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IgG Subclass Deficiency
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For the past two decades, 1gG subclass deficiency has been
popularized as a potential explanation for apparent infection-
susceptibility in children and adults with normal total serum
concentrations of IgG, IgA and IgM. This has led to the indis-
criminate use of intravenous immunoglobulin (IVIG) replace-
ment therapy in patients with low levels of one or more of the
four 1gG subclasses. This article will review the problems and
pitfalls of basing IVIG therapy solely on such a finding, the
potential implications of low levels of these proteins, and the
optimal approach to diagnosis and management of patients
with deficiencies of one or more IgG subclasses.

Functions of 1gG

1gG is the immunoglobulin molecule normally present in
highest concentration in both intra- and extravascular spaces,
with a mean normal adult serum concentration of 1200
mgy/dl. It is of particular importance in secondary antibody
responses (immunologic memory), and it subserves a major
role in host defense against infection. Molecules of the IgG
isotype are involved in complement fixation, opsonization and
fixation to macrophages. It is the only class of immuno-glob-
ulin transported across the placenta from the mother to the
fetus.

IgG Subclasses
In the 1960's, four subclasses of 1gG were identified on
the basis of unique heavy chain antigenic epitopes, and it was

soon appreciated that there were differences among them in
terms of concentration, structure and function (Table 1). The
relative proportion of each of the IgG subclasses is generally
constant within the total amount of IgG present in a given
individual: 19G, constitutes 60% to 65%, 1gG, 20% to 25%,
1G4 5% to 10%. and 19G, 3% to 6% of total 1gG. The mean
normal adult serum concentration of 1gG, is 840 mg/dl, of
gG, is 240 m/dl, of 1gG, is 80 mg/dl, and of 19G, is 40

Table 1:
Property of 1gG Subclasses

Property 1gG; 196G, 1G5 IgG,
Percent of total IgG 60% 25% 10% 5%
Serum half life (days) 23 2 9 2

Complement fixation ++ + ++ -
Binding to macrophage ~ ++ + ++ +
Fc Receptors

(opsonization)

Antibodies to protein ++ + ++ +
antigens

Antibodies to + ++ +  +
polysaccharide antigens

mg/dl; however, there is a wide range of normal absolute val-
ues for each. Because of this variability and the much higher
concentration of 19G,, it is possible to have deficiencies of all
of the other subclasses and still have a normal total 1gG level.
Conversely, a low IgG, concentration usually results in a low
total 1G level. It is well to point out that low concentrations
of 1gG, occur with high frequency among healthy individuals,
and undetectable serum levels of 1gG, have been reported in
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up to 15% of healthy children and 10% of healthy
adults.
Because of differences in their structure, partic-

__. Ularly in the hinge regions, there are differences in ____

the biologic properties of molecules in the four differ-
ent subclasses. With regard to their abilities to fix
complement by the classical pathway, there is a rank
order of affinity of the different subclass molecules
for C10:19G;>19G;>>1gG,. 19G, does not bind C1q
and, therefore, does not fix complement. Similarly,
1gG, and 1gG, bind with higher affinity to Fc recep-
tors on phagocytic cells than do 1gG, and 19G,. There
are further differences with respect to their suscepti-
bility to proteolytic digestion: 19G;>1gG, and
19G,=>1gG,. The latter contributes to differences in
their half-lives: 19G,, 19G, and 1gG, have a T 1/2 of
23 days, whereas 1gG, hasa T 1/2 of only 9 days.
Molecules of the four subclasses all cross the placen-
ta, but 1gG, does so most efficiently and 1gG, least
well. There are also differences in the acquisition of
adult concentrations of the four subclasses: 196,
reaches adult levels by 1 to 4 years of age, whereas
concentrations of the other three subclasses are usu-

Table 2:
Problems Associated with the

Measurement of IgG Subclasses

*Discrepancies in results obtained in different
laboratories on aliquots of the same serum
sample.

* Measurement of an IgG subclass concentra-
tion provides no information about antibody
function.

*In young children, there is marked variability

in normal concentrations of IgG subclasses.

