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CLINICAL VIGNETTE
A 39-year-old woman was found to have agammaglobulin-

emia when being evaluated for recurrent infections by an
infectious disease specialist. There was a prior history of
chronic sinusitis for at least 5 years and radiographic evidence
of right lower lobe pneumonia at the present visit. The patient
had an IgG level of 29 mg/dL, an IgA level of less than 1 mg/
dL, and an IgM level of 8 mg/dL. In addition to low IgG1 and
IgG3 subclass levels, IgG2 and IgG4 were absent. Additional in-
fectious history included 1 episode of facial shingles, recurrent
conjunctivitis and otitis media, cellulitis of the right thigh, and
plantar warts on both feet.
On eliciting early history, it became apparent that there was a

history of infections in childhood and the teenage years, which
became more frequent in the third decade of life. Family history
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was unremarkable other than 1 male sibling with recurrent
infections.
Radiologic examination of the chest (contrast-enhanced

computed tomography) revealed scattered pulmonary nodules
and bilateral hilar and mediastinal adenopathy (Fig E1). The
nodular infiltrates were progressive over time; however, there
were no respiratory symptoms, and thus the nodules were
considered as possible sarcoidosis. Results of fungal serology
were negative. A right lower lobe lung biopsy revealed acute
and chronic inflammation with increased eosinophils and focal
pneumonia. There was no evidence of malignancy or granu-
loma, and the bronchoalveolar lavage fluid was negative for
infection by smear and culture but also showed increased eo-
sinophil numbers. A retroperitoneal mass was noted on the
left side and was considered a possible lymphadenopathy. Ad-
ditional work-up did not indicate a lymphoma or pancreatic
malignancy. No splenomegaly was observed. Bone marrow
analysis revealed polyclonal lymphoid hyperplasia with nodu-
lar lesions of benign lymphoid aggregates. A thyroid follicular
adenoma was detected and removed surgically. There was no
evidence of protein-losing enteropathy or urinary protein loss
to account for the hypogammaglobulinemia, and the patient
had not been taking steroids, immunosuppressive medications,
or other drugs that could potentially cause a secondary
hypogammaglobulinemia.
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Additional laboratory analysis included HIV testing, results
of which were negative; lymphocyte subset quantitation (T, B,
and natural killer cells), results of which were all within
normal limits; and isohemagglutinin measurements, results of
which were negative. Antibody responses to vaccination was
assessed for diphtheria toxoid (DT), tetanus toxoid (TT), Hae-
mophilus influenzae B, Hepatitis A and B, cytomegalovirus,
EBV, respiratory syncytial virus, rubeola, varicella zoster, and
Streptococcus pneumoniae polysaccharides. There were low
or undetectable responses to all of these antigens, both protein
and polysaccharide. Other immunologic analyses included
quantitative B-cell subset immunophenotyping, which was
notable for significantly decreased class-switched memory B-
cell numbers, as well as decreased plasmablast and increased
transitional B-cell numbers. Lymphocyte proliferation to mito-
gens was modestly decreased, whereas proliferations to anti-
gens (Candida species and tetanus toxoid) were normal.
Natural killer cell cytotoxic function was also normal. The pa-
tient was initiated on immunoglobulin replacement for treat-
ment of the agammaglobulinemia.
The full version of this article, including a review of relevant

issues to be considered, can be found online at www.jacionline.
org. If you wish to receive CME or MOC credit for the article,
please see the instructions above.
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REVIEW
The causes of recurrent infections can be varied, ranging from

intrinsic anomalies of the immune system (primary immunode-
ficiencies) to secondary causes, including viral infections; ma-
lignancies; metabolic diseases; congenital anomalies resulting in
anatomic defects that might predispose to infections; medica-
tions, including immunosuppressive agents, immunomodulatory
agents, and cytotoxic drugs; iatrogenic causes; surgery, including
removal of immunologically relevant organs (thymus and spleen);
and transplantation. Understanding the underlying cause of
recurrent infections is important not only for diagnosis but also
for appropriate management of the patient. This review focuses
on evaluating the humoral (antibody) component of the immune
response. The diagnostic laboratory tests used for this purpose are
the same whether evaluating a primary or acquired (secondary)
defect, although the interpretation, significance, and subsequent
management might differ. A review on common variable immu-
nodeficiency (CVID) as part of the Clinical Management series is
discussed in an independent article.E1
Overview of assessment of humoral (antibody)

