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Summaw old. 36 children 24-35 months old, 52 children 36-47 months old, 

The range, mean, and normal bounds of serum IgG 1-4 subclass 
concentrations in children 0-16 years old are given. LRvels in- 
crease with age, plateauing at different ages. 

Definition of the normal range will permit better identification 
of individuals with either low or high levels. 

Speculation 

These studies, by defining the range of *I, S Z ,  yC3, and $4 
levels in normal individuab, will help further define who is hypo- 
gammaglobulinernic, 

A considerable body of knowledge has been accumulated re- 
garding the structure, genetics, and biology of the subclasses of 
human IgG (2, 4, 5, 8). In addition, through the increasing 
availability of antisera, levels of these proteins are W i g  measured 
in patients with various disorders ( 2 , 4 ,  5, 8). Of particular interest 
has been the detection of individuals with isolated or multiple 
deficiencies of these subclasses (2, 3, 7, 9). Deficiency in most of 
these studies has been defined in terms of the normal adult ranges 
[or these proteins, but few normal children have been studied. To 
facilitate the recognition of IgG subclass deficiencies in children, 
we have determined the range of IgG subclass protein levels in 
normal children of different ages. 

MATERIALS A N D  METHODS 

Monospecific antisera to the four IgG subclasses were developed 
in this laboratory as follows. Rabbits and monkeys were made 
tolerant to three IgG subclasses and then immunized with isolated 
myeloma proteins of the other IgG subclass. Antisera were tested 
by immunoelectrophoresis vs. normal sera to make sure that they 
only reacted with immunoglobulins. Antisera were tested by radial 
immunodiffusion against myeloma proteins of IgA, IgM, IgD, 
IgE, and a11 four IgG subclasses. Anlisera were absorbed as 
necessary until specific by radial immunodiffusion. 

Levels of the four IgG subclasses in serum were determined by 
radial immunodiffusion using these monospecific antisera. Six 
myeloma proteins of each subclass, of both K and h types sewed 
as standards. World Health Organization reference serum 67/95 
gave values oC: IgG I ,  7.1 mg/ml; IgG2,2.1 mg/ml; IgG3,0.7 mg/ 
ml; and IgG4, 0.56 mg/ml. 

Geometric means of immunoglobulin concentrations for each 
age group were calculated from the logarithm of the values (I). 
The normal bounds of each subclass for each age group was 
calculated by taking the logarithm of each value, and calculating 
the mean * twice the SD of the logarithms and then taking the 
antilogs of the results (1). 

RESULTS 

Sera from 281 children 6-191 months old were analyzed, in- 
cluding 22 children 6-1 1 months old, 42 children 12-23 months 

3 1 children 48-7 1 months old, 24 children 72-95 months old, 2 1 
children 96- 1 19 months old, 33 children 120- 155 months old, and 
19 children 156- 191 months old. 

The results of IgG subclass determinations on individual sera 
are depicted in Figure 1, in addition ro the geometric means 
thereof. The geometric mean and the normal bounds are given in 
Table I .  Mean IgG l levels gradually increase with age, reaching 
adult plateau at about 96-120 months of age. There is a consid- 
erablhrange for each age group, but levels below 2 rng/ml can be 
considered to be subnormal. Mean IgG2 levels also increase with 
age, reaching adult levels at about 192 months of age. There is 
also a considerable spread of normal values in each age range; the 
lowest kvel seen was 0.24 mg/ml. Mean IgG3 levels did not vary 
much with age, being about 0.3 mg/ml at about 6 months and 
about 0.5 mg/ml at adulthood. The range on the other hand 
[ended to besmaller in children of a age as compared to. 
adolescents. The lowest level seen was 0.08 rng/ml. Mean IgG4 
levels increased with age, reaching the adult plateau at about 9 6  
120 months. The range of values tended to be smaIl for the first 
18 months, subsequently it increased and was considerable. Un- 
detectable levels, i.e., less than about 0.04 mg/ml, were seen in 10 
sera in children from early childhood through adolescence. 