*Most commercial laboratories do not have
age-appropriate normal ranges for the
specific method being used.

ally less than half those in adults until 4 to 5 years of
age and do not reach adult levels until adolescence.
One of the earliest observations made about the
different subclasses had to do with their content of
antibodies of certain specificities. Thus, anti-protein
antibodies (such as those to tetanus toxoid) were
found in high concentration in the 19G, and 1gG,
subclasses, while conversely anti-polysaccharide (PS)
antibodies were found in highest concentration in the
19G, subclass. This predominance of particular anti-
body types within certain subclasses has particular
relevance for the neonate, who does not receive as
much 19G, as 19G;, and for the normal human infant

who does not readily make anti-polysaccharide anti-
bodies until after the age of 2 years. However, soon
after that young children begin to compensate for

_their lower 19G, levels by making anti-polysaccharide

antibodies of the 1gG; subclass to a much greater
extent than do adults.

IgG Subclass Measurement

Because all but 5% to 10% of the amino acid
sequences of the constant regions of the four 1gG
subclasses are identical, it was difficult to develop
truly specific antisera for 1gG subclass immunoassays.
This impeded the development of sensitive, specific
and reproducible assays and accounted for large dis-
crepancies in results of 1gG subclass determinations
among different laboratories. The development of
monoclonal antibodies allowed the development of
much more specific and reliable assays, but there are
still quality control problems when different methods
are used (Table 2). Thus, these measurement prob-
lems (that continue to exist) result in numerous
errors in diagnosis and are but one of several reasons
that a decision to treat a patient with an ‘lgG subclass
deficiency’ with IVIG is ill-founded.

IgG Subclass Deficiency
Beginning in the early 1970's, a number of
patients were reported to have deficiencies of one or
more subclasses of 1gG, despite normal total serum

lgG concentrations. Others were reported to have
G subclass ‘imbalances’; however, it is likely that
many of those actually had common variable
immunodeficiency (CVID). Most patients with
absent or very low concentrations of 1gG, have been
patients with selective IgA deficiency, and it was
thought that that could account for why some
patients with IgA deficiency have recurrent infec-
tions and others do not. 19G, deficiency would be
suspected if such patients had repeated problems
with encapsulated bacterial pathogens, since the
predominant anti-polysaccharide antibody response
is in the 1gG, class. However, upon further study it
was learned that not all IgA deficient patients who
have recurrent infections have 1gG, deficiency and,
further, that some of these patients had defective
anti-polysaccharide antibody responses despite nor-
mal levels of 1gG,. Similarly, patients with the
Wiskott-Aldrich syndrome, who have a profound
anti-polysaccharide antibody deficiency, have nor-
mal levels of 1gG,. Marked deficiencies of anti-poly-
saccharide antibodies have also been noted in other
non-Wiskott-Aldrich children and adults with
recurrent infections who had normal concentra-
tions of 1gG,, as well as normal concentrations of all

of the other immunoglobulin isotypes (Table 3).
Deficiencies of IgG, or of one or more of the
other IgG subclasses have been reported in various

__populations of patients with recurrent respiratory

infections, usually with very little assessment of the
antibody-forming capacities of those patients.
However, it is difficult to know the biologic signifi-
cance of the multiple moderate deficiencies of 1gG
subclasses that were reported, particularly when a
few completely asymptomatic individuals have heen

Table 3:
1aG,_Subclass Deficiency Does
Not Always Correlate with
Antibody Deficiency

*Patients with the Wiskott-Aldrich syndrome,
who have a profound anti-polysaccharide
antibody deficiency, have normal levels of
19G,. (Nahm MH et al. J Immunol 1986;
137:3484.)

* Marked deficiencies in anti-polysaccharide
antibodies have been noted in some child-
ren and adults (non-Wiskott-Aldrich) with
recurrent infections despite the presence of
normal levels of 1gG, and all other immuno-
globulin isotypes. (Ambrosino DM et al.

J Allerg Clin Immunol 1988; 81: 1175.)

* Asymptomatic individuals have been report-
ed who totally lacked 19G, 19G,, 19G,, and/
or IgA1 owing to immunoglobulin heavy
chain deletions. (LeFranc MP Immunol Rev
1991; 2:265.)

*Healthy children have been described with
low levels of 1gG, but normal antibody
responses to polysaccharide antigens after
immunization. (Shackelford PG et al.
Pediatr Res 1990; 27:16.)

described who totally lacked 19G,, 19G,, 1gG,, and/or
IgA; owing to immunoglobulin heavy chain gene
deletions. Moreover, a number of healthy children
have been described who had low levels of 1gG, but
normal responses to polysaccharide antigens when
immunized. When children with low 19G, subclass
levels and histories of frequent infections were studied
in depth, they were found to have broader and varied
patterns of immunologic dysfunction, including poor
responses to protein as well as polysaccharide anti-
gens, suggesting that they may have been in the
process of evolving into common variable immunod-
eficiency.

