B cell counts. As described above,

B cell maturation proceeds through an orderly series of

stages. The most mature B cell stage typically identified in

peripheral blood is the switched memory B cell. It can be

useful to identify a lack of these cells as absence is seen

in several antibody deficiency conditions where T cell help

is dysfunctional.

Although flow cytometry is often central in the diagnosis of

a primary immunodeficiency, today it is not unusual to

utilize genetic testing as a confirmatory strategy. Different

countries around the world and even settings within the

United States have variable access to diagnostic

sequencing. It is possible in the absence of sequencing in

many cases to establish a diagnosis with sufficient

certainty that the treatment plan can be developed.

Waiting for sequencing results should never result in

delaying the initiation of appropriate therapy when

aberrant function has been identified. Sequencing can

consist of directed sequencing when a specific disorder is

suspected. An example of this again would be X-linked

agammaglobulinemia where a boy with absent

immunoglobulins and titers is found to have no B cells.

There are autosomal recessive phenocopies of X-linked

agammaglobulinemia and, therefore, sequencing is

typically performed both to confirm the diagnosis and to

give the family information about reproductive risks.

However, therapy can be confidently initiated while

awaiting the sequencing results. When directed

sequencing is performed, the failure rate is extremely low,

however, lack of an identified mutation should prompt

additional diagnostic considerations, but it should not

change therapy when there are clearly demonstrable

functional abnormalities. It is always appropriate to

reevaluate the diagnostic considerations when a laboratory

result comes back with unexpected findings. In addition to

directed sequencing for one or a small set of genes, it is

also possible to do whole exome sequencing. This type of

sequencing attempts to sequence all of the coding regions

across the genome. It has a substantially higher failure

rate for technical reasons and significant issues related to

bioinformatic interpretation. Nevertheless, this occupies a

growing niche within the diagnostic approaches. A

particular caution with whole exome sequencing is that

only approximately 25% of patients will have an identified

mutation using the strategy. The technology is improving

all the time; however, it still represents an extremely

expensive endeavor and one with a relatively low rate of

success as defined by identification of a mutation. There

are numerous reasons for both technical and bioinformatic

failures that are beyond the scope of this review. Today,

most physicians use directed sequencing of one or a small

set when the diagnostic considerations are limited to a

small number of gene defects. Whole exome sequencing

is usually reserved for cases that are unusual or for whom

the traditional directed sequencing has been unrevealing.
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Therapy
A discussion of therapy for antibody deficiencies is beyond

the scope of this review on diagnostic approaches,

however, strategies include observation, prophylactic

antibiotics, and immunoglobulin replacement. For patients

with a clear defect in global immunoglobulin production,

immunoglobulin replacement is clearly mandated. For

patients who produce immunoglobulin in normal levels but

have no response to any vaccine, again immunoglobulin

replacement is required. For patients who have a more

selective response to vaccines, typically intact responses

to protein antigens with poor responses to polysaccharide

antigens, treatment can include observation, prophylactic

antibiotics, or immunoglobulin replacement. In this

circumstance, because some functional antibody is

produced, there is more leeway in the treatment and the

decision whether to initiate regular immunoglobulin

infusions should be tailored to the individual patient

experience. On the other end of the spectrum,

hematopoietic stem cell transplantation has been

attempted in some severely affected individuals with CVID.

At present, the mortality rate is high, and the use of this

treatment is evolving 30.

Conclusions
The initial testing to identify a patient with an antibody

defect is relatively straightforward. Most laboratories will

offer immunoglobulin levels as well as testing for antibody

responses to vaccines. Often the interpretation is

extremely straightforward with very low immunoglobulin

levels and poor responses to vaccines across the board.

Conversely, many people will have a completely normal

immunoglobulin and specific antibody response

evaluation. There are some patients who fall into a middle

ground, and these patients are best approached using

serial evaluations over time and additional approaches.

Box 4 lists some additional support resources. Common

Variable Immune Deficiency (CVID) evolves over time, and

serial approaches may reveal worsening immune status.

Strategic vaccination can also be helpful when the defect

is not entirely clear. The use of flow cytometry can be a

useful adjunct and is typically performed in most patients

before initiating immunoglobulin replacement although

once an antibody defect is functionally identified, the

results of flow cytometry are not required to initiate

therapy. There are certain diseases for which genetic

testing is the only way to make a diagnosis. Again, therapy

should not be delayed while waiting for the results of

genetic testing. Once clearly abnormal function is

identified, the best approach is to initiate therapy. In the

absence of an identified gene defect, it is important to

constantly reevaluate the diagnosis because the diagnosis

of CVID and specific antibody deficiency are both

functional diagnoses that require the exclusion of other

known immune deficiencies. Therefore, it is important not

to become complacent but rather to constantly reevaluate

the diagnosis as more single gene defects are being

identified in patients carrying the diagnosis of CVID. The

disorders described in Table 3 have expanded

considerably in the last five years, particularly with

reference to disorders associated with a combination of

autoimmune disease and antibody deficiency. Therefore,

this combination and/or a history of familial disease should

always raise concern about a single gene defect. When the

limits of testing have been exhausted for an individual

patient, it is appropriate to revisit their diagnosis

periodically and question whether there are new disorders

that have been described that might account for the

patient's phenotype. Having said that, it is critical to

remember that the identification of a functional defect in

antibody production is sufficient to mandate therapy. 
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Box 4 Support Resources

Immune Deficiency Foundation (IDF) Consulting Immunologist Program

www.primaryimmune.org/healthcare-professionals/idf-consulting-immunologist-program 

800-296-4433

The IDF Consulting Immunologist Program provides physicians the opportunity to consult with expert clinical
immunologists about patient specific questions and obtain valuable diagnostic, treatment and disease 
management information.

