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Serum levels of immunoglobulins G, A and M were determined by 
nephelometry in 414 infants and children aged 1 month to 14 years. The 
children were admitted to “Aghia Sophia” Teaching Hospital for Children 
for surgical corrections of minor anatomical abnormalities, but they were 
otherwise healthy. Statistical analysis was performed through multiple 
regression after logarithmic transformation of the immunoglobulin values. 
Immunoglobulin G (IgG) levels increased significantly by 18% per year 
until the age of 5 years and by 2% per year thereafter. Among children 
less than 5 years old, IgG levels tended to increase significantly with the 
number of doses of either DTP or Sabin vaccine. Immunoglobulin A 
(IgA) levels increased significantly by 27% until the age of 7 years and 
by 4% thereafter. Among children less than 7 years old, history of breast 
feeding was significantly associated with higher levels of IgA. Vaccina- 
tion with either DTP or Sabin was associated with elevation of IgA levels 
among younger and, to a lesser extent, older children, but the elevations 
did not reach statistical significance. Immunoglobulin M (IgM) levels 
increased rapidly during the first 12 months of life and very slowly there- 
after and they were significantly higher among girls. Among children less 
than one year old, there was evidence that vaccination with either DTP or 
Sabin was associated with elevated IgM levels, although the differences 
were not statistically significant possibly because of small numbers of 
infants in the study sample. The results of the present study demonstrate 
the age- and sex-dependent changes of immunoglobulins G, A and M, 
they indicate that vaccination is associated with higher immunoglobulin 
levels among younger children, and suggest that breast feeding may in- 
crease IgA levels among children less than 7 years old. 

Serum levels of immunoglobulins G, A and M (IgG, 
IgA, IgM) depend on a variety of genetic, devel- 
opmental and environmental factors such as ethnic 
background, sex, age and history of infections (1- 
11). Age is especially important in the interpretation 
of immunoglobulin levels. Normal infants are born 
with very low levels of self-generated serum immu- 
noglobulins; the entire IgG portion of cord serum 
has been transferred transplacentally from the 
mother. If an infection occurs in utero, cord IgM and 
IgA levels are elevated. After birth, maternal IgG 
decays and the levels of serum IgG are gradually 
decreasing: this tend is reversed with the onset of 
autologous IgG synthesis (12). Adult IgG, IgA and 
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IgM levels are reached at different ages in different 
population groups, but usually before late adoles- 
cence. Immunoglobulin levels are clinically useful 
in the diagnosis of patients with unusual susceptibil- 
ity to infections, as well as with allergic or autoim- 
mune diseases (4, 9, 10). We have studied serum 
IgG, IgA and IgM levels in Greek children who did 
not suffer from diseases or conditions that are be- 
lieved to affect immunoglobulin status. The purpose 
of the study was to determine the age dependent 
patterns of immunoglobulin increase in the Greek 
paediatric population and to explore whether socio- 
demographic variables, vaccination status and his- 
tory of breast feeding affect these patterns. 

24 



Immunoglobulins in healthy children 

Table 1. Distribution of the 414 children by study variables. 

Variable Category Number Percent 
or unit (%) 

Age -5 months 20 4.8 

3- 4 years 86 20.8 

9-10 years 46 11.1 
11-12 years 35 8.5 

Sex male 362 87.4 

-3 months 183 47.8 

6-11 months 16 3.9 
1- 2 years 89 21.5 

5- 6years 63 15.2 
7- 8 years 48 11.6 

13t 11 2.6 

female 52 12.6 

Breast feeding” none 121 31.6 

4-6 months 51 13.3 
>6 months 28 7.3 

History of previous 
infections positive 128 30.9 

negative 286 69.1 

DTP vaccine* -3 doses 196 50.4 
4 t  doses 193 49.6 

Sabin vaccine* -3 doses 173 44.5 
4t doses 216 55.5 

* There were missing values for breast-feeding (311, DTP (25) and Sabin 
vaccine (25). 

