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Defective or immature antibody responses to pathogens in
children may explain the increased susceptibility to acute otitis
media (AOM) in otitis-prone children. In literature, data on
immunology have been based on studies of small groups of
severely otitis-prone children and have not been consistent.
Humoral immune status was assessed in 365 children, 1–7 years
old, with two or more documented episodes of AOM in the
previous year. Children with 4 or more episodes in the preceding
year were defined as otitis-prone. Serum immunoglobulin levels
were determined by radial immunodiffusion. Immunoglobulin
levels of otitis-prone children were compared with those of
children who had experienced 2-3 AOM episodes per year.
Children with recurrent episodes of AOM were found to have
normal or increased serum IgA, IgM, IgG, and IgG1 levels

compared with normal values for age, whereas the serum IgG2
levels were mostly in the lower normal range. Twenty-two
percent of all children showed IgG2 levels lower than 2 SD
below the age-specific mean. Interestingly, the otitis-prone group
of children showed significantly lower median and mean levels
for all immunoglobulins compared with those children with only
2-3 previous AOM episodes. Lower immunoglobulin levels in
otitis-prone children suggest a generalized decreased antibody
response in otitis-prone children. (Pediatr Res 55: 159–162,
2004)

Abbreviations
AOM, acute otitis media
NTHI, nontypeable Haemophilus influenzae

Based on the clinical observation that some children expe-
rience recurrent episodes of acute otitis media (AOM), the term
“otitis-prone” was introduced by Howie (1). In general, the
otitis-prone condition is defined as three or more episodes of
AOM in 6 mo or four or more episodes in 12 mo; up to 5% of
all children comply with this definition (2, 3).

With respect to immunoglobulin serum levels, both normal
as well as stimulated serum IgA, IgM, IgG, and IgG1 levels
have been reported in otitis-prone children aged 2 mo or older
(4, 5). Freijd et al. and Sørensen et al. reported lower levels of
IgG2 in children with recurrent AOM compared with age-
matched controls (5, 6), but others did not confirm these
observations (4, 7).

With respect to antibody activity against the two main
bacterial pathogens in AOM Streptococcus pneumoniae and
nontypeable Haemophilus influenzae (NTHI), subnormal or

absent antibody responses have been reported in otitis-prone
children (8–11), as well as decreased antibody responses upon
immunization with Hib conjugate and rubella vaccine (12, 13).

These findings may suggest decreased antibody responses
upon both T cell-dependent as well as T cell independent
antigens in otitis-prone children (14). Hitherto, immunologic
evaluations have been performed only in small groups of
otitis-prone children. The need to obtain more substantial data
led us to analyze immunoglobulins in a large group of 365
children with varying susceptibility to acute otitis media.

METHODS

This study was conducted in a general hospital (Spaarne
Hospital Haarlem) and a tertiary care hospital (University
Medical Center Utrecht), the Netherlands. The Medical Ethics
Committees of both participating hospitals approved the design
of the study. A signed informed consent was obtained from the
parents or legal guardians of all children before evaluation.

From April 1998 to February 2001, 365 children aged 1–7 y
with 2 or more episodes of AOM in the previous year were
included in the study. The number of previous AOM episodes
was based both on parental report, with AOM defined as
having one or more of the following symptoms: acute earache,
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new-onset otorrhea, irritability and fever, and on clinical con-
firmation of the diagnosis AOM by a physician. Patients with
previously recognized congenital or acquired immunodeficien-
cies were excluded from the study.

Total serum immunoglobulin concentrations of IgA, IgM,
and IgG as well as IgG1 and IgG2 subclass concentrations
were determined by radial immunodiffusion (Behring Werke,
Mannheim, Germany and Central Laboratory of the Red Cross
Blood Transfusion Service, Amsterdam, The Netherlands).
Serum immunoglobulin levels within the range of 2 SD below
or above the age-specific mean were considered normal (15,
16). Total deficiency of IgA was defined as a serum level of
less than �0.05 g/L. Total deficiency of IgG2 was defined as
a serum level less than �0.02 g/L. To address the question
whether otitis-prone children are immunologically different
from children with fewer episodes of AOM, the children were
divided in two groups: 231 otitis-prone children with 4 or more
AOM episodes in the preceding year and 134 children with 2–3
AOM episodes in the preceding year.

Statistics. Differences in the number of children with low
serum immunoglobulin levels according to age (12–24 mo
versus 25–84 mo) were analyzed using �2 tests or Fisher exact
tests when appropriate. Differences between mean immuno-
globulin levels between children with 2–3 AOM and children
with 4 or more episodes were analyzed with t test for indepen-
dent samples or the Mann-Whitney U test when appropriate.
Group differences were considered statistically significant at
p � 0.05. Linear regression modeling was used to analyze the
potential effect of age differences on immunoglobulin levels.