immunity
The diagnostic evaluation of a patient with recurrent infections

and known or suspected antibody defects, whether primary or
secondary, includes at a minimum a detailed clinical history,
physical examination, a family history, and laboratory testing.
The laboratory component should include quantitative measure-
ment of serum immunoglobulins: IgG, IgA, and IgM (IgE might
be included, depending on the clinical history); IgG subclasses
(should not be ordered routinely for every evaluation as part of an
initial assessment panel, as discussed later in this section); and
serologic measurement of antibody responses to vaccine antigens
(functional antibody evaluation) (Table E1), which include pro-
tein vaccines (DT, tetanus toxoid, and Haemophilus influenzae
B) and polysaccharide antigens (pneumococcal vaccine and iso-
hemagglutinins). Other vaccines (eg, hepatitis A, hepatitis B,
and measles and mumps) can also be used if laboratory testing
for these is not readily accessible in a particular region. The mea-
surement of isohemagglutinin levels is not the most robust marker
for antibody responses to polysaccharide antigens, especially in
very young infants less than 6 months of age, because they are
usually detectable in the blood of patients with A, B, or O blood
groups only after this age, and therefore it is preferable to assess
vaccine responses, when possible. In addition to measurement of
immunoglobulin levels and vaccine antibody responses, assess-
ment of humoral immunity should include quantitative B-cell
subset immunophenotyping (which is beyond the scope of this ar-
ticle), which, although not useful for diagnostic purposes, has
been shown to be relevant and potentially useful in classification
and prognosis of patients with CVID.E2

The methodology for measuring serum immunoglobulin levels
can vary widely between clinical laboratories; therefore it is
essential that laboratory-specific and age-specific reference
ranges be used for interpretation and furthermore that serial
monitoring of immunoglobulin (IgG) levels for patients receiving
replacement therapy is performed in the same laboratory for
consistency of data over time. Immunoglobulin levels of the 3
main isotypes, IgG, IgA, and IgM, show distinct age-related
variation, and a reliable reference range should include healthy
pediatric and adult donors across the age spectrum in each
category. Furthermore, because immunoglobulin levels can vary
in pregnant women depending on the stage of pregnancy, it is
important to ensure that pregnant women are not included in a
general immunoglobulin reference range because this can skew
the data and subsequent interpretation of patient results. Most
immunoglobulin and IgG subclass reference ranges either use a
95% range (95% CI) or 2 SDs on either side of the mean.
The interpretation of immunoglobulin results should take into

account the age of the patient (eg, transient hypogammaglobu-
linemia of infancy), the clinical history, and other causes that
might explain low immunoglobulin levels, including medications
and loss of protein in urine or stool. Levels of a single immuno-
globulin isotype might be decreased or levels of all 3 major
isotypes (panhypogammaglobulinemia) might be decreased, es-
pecially in patients with primary humoral or combined immuno-
deficiencies. Selective IgA deficiency (sIgAD) is the most
common immunodeficiency, with a variable incidence reported
among various ethnic groups, although it appears to be more
prevalent in white and Near Eastern populations than in Far
Eastern populations. The majority of patients with sIgAD are
asymptomatic, although there can be an increased association
with autoimmunity, particularly celiac disease and recurrent
infections, in some patients. Laboratory identification of com-
plete IgA deficiency is helpful in selecting the type of immuno-
globulin product (IgA depleted) to use for replacement therapy.
Hypogammaglobulinemia is gaining increasing recognition in

solid-organ transplant recipientsE3 and has also been reported in
some patients after treatment with B cell–depleting therapy.E4