Clinical Immunology Society

www.clinimmsoc.org 

414-224-8095

The mission of the Clinical Immunology Society (CIS) is to facilitate education, translational research and novel
approaches to therapy in clinical immunology to promote excellence in the care of patients with
immunologic/inflammatory disorders.  They have a bulletin board to post complex patients for review by other experts.

American Academy of Allergy, Asthma, and Immunology (AAAAI)

www.aaaai.org 

313-371-8600

Physician Referral Service: 800-822-2762

The American Academy of Allergy, Asthma, and Immunology (AAAAI) is a professional organization for physicians who
treat patients with allergies, asthma and immunologic disorders. The organization provides a worldwide referral system
for physicians in various geographical regions.

Immune Deficiency Diagnostic Algorithm

www.immunodeficiencysearch.com 

This site provides an overview of the immune system, immunodeficiency, including a clinical algorithm, diagnostic
tests, disease list, and IVIG tutorial.
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IDF Services for Healthcare Professionals
IDF offers services and resources for healthcare professionals. Visit www.primaryimmune.org/healthcare-professionals
to learn more.

IDF Consulting Immunologist Program: A free service for physicians which provides the opportunity to consult with expert
clinical immunologists about patient specific questions and obtain valuable diagnostic, treatment and disease
management information regarding PI. Visit www.primaryimmune.org/consult

IDF & USIDNET LeBien Visiting Professor Program: Promotes improved knowledge by providing faculty at teaching
hospitals with a Visiting Professor with expertise in PI and offers Grand Rounds and clinical presentations at medical
institutions throughout the U.S.

IDF Online Continuing Education Course for Nurses (English): Primary Immunodeficiency Diseases and Immunoglobulin
Therapy: A free, 5-hour, U.S. accredited course for nurses that provides an update on PI, immunoglobulin therapies and
the nurse’s role with these therapies. Video Translations for Nurses in French, German, and Spanish are also available.
www.primaryimmune.org/healthcare-professionals/continuing-education-course-for-nurses

United States Immunodeficiency Network (USIDNET): USIDNET is a research consortium established to advance
research in the field of PI by maintaining a primary immunodeficiency disease registry, and providing education and
mentoring for young investigators. USIDNET, a program of the Immune Deficiency Foundation (IDF), is funded in part by
the National Institute of Allergy and Infectious Diseases (NIAID) and the National Institutes of Health (NIH) an agency of
the Department of Health & Human Services. 

IDF Medical Advisory Committee: Comprised of prominent immunologists to support the mission of IDF. 

IDF Nurse Advisory Committee: Comprised of exceptional nurses to support the mission of IDF. Available as a resource for
nurses administering immunoglobulin therapy or treating patients with PI. 

IDF Publications for Healthcare Professionals
All publications are available at no cost, and they can either be ordered, or downloaded and printed.
www.primaryimmune.org/idf-publications.

IDF Diagnostic & Clinical Care Guidelines for Primary Immunodeficiency Diseases 3rd Edition

IDF Guide for Nurses on Immunoglobulin Therapy for Primary Immunodeficiency Diseases 3rd Edition 

IDF Clinical Focus on Primary Immunodeficiencies: 
• “Chronic Granulomatous Disease”
• “Clinical Update in Immunoglobulin Therapy for Primary Immunodeficiency Diseases” 
• “Subcutaneous IgG Therapy in Immune Deficiency Diseases” 
• “Primary Humoral Immunodeficiency Optimizing IgG Replacement Therapy” 
• “The Clinical Presentation of Primary Immunodeficiency Diseases” 
• “Treatment and Prevention of Viral Infections in Patients with Primary Immunodeficiency Diseases” 
• “IgG Subclass Deficiency” 
• “Immunization Of The Immunocompromised Host”

Professional Organization Resources
Professional organizations are valuable resources for healthcare professionals caring for individuals with primary
immunodeficiency diseases. To view a complete list of organizations, go to: 
www.primaryimmune.org/healthcare-professionals/professional-organization-resources. 

IDF Resources for Patients and Families
IDF has numerous resources on primary immunodeficiency diseases for patients and families, including publications, peer
support programs, online networks and forums, educational programs, disease management tools, and much more. We
encourage you to visit www.primaryimmune.org to see the full spectrum of our offerings, and we urge you to order and
distribute our publications, all free of charge. If you have any questions or need additional information, please contact us
at 800-296-4433 or info@primaryimmune.org. 
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The Immune Deficiency Foundation, founded in 1980, is the national
patient organization dedicated to improving the diagnosis, treatment and
quality of life of persons with primary immunodeficiency diseases
through advocacy, education and research.