RESULTS

Table 1 provides general characteristics for all children. The
median age of the total group of children was just above 2 y.

Serum concentrations of IgA, IgM, IgG, IgG1, and IgG2
according to age for the whole group of children are illustrated
in Fig. 1. The IgA, IgM, IgG, and IgG1 levels were generally
in the high-normal range or higher than 2 SD above the
age-specific mean. In contrast, the IgG2 levels were mostly in
the low-normal range and 22.5% of all children showed IgG2
levels lower than 2 SD below the age-specific mean. Table 2
shows the number of children with low immunoglobulin levels
(�2 SD below the age-specific mean) according to different
age groups. In children aged 12 to 24 mo significantly higher
percentages of children with low serum levels of IgA (18.3%
versus 7.1%, p � 0.001) and IgG2 (32.7% versus 15.1%, p �
0.001) were found compared with older children.

Total IgA deficiency was found in 3 children with 2–3
previous AOM episodes and 2 children with 4 or more AOM
episodes. In contrast, the nine children with absent IgG2 serum
levels all belonged to the group with 4 or more AOM episodes.
These children with total IgG2 deficiency suffered from sig-
nificantly more recurrent AOM episodes per year compared
with the whole group of children with subnormal or normal
IgG2 serum levels (8.00 and 4.97 episodes, respectively; p �
0.003).

Table 3 shows the mean total serum levels of IgA, IgM, IgG,
IgG1, and IgG2 now according to number of AOM episodes in
the previous year. Levels of serum immunoglobulins in otitis-
prone children with 4 or more AOM episodes were signifi-
cantly lower than in children with 2–3 previous AOM epi-
sodes. These differences in the serum immunoglobulin levels
were not influenced by differences in age according to linear
regression analyses.

DISCUSSION

In this large group of 365 children aged 1–7 y with recurrent
AOM episodes, in general normal or stimulated levels of IgG,
IgM, IgA, and IgG1 were found, whereas IgG2 levels proved
to be in the lower normal range or depressed compared with
normal control values. Markedly, 32.7% of the children aged
12–24 mo showed IgG2 levels lower than 2 SD below the
age-specific mean. Most probably, due to spontaneous recov-
ery of IgG2 levels this percentage was statistically significantly
lower in older children but still impressive with 15.1%, sug-
gesting a specific role for IgG2 in susceptibility to AOM. A
higher percentage of low IgA levels was only found in the
youngest group of children aged 12 to 24 mo (18.3%), at older
age this percentage nearly normalized (7.1%).

IgG2 may be important in the defense against otitis patho-
gens like S. pneumoniae. Effective host defense against S.
pneumoniae depends primarily on opsonizing antibodies
against the capsular polysaccharides. In adults, pneumococcal
anticapsular antibodies reside primarily in the IgG2 subclass.
Our finding of low IgG2 antibody levels in children with
recurrent AOM is in agreement with a previous report of
otitis-prone children at 30 mo of age, who showed lower IgG2
anti-pneumococcal antibody levels compared with healthy age-
matched children and adults. In contrast to IgG2, in the same
report the IgG1 anti-pneumococcal antibody levels in the
otitis-prone group of children were even higher than those in
adults (17). Also after vaccination with pneumococcal poly-
saccharide vaccine low to absent IgG2 anti-pneumococcal
antibody responses were observed in otitis-prone children (10).
Some in vitro data showed effective phagocytosis of pneumo-
cocci to be primarily related to IgG2 anti-pneumococcal anti-
bodies (18–20). This dependency on IgG2 antibodies may also
be reflected in the low expression of Fc�RIIaH131, the Fc
receptor for IgG2 on effector cells, in patients with recurrent
respiratory tract infections, or bacteremic pneumonia (21, 22).
Our findings support the hypothesis that clinical protection
against mucosal infections like AOM depends more on IgG2
levels, and not on IgG1. In addition to the relative IgG2
immunodeficiency found in our population, overall serum im-

Table 1. General characteristics of total patient group (n � 365)

Male sex (%) 231 (63.3)
Median age in years (minimum-maximum) 2.15 (1–6.99)
Age (%)

12–24 months 153 (41.9)
25–84 months 212 (58.1)

Median number of AOM in preceding year
(minimum-maximum)

4.0 (2–12)

