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Evaluating and managing
hypogammaglobulinemia
■ A B S T R AC T

MAN

If a patient has frequent or recurrent bronchopulmonary
or sinus infections, they may be due to low levels of
immunoglobulins. This article describes common primary
(idiopathic) and secondary forms of hypogammaglobulinemia and how to evaluate and manage them.

■ KEY POINTS
Common variable immune deficiency is characterized by
severely reduced levels of immunoglobulin (Ig)G and
typically manifests as frequent and recurrent sinus and
lung infections. Monthly intravenous infusions of pooled
immunoglobulins to maintain total serum IgG levels
above 500 mg/dL help reduce the infection rate and
preserve pulmonary function.
Selective IgA deficiency should be managed by treating
infections, if they occur. Daily doses of antibiotics may be
helpful as prophylaxis.
Patients with hypogammaglobulinemia should be
evaluated to detect possible causes of the condition,
including chronic protein-losing gastrointestinal disorders,
renal disease, and certain malignancies.
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had four episodes of lobar pneumonia, in different locations, over the past 5 years. He also
has had chronic sinusitis since age 10, which
was treated with multiple courses of antibiotics, as well as endoscopic sinus surgery 4
years ago. In addition, he has a history of allergic rhinitis and atopic dermatitis, which is
now quiescent. He received a polyvalent
pneumococcal vaccine 1 year ago because of
recurrent infections.
Previous serologic testing for human
immunodeficiency virus was negative.
The patient currently takes no medications and has never smoked or used illicit
drugs. A review of systems is negative for musculoskeletal, neurologic, cardiovascular, renal,
or gastroenterological complaints.
Lobar pneumonia is confirmed by chest
radiography. Antibiotic treatment for encapsulated organisms is started. A consultation
with the allergy and immunology department
is requested.
■ EVALUATING PATIENTS
WITH RECURRENT INFECTIONS
Patients with frequent and recurrent respiratory infections should be tested for immune
system abnormalities (FIGURE 1). Recurrent
infection includes acute sinusitis three or
more times a year or pneumonia two or more
times a year. However, immune deficiency diseases are uncommon in the general population. Therefore, the negative predictive value
of laboratory tests is greater than their positive
predictive value. This makes it important to
only test immune function in patients with a
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Five types of immunoglobulins
The study of immunoglobulins (antibodies) began
in the 1890s when Emil von Behring described
“antitoxic activity” in animals immune to diphtheria. Investigators have since described the
structure of immunoglobulins and their critical
purpose in the adaptive immune response.
Immunoglobulins are the secreted form of the
B-cell antigen receptor. They are Y-shaped proteins consisting of two identical heavy polypeptide
chains and two identical light chains. There are
two types of light chains—kappa and lambda,
which are functionally identical. In contrast, there
are five types of heavy chains, for which each class
of immunoglobulin is named: alpha, found in
immunoglobulin (Ig)A, gamma (IgG), delta
(IgD), epsilon (IgE), and mu (IgM).
The light and heavy chains each contribute to
form a variable and a constant region. The variable region recognizes and binds to a specific anti-
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gen, and the constant region confers the effector
function of the antibody, ie, its subsequent biologic activity after binding to the antigen.
Antibodies play three critical roles in adaptive
immunity:
• They neutralize foreign antigens through
direct binding
• They alter antigens so they are more readily
engulfed by phagocytes (opsonization)
• They recruit immune effector cells and trigger
the release of cytokines and chemokines to
destroy foreign antigens.
All of the immunoglobulins fall into the category of serum proteins called gamma globulins, and
a low level of any or all of them is called hypogammaglobulinemia. The term is somewhat imprecise,
however, because the categorization is based on
electrophoresis, and gammaglobulins also include
some proteins that are not immunoglobulins.