19G, subclass deficiency may occur as an isolat-



ed finding in asymptomatic persons who are
homozygous for the G3m(g) or G3m(b) allotypes. In
symptomatic individuals, 1gG, deficiency has usually

of other 1gG subclasses. One exception was in a
group of 30 patients with CT proven chronic sinusi-
tis. However, 1gG levels normalized with time in most
of those patients after intensive antibiotic (not IVIG)
therapy of their sinusitis, suggesting that the 1gG,
‘deficiency’ was a secondary phenomenon due to
consumption of antibodies in this subclass, which has
the shortest half-life and the greatest susceptibility to
degradation (Table4).

The role of selective 1gG, deficiency in infection-
susceptibility is unknown, since it occurs in many
apparently normal individuals. Undectable serum
levels of 19G, have been reported in up to 15% of
healthy children and up to 10% of healthy adults.

Other causes of IgG subclass deficiency include
1) use of systemic corticosteriods and 2) gastroin-
testinal and renal protein-losing states. However, in
both the steroid-induced and protein-loss types of
G subclass deficiency, production of antibodies to
protein and polysaccharide antigens is normal.

Approaches to Evaluation

Once an ‘IgG subclass deficiency” has been identified
in a patient, it becomes exceedingly important to
ascertain the hiologic significance of the finding.
Assessing the patient’s capacities to respond to both
protein and polysaccharide antigens is of crucial
importance. In the case of responsiveness to protein
antigens, obtaining serum before and two weeks after
a DPT or a DT immunization will permit determina-
tion not only of the titers of tetanus and diphtheria
antibodies but also of the magnitude of the response
after the booster. Unfortunately, it is often difficult to
interpret the results reported from commercial labo-
ratories, which usually report a level as ‘protective’
but often do not give any information as to what
would be expected two weeks after a booster immu-

Table 4:

Clinical Relevance of 1gG3
Subclass Directory

*In symptomatic individuals, IgG3 subclass
deficiency usually occurs in association with
deficiencies of ather 1gG subclasses.

* Isolated IgG3 deficiency may be a secondary
phenomenon due to consumption of anti-
hodies, since 1gG3 antibodies have the great-
est susceptibility to proteolytic degradation.

nization. (Table 5)
Evaluating the patient’s capacity to respond to
polysaccharide antigens is somewhat more problem-

useful in this regard; however, they would not be
expected to induce an antibody response even in nor-
mal infants in the first two years of life. 19G subclass
measurement is also frought with other problems in
that age-group, where marked variability in the nor-
mal concentrations for these proteins is seen, and
most commercial laboratories do not have their own
age-appropriate normal ranges. Thus, obtaining G
suhclass determinations in the first two years of life is
not a very cost-effective means of assessing immune
function.

After the age of 2-3 years, pneumococcal vac-
cine immunization can provide reliable information
about the patient’s immunocompetence. Certain of
the serotypes are more immunogenic than others,

Table 5:
Evaluation of Patients with

IgG Subclass Deficiency

* Assess abilities to produce antibodies to hoth
protein and polysaccharide antigens.

*Protein antigens: tetanus and diphtheria
most useful. Obtain serum before and two
weeks after booster.

*Polysaccharide antigens: pneumococcal
antibody titers before and three weeks after
polyvalent vaccine. (Not generally useful in
children during the first two years of life.)

*Care should be taken not to conclude that
commercial laboratories’ reporting of ‘pro-
tective’ levels equates with a significant rise
after immunization. It is most helpful to
have paired pre- and post-immunization
samples sent to same laboratory for
quantitative measurement of antibody.

particularly Type 3 polysaccharide, which appears to
be immunogenic even in young children who are
unable to respond to the other serotypes.
Nevertheless, even if the patient responds to only that
one serotype with more than a 2-fold rise in titer or
quantity, that is indicative of the capacity to produce
anti-polysaccharide antibodies. Previous to the devel-
opment of the conjugated Hemophilus influenzae
type b (HIB ) vaccine, the HIB polysaccharide vaccine
was also useful in the assessment of anti-polysaccha-
ride antibody responses. However, response to the
conjugated HIB vaccine is still useful in assessing
overall immunocompetence, because a failure to

3

respond to it signifies an inability to respond to the
protein carrier and indicates a potentially serious
abnormality of B cell function.

