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Increased IgM-Type Betalactoglobulin Antibodies
in Children with Recurrent Otitis Media
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Children’s Hospital, University of Helsinki, Finland

Total concentrations of IgA, IgG, IgM and IgE, precipitating antibodies to cow milk,
milk-specific IgE, as well as anti-milk antibodies and betalactoglobulin antibodies of the 1gA,
1gG and IgM classes determined by the ELISA method were studied and compared in
children with recurrent otitis media, and children who had never had otitis. The children
with recurrent otitis had a higher total IgE at 1 year of age and a higher total IgM at 3
years. The only difference in milk-specific antibodies was an increased titre of betalacto-
globulin antibodies of IgM type in children with recurrent otitis. This new finding suggests
that immunological mechanisms might play a part in recurrent otitis, which has been shown
to be more common in bottle-fed than in breast-fed infants. So far, the role of betalactog-
lobulin antibodies in the pathogenesis of otitis media remains uncertain.
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Several risk factors are known to predispose
infants and small children to recurrent otitis
media, e.g., enlarged adenoids, disturbed func-
tion of the eustachian tube (3), day nursery
care (22), and atopic disease (7, 13). Milk-
related influences have also been disclosed; re-
current otitis media has been associated with
early bottle-feeding, in contrast to prolonged
breast-feeding (4, 19, 21) which has provided
long-term protection up to 3 years of age (19).
Chronic secretory otitis in particular has
been attributed to allergy (7, 16, 23) or to a
complication of allergy (17). Secretory otitis
may sometimes be due to food allergy (23) with,
e.g., cow milk as the aetiological factor (12, 23).
Cow milk allergy in general is a disease with
involvement of multiple systems, and most pa-
tients show a strong immune reaction to cow
milk (1, 20). This reaction is mediated by either
reaginic antibodies, immune complexes, or sen-
sitized lymphocytes (1, 12, 20). Cow milk has
also been suggested to cause symptoms solely in
the respiratory tract, e.g., recurrent rhin-

orrhoea and bronchitis (9), chronic respira-
tory disease with circulating precipitins (10, 12),
bronchial asthma (14), or secretory otitis media
(12, 23).

The interesting finding that breast-feeding
protects against otitis media prompted us to
investigate the immunological background in
order to find out whether cow milk hyper-
sensitivity could be responsible for recurrent
otitis in infants and small children.

SUBJECTS AND METHODS

The subjects of this study were intitally selected
from a series of 256 infants, who were pros-
pectively followed up from birth to 3 years of
age. The dietary regimen of the infants was
exactly similar regarding solid foods during the
first year, but differed in milk feeding because
the breast-feeding periods varied. Details of the
follow-up, dietary regimens, and recording of
infections have been described elsewhere (19).
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EPISODES OF OTITIS PER CHILD

Fig. 1. Distribution of episodes of otitis media per child in the total series of children, evaluated during age intervals of 0-1 year

and 1-3 years.

Definition of recurrent otitis media

The diagnosis of otitis media was based on
otoscopic examination (19). The distribution of
episodes of otitis per child is seen in Fig. 1.
Recurrent otitis was defined as two or more
episodes from birth to 1 year, and four or more
episodes from 1 to 3 years of age.

Study groups

Only children with sufficient serum samples
available could be included in the analysis.

Group I: Children with recurrent oftitis. Group la
comprised 36 children who had had otitis twice
or more before 1 year of age. Group Ib com-
prised 31 children in whom otitis was diagnosed

four times or more between 1 and 3 years of

age. Group Ic comprised those 18 children fwho
belonged to both 1a and 1b.

Group II: Otitis-free children. The control group
consisted of the 46 children who were totally
free from otitis media throughout the follow-up
period from birth to 3 years of age.

Milk feeding in the study groups

In addition to the incidence of otitis, groups I
and II differed in the duration of breast-feed-
ing, as is shown in Table 1, and as was evident
from the previous study (19).