Similar to sIgAD, certain IgG subclass deficiencies (IgG2, IgG3,
and IgG4; IgG1 does not count as a true subclass deficiency be-
cause it accounts for the majority of total IgG up to 70%, and
therefore a low IgG1 level would result in low total IgG levels)
are also relatively common in the general population (eg, IgG4 de-
ficiency, which has been reported to be observed in up to 15% of
children and 10% of adults, most of whom are otherwise asymp-
tomatic).E5 Also, the method used to quantitate IgG subclasses,
such as IgG4, can affect the classification of a deficiency (more
sensitive analytic procedures, including ELISA, enable detection
of IgG4 to levels <1 mg/dL). Comparison of patient data must be
made with age-matched healthy control subjects to ensure accu-
rate interpretation of IgG subclass results because subclass levels
increase with age (especially in the early part of life, 0-2 years).
Also, knowledge of testing methodology can determine sensitiv-
ity of detection, and the use of local laboratory-derived normal
values data is also essential for appropriate interpretation of the
data. Other than IgG4 deficiency, IgG2 subclass deficiency is the
next most common, is often linked to another IgG subclass defect
or IgA deficiency, and is also associated with impaired antibody
responses to polysaccharide antigens. For these reasons, it has
been suggested that IgG subclass assessment be restricted to pa-
tients with selective antibody deficiency, sIgAD, or suspected
CVID, which is in a relatively early stage of evolution. Thus func-
tional antibody responses to protein and polysaccharide antigens
are essential to determining whether an IgG subclass deficiency is
clinically relevant and also form the basis of establishing the need
for replacement therapy.
It is important to keep in mind that in patients with hypogam-

maglobulinemia, inability to make specific antibody responses, or
both who are being evaluated for fungal or viral infections,
alternatives to serologic testing should be used, when possible, to
avoid the risk of false-negative results (eg, the Fungitell
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[Associates of Cape Cod, East Falmouth,Mass]b-D-glucan assay
for invasive fungal infection or the galactomannan antigen test for
invasive aspergillosis). For evaluation of viral infections, includ-
ing HIV, molecular methods, such as PCR, might be more reliable
in such patients.
Among the primary immunodeficiency diseases, antibody

deficiencies are the most frequent (up to 65%), although
antibody/B-cell defects can also be seen in patients with com-
bined immunodeficiencies, as well as other well-characterized
primary immunodeficiencies, such as Wiskott-Aldrich syndrome
and ataxia telangiectasia. Assessment of the humoral immune
compartment includes evaluation of immunoglobulin production,
vaccine responses, B-cell immunophenotyping, and other mo-
dalities of measuring B-cell function.
Laboratory evaluation of vaccine (functional

antibody) responses and interpretation
As previously discussed, the 2 main categories of vaccine

responses assessed include protein and polysaccharide vaccines.
Because the majority of patients are likely to have received
diphtheria and tetanus vaccinations, IgG antibodies to DTand TT
are suitable candidates. Frequently, antibodies to Haemophilus
influenzae B can also be measured for a protein vaccine because
it is a conjugate and contains both protein and polysaccharide an-
tigens. It would not be a useful vaccine to measure in countries in
which this vaccination is not typically administered. Serologic
testing for anti-DT and anti-TT antibodies are widely available.
The protective titer is typically determined by the testing labora-
tory, and a normal or abnormal response is defined by whether the
patient has specific antibody titers within or outside the range
specified. However, most clinical laboratories have a cutoff of
0.1 IU/mL or greater for these antibodies. Because these antibody
titers can wane over time,E6 if a vaccination record is not readily
available, an option would be to vaccinate the patient and reassess
the antibody response 4 to 6 weeks after vaccination. This is par-
ticularly true in the adult population, and therefore an initial non-
protective titer should not be taken as axiomatic for defective
antibody function. Just as with immunoglobulin quantitation,
for consistent results and facile interpretation, prevaccination
and postvaccination titers should be measured in the same diag-
nostic laboratory. An ability to mount an effective antibody re-
sponse (ie, achieve protective titers) would indicate normal
humoral immunity to that antigen or group of antigens (protein
vaccines). In children the evaluation of vaccine responses should
be correlated with the age of the child and the appropriate sched-
ule of vaccination.
Although isohemagglutinins could potentially be assessed in