Material and method 
Study population 
Four hundred and fourteen infants and children (362 
boys and 52 girls) aged 1 month to 14 years, consec- 
utively admitted at the First and Second Surgical 
Departments in “Aghia Sophia” Teaching Hospital 
for Children for minor surgical operations from Jan- 
uary to December 1992 were included in this study. 
All children were free from infection at the time of 
enrollment. More specifically 32% were admitted 
for inguinal hernia, 19% for cryptorchidism, 15% 
for phimosis, 13% for hydrocele, 9% for hypospa- 

dias, 5% for umbilical hernia and varicocele and 7% 
for other anatomical abnormalities. A standardized 
interview was conducted by one of us (ML) with the 
parents of each child and informed consent was 
obtained. The questionnaire covered sociodemo- 
graphic and medical history variables, namely age, 
sex, birth weight, breast feeding history, paternal 
occupation, previous health history and vaccination 
status with regard to DTP and Sabin vaccines. At the 
time of blood drawing for the determination of im- 
munoglobulins, none of the children was taking any 
medications which could affect immune homeosta- 
sis and they were all free from infection. Individuals 
were divided into nine age groups: 1 to 5 months, 6 
to 11 months, I to 2 years, 3 to 4 years, 5 to 6 years, 
7 to 8 years, 9 to 10 years, I 1  to 12 years, and 13 to 
14 years. 

In order to determine the serum levels of immu- 
noglobulins, blood samples were centrifuged and the 
sera obtained were stored at -70°C. Serum immu- 
noglobulin concentrations were quantified by neph- 
elometry . Subjects‘ sera were diluted with isotonic 
saline 1 :400 for IgG and 1 :5 for IgA and IgM. A 
Behring nephelometer was used (Behringwerke AG, 
Marburg, Germany). Data were expressed in g-Yl. 

Statistical methods 
The statistical analysis was undertaken after log- 
transformation of individual immunoglobulin val- 
ues, because the frequency distribution of these val- 
ues was positively skewed. The log-transformed val- 
ues were then used in turn as dependent variables in 
multiple regression models with age, gender, birth 
weight, breast feeding, paternal occupation (manual, 
non-manual), previous health status (no health prob- 
lems, history of frequent infections) as independent 
(predictor) variables simultaneously introduced, 
whereas vaccination status variables (number of 
doses) with respect to DTP and Sabin vaccines were 
alternatively introduced to avoid collinearity prob- 

Table 2. Geometric means and normal range (AD)* of IgG, IgA and IgM (in g-2/l) by age in children 

N IgG IgA IgM 

Geometric Normal Geometric Normal Geometric Normal 
mean range mean range mean range 

1 to 5 months 
6 to 11 months 
1 to 2 years 
3 to 4years 
5 to 6years 
7 to 8 yeras 
9 to 10 years 

11 to 12 years 
13 to 14 years 

20 
16 

86 
63 

46 
35 
11 

89 

48 

490 
603 
912 

1072 
1202 
1175 
1349 
1349 
1380 

224-1072 
316-1148 

708-1622 

81 2-1 698 

977-1862 

575-1446 

759- 1905 

89 1-2042 

955-1995 

22 
30 
54 

107 
117 
132 
151 
135 

89 

6- 81 
13- 69 
23-123 
32-245 
34-339 
65-2 1 4 
52-331 
69-33 1 
85-214 

65 

126 
132 

141 
132 
151 
155 

98 

138 

31-135 
47-204 
63-251 
69-251 
65-282 
62-324 
63-275 
76-302 
65-372 

~ 

* after log-transformation and, eventually, inversion. 
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Table 3. Multiple regression-derived proportional changes of IgG, IgA and IgM levels among the respective younger age groups by indicated changes in a 
series of predictor variables 

Age group 

Predictor Average IgG P-value Average IgA P-value Average IgM P-value 
Variable change (%) change (%) change !%I 

Less than 5 years old Less than 7 years old Less than I year old 

- 

Age 
one year 

boys 
girls 

Breast feeding 
3 months 

Sex 
118 40-4 

baseline 
t9 0.10 

t3 0.23 
History of frequent infections 

negative baseline 
positive t4 0.31 

one dose t5 0.005 

one dose t4 0.01 

DTP vaccine* 

Sabin vaccine* 

* a!ternative!y introduced, to avoid collinearity problems. 

lems (1 3 ,  14). The immunization schedule for chil- 
dren in Greece traditionally follows the recommen- 
dations of the American Academy of Pediatrics, 
namely 3 doses of DTP and Sabin vaccines during 
the first year of life, a first booster at 18 months and 
a second at the preschool age (15). 