history of frequent or recurrent infections and
who therefore have a high pretest probability
of an abnormality.
Basic laboratory tests should be done,
including a complete metabolic panel and complete blood count. Then, the physician should
evaluate immunoglobulin levels and function.
Immunoglobulin levels. Serum immunoglobulin (Ig)G , IgA, and IgM concentrations
are measured using rate nephelometry (total
cost $90), a sensitive, reliable test that quantifies antibody levels. The IgE concentration is
measured with an enzyme-linked immunosorbent assay ($57). Levels are reported with normal values in units of milligrams per deciliter
(TABLE 1).
Humoral immune function should be
assessed by measuring antibodies to polysaccharide antigen before and after immunization
($574). First, blood should be obtained for
antibodies to polysaccharide antigens such as
pneumococcus. Then, if the patient has not
recently received a pneumococcal vaccine, he
or she should receive unconjugated polyvalent
pneumococcal vaccine. Four weeks after vaccination, blood should be tested again for
pneumococcal antibodies.
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The antibody response to the polysaccharide antigens is reported with corresponding
normal values. There is a range of antigens to
which normal individuals will respond. While
no controlled study has determined the number of antigens to which one should respond, a
lack of response to all antigens is consistent
with impairment of the humoral immune system. This information is helpful when determining how best to manage a patient with
recurrent infections and will be discussed in
more detail later in this article.
The recently developed pneumococcal
conjugate protein vaccine (Prevnar) has complicated the evaluation of humoral immune
function. Its use for testing is controversial
and is not generally recommended, as people
may develop antibodies to the conjugated protein but not to the capsular antigens.
Cellular immune function may be compromised in patients with recurrent viral or
fungal infections. In such cases one may consider specifically determining T-lymphocyte
subsets by flow cytometry and the T-lymphocyte response to protein antigens through
mitogen stimulation or by performing delayed
hypersensitivity skin testing.
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Testing for immune system abnormalities
Recurrent infection and/or
Infection unresponsive to appropriate therapy

TA B L E 1

Normal serum
immunoglobulin concentrations
IMMUNOGLOBULIN
TYPE

Complete metabolic panel
Complete blood count

Normal

Abnormal

Measure immunoglobulin levels
Evaluate immunoglobulin response
to polyvalent pneumococcal vaccine
Evaluate T-cell response to protein antigens

Investigate
secondary causes

NORMAL VALUES IN ADULTS
(MG/DL)

IgG
IgG1
IgG2
IgG3
IgG4
IgA
IgM

717–1,411
344–966
133–622
12–138
1–115
78–391
53–334

FIGURE 1

■ PRIMARY HYPOGAMMAGLOBULINEMIA
Primary hypogammaglobulinemia by definition is without a known cause. In adults the
two most common forms are common variable
immune deficiency (CVID) and selective IgA
deficiency. Two others, IgG subclass deficiency and deficiency of antibody to a specific
antigen, are of unclear clinical significance.
TABLE 2 summarizes the different features of
immunoglobulin deficiency.
In all immune-deficient states, physicians
should attempt to rapidly identify complicating infections and initiate appropriate therapy
against the specific microbe. Prophylactic
therapy may be of value in some patients.
Common variable immune deficiency
CVID, a heterogeneous immune disorder, is
characterized by frequent and recurrent infections and decreased concentrations of multiple classes of immunoglobulins. IgG levels are
more than 2 standard deviations below the
mean, and the humoral immune response to
polysaccharide antigens is impaired.
More than 80% of patients have normal
numbers of B lymphocytes, but when the lymphocytes are presented with an antigen, they
fail to differentiate into antibody-secreting
plasma cells.1 Some patients may also have
increased apoptosis of helper T cells and
decreased T-cell function and signaling.2,3
Siblings of patients with CVID are at

increased risk of developing the disorder.4 No
definitive genetic cause has been identified;
susceptibility loci within the major histocompatibility complex of chromosome 6 have
been associated with CVID in familial studies,5 but these loci are also seen in many
autoimmune diseases.
The estimated prevalence of CVID is 1 in
20,000 to 100,000.6 It may be diagnosed in
childhood, but more often presents in adults.7
Consequences of CVID. Patients generally have recurrent and frequent upper and
lower respiratory tract infections (eg, sinusitis,
otitis, bronchitis, pneumonia) from encapsulated organisms.8 In several series of patients
with either recurrent sinusitis or pneumonia,
the prevalence of hypogammaglobulinemia
was greater than in the general population.9
From 25% to 48% of patients have
splenomegaly.10
Patients with CVID are also at increased
risk for a number of noninfectious diseases and
should periodically undergo a thorough history and physical examination to evaluate for
their presence. In 1999, CunninghamRundles and Bodian found that patients with
CVID had a 20-year life expectancy of only
65%, compared with more than 90% in agematched controls.11
The risk of non-Hodgkin B-cell lymphoma and gastric cancer is particularly
high.11 Hypogammaglobulinemia-associated
thymoma (Good syndrome) has also been
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TA B L E 2