patients receiving immunoglobulin therapy as a surrogate for
antibody responses, it has been shown that most immunoglobulin
preparations contain varying amounts of isohemagglutinins. In
studies evaluating different lots of immunoglobulin preparations
for antibodies against blood group antigens, it was shown that
anti-A and anti-B antibodies were detected in 88% of these lots
and that the reported titers vary from low to high. Therefore this
might not be the most suitable approach for measuring antibody
responses in patients undergoing immunoglobulin replacement.
Although it might be optimal to evaluate functional antibody

responses in a patient not receiving immunoglobulin therapy,
this might not always be possible. Because the half-life of IgG
is known, it is possible to administer vaccines during
immunoglobulin replacement and measure antibody responses,
ensuring that baseline (prevaccine) data, total IgG levels, and
postvaccine data are available for interpretation.E7,E8 Vaccination
of patients with CVID undergoing immunoglobulin replacement
has shown that it is possible to assess functional antibody responses
in such a context, and in fact, a subset of such patients were dem-
onstrated as being capable of mounting vaccine responses.E9

Neoantigens have been used in some settings to ascertain de
novo functional antibody responses in patients receiving immu-
noglobulin therapy. However, the options of neoantigens are
fairly limited at present and include the bacteriophageFX174, ra-
bies vaccine, and the tick-borne encephalitis virus vaccine.E10-E12

The latter is a vaccine used primarily in Europe and therefore not
applicable to the North American context. The bacteriophage
FX174 is available only from a single source at present, with lim-
ited access (single-site) to laboratory testing. The bacteriophage
is administered at 0 and 6 weeks, and blood for testing is collected
at 0, 7, 14, and 28 days after vaccination. An attempt is being
made to procure ‘‘orphan drug test status’’ for this neoantigen,
which, if successful, might permit wider dissemination and setup
of testing facilities.
There are 2 main rabies vaccines available: Imovax (Sanofi

Pasteur, Lyon, France) and Rabavert (Chiron Behring GmbH,
Marburg, Germany). Although there have been occasional short-
ages of these vaccines, there is no indication that these vaccines
are in short supply at present. The vaccine as a neoantigen is
administered at 0 and 12 to 13 weeks. Laboratory testing to
measure antibody response to rabies vaccine is available through
clinical reference laboratories in at least 3 states in the United
States; however, the current methods onlymeasure total titers (not
IgG vs IgM). The methods used include either ELISA or a rapid
fluorescent focus inhibition test for detection of neutralizing
antibodies. The cost of the recommended 3 doses of rabies
vaccine administered for exposure or prophylaxis varies depend-
ing on accessibility to health insurance. The cost for a patient not
covered by insurance can vary depending on location from $500
to $1200, whereas for a patient with insurance, the cost can
decrease to $10 to $40. The rabies vaccine has been shown to be
relatively safe and without any significant adverse effects
reported relative to the number of vaccine doses administered
(http://www.cdc.gov/vaccines/vac-gen/side-effects.htm). How-
ever, all of these neoantigens are protein antigens and do not pro-
vide the means to assess antibody responses to polysaccharide
antigens. There is a meningococcal polysaccharide vaccine (Me-
nomune, Sanofi Pasteur) consisting of 4 polysaccharide antigens;
however, the key limitation is the lack of widely available and
standardized laboratory testing to measure antibody responses
to these polysaccharides.
The caveats for use of theprotein and polysaccharide neoantigens

include accessibility to laboratory testing for the specific antibody
and, in the case ofFX174, access to the bacteriophage preparation
for vaccination, as previously indicated. Also, rabies vaccine might
not be a suitable neoantigen in countries inwhich rabies vaccination
might be more frequent in the general population.
For polysaccharide antigens, the most common vaccine used is

the pneumococcal vaccine against Streptococcus pneumoniae.
There is a 23-valent vaccine (Pneumovax 23; Merck, Whitehouse
Station, NJ) containing all the major serotypes that cause invasive
pneumococcal disease and 3 pneumococcal conjugate vaccines
(Prevnar7 [7-valent], Wyeth, Madison, NJ; Synflorix [10-
valent], GlaxoSmithKline, Research Triangle Park, NC; and