Results 

Table 1 shows the frequency distribution of 414 
subjects by the predictor variables. 

Immunoglobulin G 

Table 2 presents, for nine consecutive age groups, 
the respective number of subjects, the geometric 
mean and the log-normal range of IgG (as well as of 
IgA and IgM). The geometric mean is the antilogy of 
the arithmetic mean of the log-transformed value 
and is, usually, very close to the median value. The 
normal range is derived by taking antilogs of the 
values determined by the formula: mean log values 
k 2 standard deviations of the log values. Since 
there is random variation on account of biological 
variability, as well as laboratory variability, the age 
specific normal range should only be used as a crude 
yardstick. For IgG, visual inspection of the age- 
dependent changes in semi-log diagrammatic repre- 
sentation indicates that the age pattern of the log- 
transformed values can be reasonably described with 
two straight lines: one from 1 month to less than 5 
years old and another from 5 to 14 years old. 

A separate regression model was applied for each 
of these two age intervals with log-transformed val- 

t27 4 0 - 4  t58 0.08 

baseline baseline 
t3 0.74 t21 0.26 

t12 0.002 t11 0.30 

baseline baseline 
t1 0.84 -12 0.51 

t4 0.09 +I5 0.06 

t3 0.22 tll 0.09 

ues of IgG as dependent variables and a series of 
biologically plausible factors as independent (pre- 
dictor) variables. The predictor factors were intro- 
duced continuously (age in years; and birth weight 
in 1000 gr), as ordered variables (DTP and Sabin 
vaccines, 0, 1, 2, 3 ,  4, 5 doses; and exclusively 
breast feeding, in intervals approximately equal to 3 
months) or as categorical contrasts (sex; previous 
health status, fewer vs. more than 5 febrile episodes 
during the past year: and paternal occupation, 
manual vs. non-manual). 

Tables 3 and 4 show the multiple regression de- 
rived proportional (percent) changes of IgG levels 
(as well as of IgA and IgM levels) among infants 
and children by indicated changes in a series of 
predictor variables. Since the values of the depend- 
ent variable were log-transformed the regression 
coefficients and the 95% confidence intervals repre- 
sent proportional changes vs. the baseline value (in 
categorical contrasts) or per unit change (in quantita- 
tive or ordinal variables). 

It can be seen (Table 3 )  that IgG levels increase by 
an average of 18% per year among children less than 
5 year old and the increase is statistically highly 
significant. Girls appear to have 9% higher levels of 
IgG, although the difference is only marginally sig- 
nificant. There are also suggestions that do not reach 
statistical significance that birth weight (data not 
shown) and breast feeding are positively associated 
with IgG levels. Vaccination with DTP or Sabin is 
associated with 5 %  or 4% increase of IgG levels 
respectively, per dose, and past history of frequent 
infections with 4% increase, although the latter con- 
trast is not statistically significant. In this study low 
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Table 4. Multiple regression-derived proportional (percent) changes of IgA and IgM levels among the respective older age group by indicated changes in a 
series of predictor variables 
~~ ~ 

Age group 5-1 4 years old 7-14 years old 1-14 years old 

Predictor Average IgG P-value Average IgA P-value Average IgM P-value 
Variable change (Yo) change (%I change (%) 

~ 

Age 

Sex 

one year 

boys 
girls 

Breast feeeding 
3 months 

History of frequent infections 
negative 
positive 

DTP vaccine* 
one dose 

Sabin vaccine* 
one dose 

12 0.007 

baseline 
-4 0.41 

t 2  0.21 

baseline 
t l  0.67 

t o  0.77 

-0 0.76 

t 4  0.01 

baseline 
-8 0.47 

t 2  0.62 

baseline 
t 3  0.66 

t 4  0.07 

t 2  0.34 

t 2  0.003 

baseline 
t15 0.02 

t3 0.25 

baseline 
-2 0.60 

t l  0.73 

-1 0.58 

* alternatively introduced, to avoid collinearity problems 

socioeconomic class, as reflected in manual paternal 
occupation, is not associated with IgG levels among 
children less than 5 years old (data not shown). 