Laboratory evaluation of hypogammaglobulinemia
DISORDER

TOTAL
IgG

IgA

IgM

IgG
SUBCLASS

Common variable
immune deficiency

Low

Variable

Variable

Low

Impaired

Selective IgA
deficiency

Normal

Low

Normal

Variable*

Normal

IgG subclass
deficiency

Normal

Normal

Normal

Low*

Variable

Selective
antibody deficiency

Normal

Normal

Normal

Variable

Impaired

Secondary
hypogammaglobulinemia

Low

Variable

Variable

Low

Variable

*Most

Cost of IVIG:
$10,000 to
$15,000 per
infusion
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PNEUMOCOCCAL
ANTIBODY
RESPONSE

commonly IgG2 subclass

reported. It is important that lymphoma not
be confused with benign lymphoid hyperplasia, which is also seen in patients with CVID.
Patients may develop chronic diarrhea, with
or without Giardia infection.
CVID is associated with systemic lupus
erythematosus, juvenile rheumatoid arthritis,
idiopathic thrombocytopenia purpura, and
autoimmune hemolytic anemia.12,13 The relationship between connective tissue diseases
and CVID is not fully understood. Some
patients initially present with an immune
cytopenia or other autoimmune disease that
eventually progresses to CVID.14
Patients with IgG deficiency have not
been found to be at increased risk for
bronchiectasis,15 but they are more likely to
develop interstitial lung disease.16
IVIG is the cornerstone of managing
CVID. Regularly scheduled treatment with
high doses of intravenous immunoglobulins
(IVIG) leads to improved outcomes, including
fewer hospitalizations and severe infections.
In the early 1940s, Edwin J. Cohn developed immunoglobulin fractionation methods.
Soon after, Charles Janeway identified
patients with recurrent infections and reduced
concentration of immunoglobulins. By the
early 1950s, Janeway was treating his patients
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with hypogammaglobulinemia using intramuscular immunoglobulin injections.17
Since then, techniques have improved,
including
intravenous
administration.
Subcutaneous injection is less common but is
equally effective.18
Immunoglobulins are pooled from the sera
of thousands of screened donors and typically
given through a peripheral catheter either at
home or in a physician’s office—at a cost of
$10,000 to $15,000 per infusion. A dose of
400 mg/kg is recommended every 3 to 4
weeks.19
The dosage is adjusted on the basis of
symptomatic improvement and IgG trough
levels, which should be measured every 6
months or more often if infections persist.
Serum IgG levels should be maintained above
500 mg/dL to help eliminate serious infections
and preserve pulmonary function.
Side effects of IVIG. Since IVIG is a
blood product, its administration may raise
concerns of viral transmission. Although no
case of human immunodeficiency virus transmission through IVIG has been reported,
hepatitis C transmission occurred in the early
1990s.20 Donor screening and IVIG purification techniques have since improved,21 and
no known transmission of viral or other infec-
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tion has since been reported.
Reactions to treatment with IVIG
include headache in up to 50% of patients,
and chills, nausea, fatigue, or myalgia in 5% to
10%. Other reported reactions include
increased blood pressure,22 aseptic meningitis
24 to 72 hours after the infusion,23 and acute
renal failure in older, diabetic patients after
receiving high-glucose, high-osmolar preparations.24 Infusion-related side effects may
diminish with slower infusion rates.
Anaphylaxis to IgA in the IVIG preparation can also occur: patients who are IgA-deficient and are exposed to IgA in pooled sera
may develop IgE antibodies against IgA. The
use of IgA-depleted IVIG has greatly reduced
this risk and is safe for patients who are IgAdeficient, even after long-term use of IVIG.25
Because the frequency of IgA deficiency is
relatively high in the population, one should
check the IgA level prior to initiating IVIG
therapy. If low, one should utilize IgA-depleted IVIG, with the first dose given in a monitored, controlled setting.
Selective IgA deficiency
Selective IgA deficiency is characterized by
low to nondetectable levels of IgA with normal levels of other immunoglobulin classes.
Some regard it as being on a continuum with
CVID, with patients diagnosed with selective
IgA deficiency occasionally progressing to
CVID.26
Selective IgA deficiency is the most common immune deficiency. Its estimated prevalence in whites is 1 in 300 to 1 in 80027; in
Asians the prevalence is lower at 1 in
15,000.28 It is inherited in an autosomal-dominant pattern with variable penetrance.
Most patients with IgA deficiency have no
symptoms.29 Others have recurrent upper and
lower respiratory tract infections. They are also
at increased risk for giardiasis and other gastrointestinal infections, autoimmune diseases
such as systemic lupus erythematosus and ulcerative colitis, and lymphoproliferative disorders.30,31 In one series,10 the risk of concomitant autoimmune disease was reported at 22%.
Patients who also have low levels of the
IgG2 subclass or low pneumococcal-specific
antibody levels are at higher risk for upper and
lower respiratory tract infections than are