http://www.cdc.gov/vaccines/vac-gen/side-effects.htm
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Prevnar13 [13-valent], Wyeth). The Synflorix vaccine is used in
Europe, whereas Prevnar7 has been used in the United States
for more than a decade in children less than 2 years of age or chil-
dren aged 2 to 5 years who have not received prior vaccination and
are at high risk for pneumococcal infection. Prevnar13 received
US Food and Drug Administration approval 2 years ago, but there
is no formal endorsement as yet from the Centers for Disease
Control and Prevention on its use in adults older than 50 years.
In some rare cases the meningococcal polysaccharide vaccine

can be used; however, interpretation of protective antibody
responses is less clearly defined, as alluded to above. Polysac-
charide antigen–specific antibody responses are useful not only in
patients with humoral primary immunodeficiencies who have
hypogammaglobulinemia or agammaglobulinemia but also in
patients with normal IgG levels who are unable to respond to such
vaccines (impaired polysaccharide responsiveness).
The interpretation of antibody responses to pneumococcal

vaccination is challenging and probably somewhat controversial.
The clinical laboratories in the United States that offer antibody
testing to the 23-valent vaccine (which includes the serotypes
represented in the 3 conjugate vaccines) measure IgG antibodies
to S pneumoniae polysaccharides because it is a type 2 T-indepen-
dent antigen. It has been recently shown that neutrophils in the
marginal zone of the spleen are critical in the development of an-
tibody responses to type 2 T-independent antigens, and in fact,
these B-helper neutrophils facilitate isotype class-switching of
the antibody response, among other functions. The more widely
used laboratory methodology for pneumococcal antibody testing
is a fluorescent bead–based quantitative assay, although it is pos-
sible to also use a variety of enzyme immunoassay methods for
this purpose. Because most of these laboratories perform their
own bead conjugation and develop their own standard and cali-
brators, it is essential to have prevaccination and postvaccine
evaluation in the same laboratory.
Practice guidelines and literature recommend the use of a

serotype-specific response of 1.3 mg/mL or greater as being
indicative of an antibody response to that serotype, and an overall
response to the vaccine would include the above cutoff for 50% or
more serotypes in children 2 to 5 years of age and 70% or more
serotypes in subjects 6 years or older.E13 Alternate recommenda-
tions suggest using a 4-fold increase in antibody titers over the ini-
tial (prevaccination) value as being another measure of the
polysaccharide-specific antibody response.E13 The 1.3 mg/mL
or greater cutoff value is somewhat arbitrary, and because individ-
ual serotypes have varying immunogenicity, it is not clear that all
serotypes would stimulate an equally effective antibody response;
this response might also be unequal depending on age. Further-
more, it is not clear as to what antibody titer constitutes a ‘‘re-
sponse’’ versus what is protective against infection, which
requires longitudinal monitoring after vaccination, especially be-
cause antibody titers might not correlate with function in the case
of pneumococcal antibodies because protection involves opsono-
phagocytosis of the bacteria by the serotype-specific antibody
(opsonizing capacity) along with complement activation.
At present, there are limited data on pneumococcal antibodies

in healthy subjects, either adults or children, who have not been
previously vaccinated or have had pneumococcal infection to
determine what the antibody responses to the 23 serotypes might
be in a healthy population. Also, approximately 30% of the
general population might have nasal colonization with S pneumo-
niae, which could affect the magnitude of the response after
vaccination. A recent study in healthy adults who had not been
previously vaccinated or had pneumococcal infection included
assessment of prevaccination and postvaccination (Pneumovax)
IgG antibody responses to all 23 pneumococcal serotypes.
Serotype-specific cutoffs were developed for interpretation of
‘‘response’’ to pneumococcal polysaccharides by using the pre-
vaccine and postvaccine antibody data (Park et al, manuscript
in preparation)E14; however, the robustness of these cutoffs needs
to be prospectively evaluated in a cohort of patients before and af-
ter vaccination in a future study. Also, it should be noted that the
above-described limitations in interpretation and methodology
would unfortunately make such serotype-specific cutoffs and
‘‘reference values’’ laboratory specific, as with other measure-
ments, including IgG subclass levels. Also, such serotype-
specific cutoffs before and after 23-valent polysaccharide
vaccination have not been developed in children, especially those
who have received previous conjugate vaccine.
Recent studies reveal that children less than 2 years of age can

indeed produce antibodies to the 23-valent polysaccharide
vaccine,E15 and more recently, it was shown that the antibodies
produced in infants and young children are functional (ie, capa-
ble of opsonophagocytic activity).E16 An ideal evaluation of the
antibody response in patients to pneumococcal polysaccharide
vaccination would include serotype-specific antibody quantita-
tion and measurement of antibody function (opsonophagocytic
assay).