Concerning IgG levels among children more than 
5 years old (Table 4), it can be seen that they in- 
crease by an average of 2% per year. The increase is 
statistically significant. No other association is sta- 
tistically significant or strongly suggestive among 
older children, with respect to IgG. 

Immunoglobulin A 

Table 2 also shows, for nine consecutive age groups, 
the geometric mean and the log-normal range of 
IgA. Visual inspection of the age-dependent changes 
in semi-log diagrammatic representation indicates 
that the age pattern of the log-transformed IgA val- 
ues can be reasonably described with two straight 
lines: one from 1 month to less than 7 years and 
another from 7 to 14 years. 

Tables 3 and 4 show the multiple regression de- 
rived proportional (percent) changes of IgA levels 
among infants and children by indicated changes in 
a series of predictor variables. 

In Table 3, it can be seen that IgA levels increase 
by an average of 27% per year among children 1 
month to less than 7 years old and the increase is 
statistically highly significant. Sex and birth weight 
(data not shown) do not show statistically significant 
associations. Breast feeding is positively and statisti- 
cally significantly associated with IgA levels. Vacci- 
nation with either DTP or Sabin is also positively 
but not statistically significantly associated with IgA 
levels. Past history of frequent infections and low 

socioeconomic class (data not shown) are not signif- 
icantly associated with IgA levels among children 
less than 7 years old. 

Table 4 shows an increase of IgA levels by an 
average of 4% per year among children more than 7 
years of age and the increase is statistically signif- 
icant. No other of the studied variables is signif- 
icantly associated with IgA levels in the age group 7 
to 14 years. 

Immunoglobulin M 
Table 2 also shows, for nine consecutive age groups, 
the geometric mean and the log-normal range of 
IgM. For IgM, visual inspection of the age depend- 
ent changes in semi-log diagrammatic representation 
indicates that the age pattern of the log-transformed 
values can be reasonably described with two straight 
lines: one from 1 month to less than 1 year old and 
another from 1 to 14 years old. 

Tables 3 and 4 show the multiple regression de- 
rived proportional (percent) changes of IgM levels 
among infants and children by indicated changes in 
the studied predictor variables. 

In Table 3 there are statistically non significant 
but biologically meaningful suggestions that age and 
sex, as well as DTP and Sabin vaccinations, are 
positively associated with IgM levels in infants. His- 
tory of frequent infections, breast feeding, birth 
weight (data not shown) and socioeconomic status 
(data not shown) were not significantly associated 
with IgM levels in infants in this study. 

Table 4 shows an increase of IgM levels by an 
average of 2% per year among children more than 1 
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year old. The increase is statistically significant. Sex 
is also positively and statistically significantly asso- 
ciated with IgM levels. No other association with 
IgM levels is statistically significant or even sug- 
gestive among children 1 to 14 years old. 

Discussion 
The sample in the present study was not randomly 
chosen from any specified population, but selection 
factors related to the catchment area of the Uni- 
versity Hospital are not likely to be related to immu- 
noglobulin levels in a way that would compromise 
the validity of the results. Conditions that have ne- 
cessitated the minor surgical operations for which 
the children were treated have not been associated 
with abnormal immunoglobulin values. 