those with IgA deficiency and normal levels
of IgG2.32 T-cell mediated immunity is not
impaired.
Management of selective IgA deficiency
is limited to treating associated infections.
Some advocate prophylactic daily doses of
antibiotics for patients with multiple, recurrent infections. No intervention is available
to either replace IgA via infusion or increase
production of native IgA.
IgG subclass deficiency:
Clinical relevance uncertain
IgG exists as four subclasses. IgG1 normally
has the highest serum concentration, followed
by IgG2, IgG3, and IgG4, respectively. IgG2 is
specific for polysaccharide antigens, and IgG1
and IgG3 are specific for protein antigens.
When the IgG level is reported, the level of
each subclass is measured and added to form a
total. Therefore, patients may have a normal
level of total IgG despite a markedly reduced
IgG subclass. IgG2 is the subclass that is most
often low.33
Subclass deficiency is frequently associated with atopy and can occur in healthy people. However, a deficiency of either IgG1,
IgG2, or IgG3 is associated with more frequent
and severe infections.34 IgG2 subclass deficiency is also more common in patients with
selective IgA deficiency and those who are
homozygous for C2 deficiency.35
Many experts debate the clinical relevance of IgG subclass deficiency—and the use
of IVIG to treat it. In a prospective, randomized placebo-controlled crossover study of 43
adult patients with symptomatic IgG subclass
deficiency, treatment with IVIG was associated with significantly fewer days of infection.36
However, no other studies have been conducted to confirm these findings.
We recommend that patients suspected of
having a deficiency of an IgG subclass and
recurrent infection be referred to a clinical
immunologist for further evaluation and management.

Experts
debate the
clinical
relevance
of IgG subclass
deficiency

Specific antibody deficiency
with normal immunoglobulins
Deficiencies of specific antibodies are also
associated with recurrent infections.37 The
condition was discovered when investigators
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evaluated humoral immune function with
pneumococcal vaccine and observed that
some patients with recurrent infections had
normal IgG concentrations but did not form
antibodies to some or all of the antigens in the
vaccine.
This condition is difficult to definitively
diagnose because the pneumococcal antibody
response is variable. The number of antigens
that a person’s immune system recognizes
increases from childhood to adulthood,38 and
no reliable standard for age-appropriate
response has been validated.39
Reports have described patients with a
specific antibody deficiency who improved
after being treated with IVIG,40 but no placebo-controlled study has been conducted.
■ SECONDARY
HYPOGAMMAGLOBULINEMIA

If immunoglobulins
are low, look
for a cause

Secondary hypogammaglobulinemia can be
due to a variety of conditions, which can be
divided into diseases of immunoglobulin loss,
diseases of immunoglobulin production, druginduced states, and high-stress states.
No studies to date have had sufficient
power to determine the incidence of secondary hypogammaglobulinemia. Thus, if you
detect hypogammaglobulinemia, you should
take a history to try to rule out potential causes. In addition, laboratory surveillance as
described at the beginning of this article
should be undertaken when managing
patients with infection and known causes of
hypogammaglobulinemia such as nephrotic
syndrome or chronic lymphocytic leukemia.
Diseases of immunoglobulin loss
The two most common conditions that can
result in low immunoglobulin levels are protein-losing enteropathies and renal disorders.
Protein-losing enteropathies that commonly present with decreased immunoglobulins include autoimmune enteropathy and
intestinal lymphangiectasia.
Autoimmune enteropathy is characterized
by protracted diarrhea, villous atrophy, and
enterocyte autoantibodies. It is mostly seen in
children but also occurs in adults.41
Intestinal lymphangiectasia is caused by
blocked interstitial lymphatics with resultant