No. of AOM episodes in preceding year (%)
2–3 AOM 134 (36.7)
4 or more AOM 231 (63.3)
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munoglobulin levels were lower in children with 4 or more
AOM episodes compared with children with 2–3 AOM epi-
sodes per year. It should be noted that suffering from 2–3 AOM
episodes in the first years of life is not comparable to suffering
from 2–3 episodes at the age of 4 to 7 y. These older children
with 2–3 AOM episodes per year might also be regarded as
otitis-prone. This is reflected in the fact that at the age of 2 to
4 y children with 4 or more AOM episodes show decreased
IgA, IgM, and IgG2 levels compared with children with 2–3

AOM episodes. In children aged 4 to 7 y no significant
differences in any of the immunoglobulin isotypes existed
anymore between children with 2–3 AOM episodes per year
and 4 or more (data not shown). Low serum immunoglobulin
levels may indicate decreased antibody responses despite re-
current infections. Normally, recurrent infections induce high
antibody levels due to repeated stimulation as for example in
patients with cystic fibrosis or defective granulocyte functions.
In otitis-prone children the observed humoral hyporesponsive-

Figure 1. Distribution of serum concentrations of IgA, IgM, IgG, IgG1, and IgG2 according to age for all children. Solid lines represent �2 SD of the
age-specific mean.
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ness may be one of the causes of the ongoing susceptibility to
AOM pathogens. This hypothesis is supported by the fact that,
apart from absent or low responses toward T-cell independent
pneumococcal polysaccharides antigens, diminished responses
toward protein (T cell dependent) antigens are also observed in
otitis-prone children. Hotomi at al. demonstrated that 11 of 20
otitis-prone children older than 18 mo exhibited reduced anti-
P6-IgG antibody levels to NTHI compared with healthy age
matched controls despite repeated infections with NTHI (11).
P6 is one of the six outer membrane proteins of NTHI.
Furthermore, decreased responses to T cell independent poly-
saccharide Hib vaccine, as well as polysaccharide protein Hib
conjugate vaccine were observed in children aged 22 to 158 mo
with a history of recurrent respiratory tract infections and with
normal IgG subclasses (12) Finally, 13 children with recurrent
AOM showed a significantly lower antibody response to the
viral rubella vaccine than did 29 children without AOM (13).

Immune responses to infectious agents are regulated by
immune effector and cytokine producing cells. The cytokines
IL-1, IL-6 and tumor necrosis factor-alpha (TNF-alpha) are
glycoproteins produced by different cell types when exposed to
bacteria and viruses (23). These cytokines trigger acute phase
responses and induce proliferation and differentiation of T and
B cells. One study showed children with recurrent AOM
episodes to produce significantly lower nasopharyngeal IL-1�,
IL-6 and TNF-alpha in nasopharyngeal secretions upon colo-
nization with Haemophilus influenzae than healthy children
(24). Such a local defect in cytokine production could contrib-
ute to the defective immune reactivity in otitis prone children
(25).

CONCLUSION

In conclusion, a relative high percentage of low IgG2 levels
is found in children with recurrent otitis media. In the youngest
children, many also show low IgA levels, but this disappears at
older age. Otitis prone children in general show lower total
IgM, IgA, IgG, IgG1, and IgG2 levels compared with those
with fewer episodes of AOM.
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Table 3. Serum immunoglobulin concentrations according to the
number of AOM episodes per year

2–3 AOM episodes/year
(n � 134)

�4 AOM episodes/year
(n � 231) p-Value

IgA g/L 0.71 (0.01–3.58) 0.59 (0.01–3.15) 0.03
IgM g/L 1.44 (0.05) 1.30 (0.04) 0.02
IgG g/L 9.67 (0.28) 8.80 (0.18) 0.02
IgG1 g/L 7.80 (0.26) 6.95 (0.14) 0.005
IgG2 g/L 0.99 (0.05) 0.83 (0.03) 0.005

Values are means (SEM), except for IgA for which the medians (range) are
provided due to skewed distributions. p-Values obtained from Student’s t test
or Mann Whitney U-test when appropriate. Group differences were considered
statistically significant at p � 0.05.

Table 2. Number (%) of children with serum concentrations of IgA,
IgM, IgG, IgG1, and IgG2 less than 2 SD of the age-specific mean

according to age at the time of evaluation

12–24 months
(n � 153)

25–84 months
(n � 212) p-Value

Low IgA 28 (18.3%) 15 (7.1%) 0.001*
Low IgM 9 (5.9%) 7 (3.3%) 0.24
Low IgG 5 (3.3%) 7 (3.3%) 0.99
Low IgG1 1 (0.7%) 1 (0.5%) 1.00
Low IgG2 50 (32.7%) 32 (15.1%) 0.001*

Differences in the number of children with low serum immunoglobulin
levels between both age groups were analyzed using Chi-square tests or Fisher
exact tests when appropriate.

* Group differences were considered statistically significant at p � 0.05.
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