IgG subclass proteins can be detected as early as L I weeks in 
the fetus (6). By about 33 weeks, levels in the f e w  are very similar 
to those in the mother (3). However, at gestation, levels of IgG I 
tend to be somewhat higher in the mother than in the newborn, 
while leveIs of lgG2, IgG3, and IgG4 are rather similar (3, 6). 
Levels then fall in the newborn, with IgG3 levels reaching their 
nadir at about I month, IgG I and IgG2 at 3 months, and IgG4 at 
about 4 months. Yount el al. (9) examined the sera of 10 infants 
3-9 months old and the sera of 6 normal children I Yi-5 years old 
in his study of hypogammaglobulinemia. Morel1 era!. (3) analyzed 
95 sera from children (cIinicaI status not stated) between 0 and 2 
years old. They stated that at 2 years of age, mean IgG 1 and lgG3 
levels were not far from adult values, whereas mean IgG2 and 
IgG4 levels were only one-half of adult values. Our present 
observations are similar, except that we found that mean IgG l 
levels did not get to adult levels until about 8-10 years of age. 
Analysis of means fails to appreciate the range of values of the 
different subclasses at different ages. Although there seems to be 
a fairly direct correlation between increasing age and levels of 
IgG 1, IgG2, and IgG4 this did not appear to be the case for IgG3. 
Whether the restrict4 range of IgG3 represents lack of a response 
to limited antigen exposure, or simply the lack of IgG3 response 
is not clear. 

Another facet of these data concerns the definition of h y p -  
gammaglobulinernia. The levels in miIligrams per milliliter (or 
equivalent) at which this is defmed varies somewhat with age. As 
far as levels of the IgG subclasses are concerned, the lower limit 
of the normal range did not vary much with age being approxi- 
mately 2 rng/ml for IgG I, 0.24 mg/ml for IgG2, 0.3 mg/rnl for 
IgG3, and 0.04 mg/ml for IgG4. 
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Fig. 1. The strum concentration of each IgG subclass in individual sera is depicted for children of differen1 ages. The line represents a smoothed out 
curve through the geometric means at each age. 

Table I .  Serum immuno~lobuIin levels ( r n ~ / r n l ) ~  

Age (yr) No. of subjects [gG IgG I 1gG 2 lgG3 IgG4 
& I  22 4.2 3.4 0.59 0.39 0.19 - 

(2 .M.9)  (1.94.2) [0.%1.4) (0.09-0.62) (0.06-0.13) 
1-2 42 4.7 4.1 0.68 0.34 0.13 

(2.7-8. i )  (2.3-7.1) (0.>1.7) (0.1 1-0.98) (0.04-0.43) 
2-3 36 5.4 4.8 0.98 0.28 0.18 

(3.s9.8) (2.s8.3) (0.4-2.4) (0.06- 1.3) (0.03- t .2) 
3-4 52 6.0 5.3 1.2 0.30 0.32 

(4.&9. I) (3.5-7.9) (0.5-2.6) (0.094.98) (0 .05 1.8) 
4 6  3 1 6.6 5.4 1.4 0.39 0.39 

( 4 . 4  10.0) (3.6-8. I) (0.&3. I )  (0.09- 1.6) (0.09- 1.6) 
6-8 24 8.9 5.6 1.5 0.48 0.81 

(5.6-14) (2.11 1.2) (0.3-6.3) (0.4-2.5) (0. I 1-6.2) 
8-10 21 10.0 6.9 2.1 0.85 0.42 

(5.3- 19) (2.8-17.4) (0.8-5.5) (0.22-3.2) (0.1-1.7) 
10-13 33 9.1 5.9 2.4 0.58 0.6 

(5.&16.6) (2.7-12.9) (1.1-5.5) (0.13-2.5) (0.07-5.3) 
13-16 19 9.1 5.4 2.1 0.58 0.6 

(5.8- 14.5) (2.P-10.2) (0.67.9) (0.142.4) (0.1 1-3.3) 

' Geometric means are presented for each Ig at every age. The norma! bounds. given in parentheses, are obtain4 by taking the mean logarithm k 
twice the SD of the logarithms and then taking the antilogs of the results. 
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