Future of antibody testing: The next 5 years
The opsonophagocytic assay is very likely to extend beyond

research laboratories and enter the clinical diagnostic arena in the
next 2 to 3 years, which will facilitate evaluation of functional
pneumococcal antibody responses. Additional efforts are re-
quired to develop more robust guidelines for interpretation of
such antibody responses. Identification of alternate neoantigens
and more widespread laboratory testing for measuring
neoantigen-specific antibody responses would be helpful in the
evaluation of the patient undergoing immunoglobulin replace-
ment in whom traditional protein and polysaccharide antibody
measurements cannot be used. Another area that is gaining
attention in the diagnostic laboratory is the development of
quantitative antibody-secreting assays, whereby antigen-specific
antibody responses or polyclonal antibody responses can be
assessed by studying antibody-secreting cells (B-cell ELISpot;
Millipore, Bedford, Mass). A robust B-cell ELISpot assay might
obviate the need for a neoantigen because replacement immuno-
globulin therapy would not be expected to interfere with the
measurement of antibody-secreting cells. Improvement of labo-
ratory diagnostic methods, including assay standardization and
use of reference materials, might permit more meaningful
interlaboratory data comparison of immunoglobulin quantitation
or functional antibody results.

CASE REVISITED
The clinical, radiologic, and laboratory findings in this patient

supported a diagnosis of a primary immunodeficiency, CVID,
because secondary causes for the hypogammaglobulinemia were
eliminated after careful evaluation. The patient was initiated on
replacement immunoglobulin therapy with improvement in the
incidence of infections. She was subsequently transferred to
subcutaneous immunoglobulin therapy while still maintaining
good infection control.
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Yearly radiologic examinations revealed resolution of some of
the nodules in the lung, particularly after immunoglobulin
treatment (Fig E1, B). Periodic evaluation and serial monitoring
of immunoglobulin levels to maintain an optimal trough that cor-
relates with and improves clinical outcomes (not just maintenance
of a target trough level) are essential for reducing infectious com-
plications of CVID. This patient exemplifies the clinical and lab-
oratory investigations related to antibody testing required to
assess patients who present with recurrent infections.
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FIG E1. A, Computed tomographic scan of the chest reveals mild bilateral

hilar lymphadenopathy with ill-defined inflammatory-appearing nodules

scattered throughout both lungs. B, Computed tomographic scan of the

chest reveals extensive bilateral ground-glass density with nodular infil-

trates. There is some resolution in the nodules throughout both lungs com-

pared with the image in Fig E1, A, which was taken 2 years before this

image.
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TABLE E1. Diagnostic evaluation of humoral immunity (antibodies) in patients with infections

Quantitative antibody measurements

a. Serum immunoglobulins (IgG, IgA, and IgM); IgE (useful in recurrent respiratory infections and atopic disease); IgD is not useful for evaluation of antibody

deficiencies

b. IgG subclasses (useful if borderline total IgG or impaired vaccine response, adults and children >1 y)

Functional antibody measurements/vaccine responses

a. Isohemagglutinins (antibodies to polysaccharide antigens, useful only in children >6 mo of age, not useful in AB+ blood group individuals)

b. Protein antigens

i. Diphtheria toxoid (anti-DT)

ii. Tetanus toxoid (anti-TT)

iii. Haemophilus influenzae B (anti-HiB)

iv. Other vaccines

c. Polysaccharide antigens

i. S pneumoniae polysaccharides

ii. Meningococcal polysaccharides

d. Neoantigen

i. fX174

ii. Rabies vaccine

iii. Others (see text)
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