Table 1

Duration of breast-feeding in the study groups

26 months 2-6 months <2 months

Study group n %) o %)

Children with recurrent otitis:

Groupla 6 3 (8)3 8(22) 25 (69)2
Grouplb 31 3 (10)4 7(23) 21 (68)3
Grouplc 18 15 2(11) 15 (83)!
Otitis-free children:
Groupll 46  12(26) 14 (30) 20 (43)
1 p<0.0005
2 p<0.025 .
3 p <005 compared with group 11
4 P <010
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Table 2

Comparison between mean serum immunoglobulin concentrations in children with recurrent otitis and in those with no episodes

IgA (gl 1gG (g/l igM (g IgE} (U/ml
Study group n gA (g/h) 8G (&) gM (/) gE! (Ui
9 months 3 years 9 months 3years Y9months 3years O9months 3 years
Children with recurrent otitis:
Group la 36 0.29 7.2 0.53 12.5
Group 1b 31 0.54 9.7 0.742 16.9
Group Ic 18 0.27 0.54 6.8 9.6 0.49 0.69 14,72 224
Qtitis-free children:
Group 11 46 0.20 0.54 6.7 10.2 0.53 0.60 8.4 15.9
! The geometric means are stated.
2 P < 0.05 compared with corresponding value in group I1.
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Fig. 2. Betalactoglobulin antibodies of the 1gA, 1gG and 1gM dlasses in children with recurrent otitis media compared with those
free from otitis, determined by the ELISA method and expressed as a percentage of the reference serum concentration, Solid
circles indicate children with recurrent otitis (at 9 months group Ia, at 3 years group Ib), and open circles indicate children free
from otitis (group ). The medians are shown by the horizontal lines. Asterisks indicate significant differences between the

study groups:
*Median test: P < 0.05; Mann-Whitney U-test: n.s.
** Median test: P < (0.005; Mann-Whitney U-test: P < 0.01.

Laboratory methods

Venous blood was drawn at scheduled age inter-
vals in most of the children, and the serum was
frozen and stored at — 20° until analysed.

Serum total IgA, IgG and IgM concentrations
were measured at 9 months and 3 years by a
single radial immunodiffusion method (11).
Serum total IgE was determined at 1 and 3
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years with the Phadebas IgE PRIST radio-
immunoassay (Pharmacia Diagnostics, Uppsala,
Sweden). Precipitating antibodies to cow milk
were determined semiquantitatively by a double
diffusion micromethod (6).

The cow milk-specific IgE antibodies were
determined at 6 and 12 -months with the
Phadebas RAST kit, using the 0 to 4 radio-
allergosorbent test score system.

The specific antibody concentrations to cow
milk proteins in the immunoglobulin classes
IgA, IgG and IgM were studied at 9 months
and $ years by using the enzyme-linked im-
munosorbent assay (ELISA) with some modi-
fications. Microtitre plates (Lindbro®; Flow
Laboratories Inc., Connecticut) were coated
with defatted dairy milk diluted with phosphate
buffered saline (PBS) pH 7.4, 1:10 for IgA
and IgG and 1:2 for IgM titration, or with
betalactoglobulin  (Sigma  Pharmaceuticals)
1 mg/l in PBS. Coating was done at +4°C
overnight. The serum samples were diluted
with PBS, 1:40 for IgA and IgG and 1:10 for
IgM antibody measurement, and were added
to mictrotitre wells for 4 h at 37°C. After
washing, an optimal concentration of phos-
phatase conjugated monospecific antihuman
IgA, IgG and IgM serum (Orion Diagnostica,
Espoo, Finland) was incubated overnight in the
wells at room temperature. Attached phos-
phatase reacted with p-nitrophenylphosphate,
and the colour was measured with Titertek
Multiscan® (Flow Laboratories Inc.) at wave-
length 405 nm. In the titrations, a pooled
serum with a high titre of anti-cow milk anti-
bodies was run in various dilutions in parallel
with the serum to be tested. The titre of the
unknown serum was expressed as a percentage
of the antibody concentration of the pooled
reference serum.

Statistical methods

Chi-square test and Student’s t test were used
in the statistical analyses, as well as the median
test and the U-test of Mann and Whitney as
nonparametric tests.