Management of igG~~ ~

Subclass Deficiency

Patients with 1gG, deficiency who have been
clearly demonstrated to have impaired abilities to
produce anti-polysaccharide antibodies (but normal

Table 6:

Management of 19G
Subclass Deficiency

* Based on results of antibody studies.

*1gG, deficient patients unable to make anti-
polysaccharide antibodies, but capable of
producing anti-protein antibodies, should
be immunized with all available poly-
saccharide-conjugate vaccines.

*Titers should be monitored post-immuni-
zation, and patients should be maintained
on antibiotic prophylaxis until they are
protective.

* |VIG should be reserved for those with broad

deficiencies of antibodies to both protein
and polysacharide antigens.

responses to protein antigens) should be immunized
with polysaccharide-protein conjugate vaccines. In
addition to the ones available for Hib, pneumococcal
and meningococcal conjugate vaccines will soon be
available. Titers should be monitored after immu-
nization, because two or three doses may be required
to elicit a protective amount of antibody, and some
such patients may not respond even then. These
patients should be maintained on prophylactic
antibiotic coverage for encapsulated organisms until
they have been demonstrated to have a protective
level of antibody. (Table 6)

Administration of IVIG should be reserved for
those patients who have been clearly demonstrated to
have impaired responses to both protein and polysac-
charide antigens with which they have been immu-
nized. Such patients should undergo a full immuno-
logic evaluation and be followed by an immunologist,
because there is a high likelihood that they are indi-
viduals with evolving CVID.

Conclusions

From these ohservations, it can be concluded
that 19G subclass measurement is not very helpful in
the general assessment of immune function. Such
assays provide no information about the patient’s
capacity to produce specific antibodies to protein,
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polysaccharide, or viral antigens. Moreover, there is
considerable variability in values reported for the dif-
ferent subclasses when aliquots of the same serum
sample are tested in different commercial laborato-

ries. Thus, when ‘abnormalities’ are detected, one is

and 23F, which have very low immunogenicity even
in healthy children. Finally, IVIG should not be given
to ‘lgG subclass deficient’ patients unless they are

still left with the more relevant question, i.e. “what is
the capacity of the patient to make specific antibodies
to protein and polysaccharide antigens?". Care should
__he taken not to overinterpret ‘low’ levels of antibodies_

to pneumococcal polysaccharide serotypes 6A, 9N, 14

array of protein and polysaccharice antigens.

Suggested Reading

1. Shackelford, Penelope G.: 1gG subclasses: Importance in pediatric practice. Pediatr. Rev 14, 291-296, 1993,

2. Lefranc MP Hammarstrom L, Smith CIE, et al: Gene deletions in the human immunoglobulin heavy chain constant region locus; molecular
and immunological analysis. Immunol Rev 1991; 2: 265.

3. WHO Scientific Group: Primary immunodeficiency diseases: report of a WHO scientific group. Clin Exp Immunol 1995; 99: 1.
4. Armenaka M, Grizzanti DO, Rosenstreich DL: Serum immunoglobulins and 1gG subclass levels in adults with chronic sinusitis. Ann Allergy

1994; 72: 507.

5. Avanzini MA, Bjorkander J, Soderstrom R, Soderstrom T, Schneerson R, Robbins JB, Hanson LA: Qualitative and quantitative analyses of the
antibody response elicited by Haemophilus influenzae type b capsular polysaccharide-tetanus toxoid conjugates in adults with 1gG subclass
deficiencies and frequent infections. Clin Exp Immunol 1994:96: 54,

to receive your FREE subscription to Clinical Focus on Primary Immune Deficiencies, send your mailing address with your request to:

~

Y =) Immune
L)) () )
DJ Deficiency
E\ Foundation

A\

25 West Chesapeake Avenue
Suite 206
Towson, Maryland 21204

—

Immune Deficiency Foundation
25 West Chesapeake Avenue
Suite 206

Towson, Maryland 21204

known to have a deficiency of antibodies toa broad . . .

NONPROFIT ORG
U. S. POSTAGE
PAID
ELLICOTT CITY, MD
PERMIT NO. 70