140

CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 73 • NUMBER 2

loss of lymph fluid and immunoglobulins in
the gastrointestinal tract.42 A low-fat, highprotein diet can help return circulating
immunoglobulin concentrations to normal.43
Infusion of IVIG successfuly reduced the rate
of infection in two patients with protein-losing enteropathy.44
Chronic renal disease. Nephrotic syndrome is commonly associated with reduced
but functionally normal immunoglobulins.45
In adults with nephrotic syndrome, hypogammaglobulinemia increases the risk of bacterial
infection. Ogi et al46 treated 18 patients with
nephrotic syndrome and secondary hypogammaglobulinemia with IVIG every 4 weeks to
maintain serum IgG levels to above 600
mg/dL, which reduced the infection rate.
Children undergoing dialysis may develop
hypogammaglobulinemia across multiple
immunoglobulin classes. Isolated IgA deficiency has been reported in adults on dialysis.47,48
Diseases of immunoglobulin production
A number of malignancies, including chronic
lymphocytic leukemia (CLL),49 lymphoma,50
and multiple myeloma,51 are associated with
secondary hypogammaglobulinemia.
A known complication of CLL is an
increased risk of infections because of reduced
immunoglobulin synthesis.52 Patients with
CLL who have more frequent infections tend
to have lower immunoglobulin levels than
patients with CLL without recurrent infections.53
In multiple myeloma, enhanced T-cell
suppression of B cells appears to play an
important role in promoting hypogammaglobulinemia.54
The use of IVIG for treating secondary
hypogammaglobulinemia is under investigation, particularly for prophylaxis against infection in patients with hypogammaglobulinemia
secondary to malignancy.55
Medications
Medications that can cause reversible secondary hypogammaglobulinemia include:
Disease-modifying antirheumatic drugs
such as sulfasalazine and gold56,57
Systemic steroids for asthma, as well as
for bronchopulmonary dysplasia in children.58
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Steroid-induced hypogammaglobulinemia is
unique in that immunoglobulin levels are
diminished while function is preserved.
Phenytoin may lead to a CVID-like syndrome59 or selective IgA deficiency.60
Carbamazepine has been implicated in
IgA and IgM deficiency.53
Androgen replacement therapy can
cause secondary hypogammaglobulinemia,
but its clinical significance is uncertain.61
High-stress states
Physical stress can reduce immunoglobulin
production. During extreme physical activity,
athletes can develop reduced concentrations
of immunoglobulins and increased risk of
infection.62 Military recruits who undergo
periods of strenuous exercise, reduced calorie
intake, and sleep deprivation tend to have
lower concentrations of IgG, IgA, and IgM.54
■ CASE REVISITED
The allergy and immunology consultant
determines that the patient has no family history of recurrent infection, CVID, or selective
IgA deficiency.
Laboratory evaluation (lower limit of
normal values in parentheses):
• IgG ≤ 6.6 mg/dL (565)
• IgG1 ≤ 9 mg/dL (450)

•
•
•
•
•

IgG2 ≤ 12 mg/dL (180)
IgG3 ≤ 6 mg/dL (13)
IgG4 ≤ 9 mg/dL (8)
IgA ≤ 7.8 mg/dL (85)
IgM 9.9 mg/dL (45)
Pneumococcal antibody titers: no antibody response to any of the 12 pneumococcal
antigens evaluated.
Complete blood cell count and complete
metabolic panel: normal.
Computed tomography of the sinuses:
consistent with chronic sinusitis.
There is no evidence of a disease causing
hypogammaglobulinemia.
The patient’s clinical picture and laboratory evaluation are consistent with CVID. He
is treated with IgA-depleted IVIG 400 mg/kg,
which is well tolerated.
He is discharged with recommendations
for outpatient follow-up in the allergy and
immunology clinic and to be maintained at a
total serum IgG level of more than 500 mg/dL.
Over the last 5 years, the patient has tolerated his monthly infusions of IVIG with no
significant adverse reactions. He has experienced no further episodes of pneumonia and
has had sinusitis only once every 2 years. No
secondary lymphoproliferative or rheumatologic conditions have developed, and computed tomography scans of the chest have been
normal.
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