RESULTS

The children with recurrent otitis media had a
higher serum total IgE at 1 year of age, and a
higher total IgM at 3 years than the children
free from otitis (Table 2). The concentrations of
total IgA and IgG did not differ (Table 2).

Precipitating antibodies to cow milk occurred
almost as frequently in children with recurrent
otitis as in those without otitis at 3 years: 17% in
groups la, Ib and Ic, and 24 % in group II. At 9
months the figures were 6%, 13% and 13% in
groups Ia, Ib and Ic, respectively, compared
with 2% in group II; the difference was not
significant.

The only milk-specific antibodies in which a
difference was found were the betalactoglobulin
(BLG) antibodies of the 1gM class. These anti-
bodies occurred in higher titres in children with
recurrent otitis than in those without otitis at 9
months and 3 years of age (Fig. 2). The IgM-
anti-BLG titres did not correlate with the dur-
ation of breast-feeding, when evaluated in otitis-
free children (group 1I). There was no differ-
ence between study groups I and II regarding
specific anti-BLG of IgA and 1gG classes.

Titres against whole cow milk were generally
lower than those against BLG; the study groups
did not show any difference.

Cow milk-specific IgE antibodies were de-
termined in 32 infants at 6 and 12 months of
age. Only one child had detectable cow milk-
specific IgE with a RAST score of only 0.5. This
child belonged to the otitis group and also had
atopic eczema.

DISCUSSION

Is cow milk hypersensitivity responsible for re-
current otitis media in children? In the present
study we have found some evidence suggesting
that immunological mechanisms might play a
part in recurrent otitis of bottle-fed infants. Our
specific finding was that children with recurrent
otitis media had increased titres of BLG-anti-
bodies of the IgM type. This was the only type
of milk-specific antibodies in which we found a
difference between children with and without
otitis. The finding is unexpected, as there have
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been no observations indicating the clinical im-
portance of particularly the IgM class of cow
milk antibodies (1, 20). The possible role of
these BLG-antibodies in the pathogenesis of
recurrent otitis media is difficult to settle,
however, and requires further studies.

Bottle-feeding with cow milk-based formulas
has been postulated to cause positional otitis
media (2, 5, 8); if an infant is bottle-fed in the
lying position, milk can regurgitate to the
middle ear through the pharyngotympanic
tube due to its inadequate function in infants,
especially during respiratory illness. Local irri-
tation in the tympanic cavity caused by cow
milk may give rise to impaired function of the
middle ear mucosa and thus increase the sus-
ceptibility to otitis media. Direct contact of the
respiratory epithelium with cow milk might
also stimulate the synthesis of milk-specific anti-
bodies, as has been postulated regarding pre-
cipitating antibodies of the IgG class (10). One
can speculate that also the IgM type BLG-anu-
bodies might originate in this way. Whether the
BLG-antibodies are in fact involved in the
pathogenesis of recurrent otitis media or
whether they represent a secondary pheno-
menon as a result of a wrong feeding position,
remains uncertain.

Also the total IgM concentrations in serum
were increased in children with recurrent otitis
at 3 years of age (Table 2). BLG-antibodies
contribute to the increase in serum total IgM,
but their proportionate role is probably not
very important in the total IgM. We believe
that increased antiviral and antibacterial 1gM
antibodies account for this change in otitis-
prone children.

Atopic disease may predispose to otitis (13),
which could explain why the children with re-
current otitis had a higher serum total IgE at 1
year of age. However, no evidence could be
found that particularly milk-specific IgE anti-
bodies would play a part in recurrent otitis. We
should like to explain that bottle-feeding with
cow milk-based formula is the common back-
ground of both recurrent otitis (4, 19, 21) and
atopic disease (15, 18), and the two conditions
need not necessarily be dependent on each
other.
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To sum up, in a search for milk-specific anti-
bodies in otitis-prone children we found in-
creased BLG-antibodies of IgM type to be
associated with recurrent otitis media. This is a
new observation, and the role of these specific
antibodies remains to be solved.
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