Several studies concerning the association of im- 
munoglobulin levels with age have been reported in 
the international literature but there is no agreement 
with respect to age dependent patterns (3, 5-8, 10, 
1 1 ). Part of the variability among studies may be due 
to different laboratory or statistical procedures. 
However, genuine variation may exist, reflecting 
different environmental conditions and in particular 
different exposures to infectious agents. There have 
been two previous studies in Greece (5, 6) both on 
smaller samples of children: they were undertaken 
about 20 years ago and immunodiffusion procedures 
were used to determine immunoglobulin levels. Nei- 
ther of these studies has examined factors other than 
age and sex or has utilized modern, computer-de- 
pendent statistical techniques. It seems reasonable to 
assume that the results of the present study better 
describe the age dependent patterns of immunoglo- 
bulins G, A and M in the Greek paediatric pop- 
ulation. 

In agreement with several previous studies, IgM 
levels were higher in girls than in boys (1. 3, 5-7, 
16), whereas there were no sex-related differences 
with respect to the two other immunoglobulin 
classes. Levels of all three immunoglobulin classes 
increased rapidly among younger children and 
slower thereafter, reaching asymptotically adult lev- 
els by the age of 14 years. However, the turning 
point was 5 years for IgG, 7 years for IgA and 
around 12 months of age for IgM. 

Among infants and younger children, vaccination 
with either DTP or Sabin was associated with higher 
levels of all three immunoglobulin classes, although 
the results were statistically significant only with 
respect to IgG. The vaccination dependent differ- 
ences were evident during the period of life charac- 
terized by rapid increase of the corresponding im- 
munoglobulin: up to 5 years for IgG, 7 years for IgA 
and 12 months for IgM. As expected, vaccination 
accelerates the rate of increase of immunoglobulin 

levels, but has no noticeable impact on these levels 
among older children. Substantial increases of vac- 
cine specific antibodies have been demonstrated us- 
ing highly sensitive laboratory procedures (17-1 9), 
but we have found no reports of total IgG increases 
in relation to vaccination status. 

Breast feeding was positively associated with lev- 
els of IgA among young children, whereas there was 
no association among older children or with IgG and 
IgM immunoglobulins at any age. The differential 
pattern of association may be accounted for by the 
secretory nature of IgA antibodies, by the capacity 
of infants to absorb IgA from the milk of their 
mothers (20) and by stimulation through growth 
factors in breast milk (21). Similar results have been 
reported by some (20) but not all previous investiga- 
tors (22, 23). 

The results of this study illustrate the age and sex 
dependent patterns of immunoglobulins G, A and M 
in the contemporary Greek paediatric population and 
demonstrate the biologically predictable influences 
of vaccination and breast feeding on the levels of 
these immunoglobulins. 

Acknowledgements 
This study was supported by a grant from the Central Health 
Council of the Hellenic Ministry of Health and Welfare. The 
authors wish to thank their colleagues of the First and Second 
Surgical Departments of “Aghia Sophia” Children’s Hospital 
for providing access to their patients. The technical assistance of 
V. Polaki and H. Anagnostelis is acknowledged. 

References 
1 .  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

AFOKE AO, EEG-OLOFSSON 0, HED J. KJELLMAN N-IM, 
LINDBLOM B, LUDVIGSSON J. Seasonal variation and sex 
differences of circulating macrophages, immunoglobulins 
and lymphocytes in healthy school children. Scand J Immu- 
no1 1993: 37: 209-15. 
CARLSEN K-H, MELLBYE OJ. FUGLERUD P, et al. Serum 
immunoglobulin G subclasses and serum immunoglobulin 
A in healthy Norwegian children and adults. Pediatr Allergy 
Immunol 1992: 3: 134-39. 
LAN YL, JONES BM, YEUNG CY. Biphasic rise of serum 
immunoglobulins G and A and sex influence on serum 
immunoglobulin M in normal Chinese children. J Paediatr 
Child Health 1992: 28: 240-43. 
WOOD RA, SAMPSON HA. The child with frequent in- 
fections. Current Problems in Pediatrics 1989: 19: 235-84. 
MORPHIS L, MANDALENAKI K, KATTAMIS C. MATSANIOTIS 
N. Immunoglobulin levels (IgG, IgA, IgM) in healthy 
Greeks. Iatriki 1974: 26: 310-15. 
CONSTANTOULAKIS M, TRICHOPOULOS D, AVGOUSTAKI 0, 
KARAGIORGA M. Serum levels of immunoglobulins among 
healthy Greeks. Minerva Medica Greca 1973: 1: 639-45. 
ALLANSMITH M, MCCLELLAN BH, BUTTERWORTH M, 
MALONEY JR. The development of immunoglobulin levels 
in man. J Pediatr 1968: 72: 276-90. 
BUCKLEY RH, DEES SC, O’FALLON WM. Serum immu- 
noglobulins: I. Levels in normal children and in uncompli- 
cated childhood allergy. Pediatrics 1968: 41: 600-1 1. 
BUTTERWORTH M, MCCLELLAN B. ALLANSMITH M. Influ- 
ence of sex on immunoglobulin levels. Nature 1967: 214: 
1224-25. 

28 



Immunoglobulins in healthy children 

10. STIEHM ER, FUDENBERG HH. Serum levels of immune 
globulins in health and disease: A survey. Pediatrics 1966: 

1 I .  WEST CD, HONG R, HOLLAND NH. Immunoglobulin levels 
from the newborn period to adulthood and in immunoglobu- 
lin deficiency states. J Clin Invest 1962: 41: 20.54-64. 

12. GOODMAN JW. Immunoglobulins I: Structure & Function. 
In: Stites DP. Stobo JD, Wells JV, eds. Basic & Clinical 
Immunology. USA: Appleton & Lange, 1987: 37-36. 

13. ARMITAGE P, BERRY G. Statistical methods in medical re- 
search. Oxford: Blackwell Scientific, 1988. 

14. SNEDECOR GW, COCHRAN WG. Statistical methods. Iowa: 
State University Press, 1967. 

IS. Committee on Infectious Diseases. American Academy of 
Pediatrics. Report of the committee, 22nd ed. Illinois, USA, 
1991. 

16. GKUNDBACHER FJ. Human X chromosome carries quantita- 
tive genes for immunoglobulin M. Science 1972: 176: 31 I- 
312. 

17. LAGERGARD T. TROLLFORS B, CLAESSON BA, KARLBEKG 
J, TARANGER J. Determination of neutralizing antibodies 
and specific immunoglobulin isotope levels in infants after 
vaccination against diphtheria. Eur J Clin Microbiol Infect 
Dis 1992: 11 : 342-5. 

37: 71.5-27. 

18. BOGGER-GOREN S, BABA K, HURLEY P, YABUNCH~ H, 
TAKAHASHI M, OGRA PL. Antibody response to varicella- 
zoster virus after natural or vaccine induced infection. J 
Infect Dis 1982: 146: 260-65. 

19. RLINSKANEN 0, VILJANEN MK, SALMI TT, LEHTONEN OP, 
KOUVALAINEN K, PELTONEN T. DTP and DTP-inactivated 
polio vaccines: comparison of adverse reactions and IgG, 
IgM and IgA antibody responses to DTP. Acta Paediatr 
Scand 1980: 69: 177-82. 

20. SALIVATHI E, JAERVENPAEAE AL, RAEIHAE NC. Serum 
immunoglobulins in preterm infants: comparison of human 
milk and formula feeding. Pediatrics 1983: 72: 312-16. 

21. STEPHENS S. Development of secretory immunity in breast- 
fed and bottle-fed infants. Arch Dis Child 1986: 61: 
263-69. 

22. SALIVATHI E, SALMENPEKAE L. TAINIO VM, HALME H. 
PEKHENTUPA J, SIIMES MA. Prolonged exclusive breast- 
feeding results in low serum concentrations of immunoglo- 
bulin G. A & M. Act Paediatr Scand 1987: 76: 1-6. 

23. SAARINEN UM, PELKON~N P, SIIMES MA. Serum immu- 
noglobulin A in healthy infants: an accelerated postnatal 
increase in formula-fed compared to breast-fed infants. J 
Pediatr 1979: 9.5: 410-412. 

29 


