w
o
(7]
o
o
=
2
o
=
=
g
3
3
c
3
o
[
Q
~<

Cytomegalovirus infection and development
of allergic diseases in early childhood:
Interaction with EBV infection?

Anna Sidorchuk, MD,*° Magnus Wickman, MD, PhD,*4 Géran Pershagen, MD, PhD,*4
Frédéric Lagarde, PhD,? and Annika Linde, MD, PhDP® Stockholm, Sweden, and

St Petersburg, Russia

Background: Chronic replication of cytomegalovirus and EBV
in early life may affect the immune system and play a role in
the development of allergy in children.

Objective: To assess the relation between cytomegalovirus
infection and allergic disorders in children, including a possible
interaction with EBV infection.

Methods: From a prospective birth cohort study in Stockholm,
on factors of importance for development of allergy, 2581 four-
year-old children were enrolled. The classification of allergic
diseases was based on questionnaire answers and determination
of IgE antibodies to common airborne and food allergens. IgG
to cytomegalovirus was determined by a commercial ELISA
and to EBV by indirect immunofluorescence.

Results: A total of 1191 (46%) children were cytomegalovirus-
seropositive. There were no significant associations between
seropositivity to cytomegalovirus and allergic manifestations,
such as bronchial asthma, suspected allergic rhinitis, or atopic
dermatitis. Seropositivity to cytomegalovirus alone, ie, without
seropositivity to EBV, was related to IgE antibodies to airborne
and food allergens (adjusted odds ratio, 1.8; 95% CI, 1.2-
2.9).An antagonism between cytomegalovirus and EBV in
relation to sensitization to airborne and food allergens was
suggested (P = .05).

Conclusion: The study does not support the hypothesis that
previous cytomegalovirus infection plays an important role in
the pathogenesis of bronchial asthma, suspected allergic
rhinitis, or atopic dermatitis in children. However, in the
absence of EBYV infection, cytomegalovirus infection may be
related to sensitization to airborne and food allergens. (J
Allergy Clin Immunol 2004;114:1434-40.)
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The prevalence of allergic and hypersensitivity reac-
tions has increased in industrialized parts of the world,
particularly among children, for largely unknown rea-
sons.'? A decline in certain childhood infections and
a more general lack of exposure to a broad range of
infectious agents in the first years of life have been
suggested as contributing factors.>* A changed spectrum
of infections could cause an imbalance between
Tyl-mediated and Ty2-mediated immune responses,4
contributing to allergy.” There is probably a complicated
interplay between infections and the immune system.®’
Not just 1 infecting micro-organism but changes in the
pattern of interactions among many agents could affect the
development of allergy.

In recent years, much interest has been focused on
respiratory syncytial virus (RSV) infections and the de-
velopment of bronchial asthma.®” Other viruses such as
herpesviruses may also be of importance, but their pos-
sible effect has been studied to a limited extent.'*'? They
are ubiquitous and are chronically excreted or reactivated
with varying frequency, possibly affecting the immune
system."*"> Cytomegalovirus is a herpesvirus, which
seems to favor a Tyl immune response. Approximately
70% of Swedish mothers of child-bearing age are sero-
positive to cytomegalovirus.'® Cytomegalovirus is often
transmitted to the child during delivery by infected
maternal genital secretion, or afterwards via breast milk. 17
Approximately 1% of children attain new cytomegalovi-
rus infections yearly after 1 year of age.'® There are few
studies addressing the relation between cytomegalovirus
infection and subsequent development of allergic disor-
ders,' 121922 4nd the results are inconclusive.

EBV is also ubiquitous and seems to favor a Ty2
immune response by induction of IL-10 in infected cells,
production of an IL-10 analogue, and induction of B-cell
proliferation as well as polyclonal antibody production.23
It may thus counteract the immunologic effect of cyto-
megalovirus. The reports on a role of EBV in atopy are still
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inconsistent,w‘zm5 but it has been shown that EBV
infection may lead to production of some major ILs
described in allergy,*® and infections have been suggested
to result in atopic disease.'® Cytomegalovirus and EBV
both infect in early childhood in nonindustrialized coun-
tries where allergy is uncommon, but are often delayed in
industrialized countries.

To elucidate the role of cytomegalovirus infection for
development of allergy, the seroprevalence to cytomega-
lovirus was examined in Swedish 4-year-old children who
participated in a large prospective birth cohort survey
(BAMSE: Children [Barn], Allergy, Environment [Miljo],
Stockholm, Epidemiological Survey).27 Data obtained in
a previous study24 on EBV seroprevalence and allergic
disorders in the same cohort were also used to assess
interaction between EBV and cytomegalovirus infections
in relation to allergic disease and sensitization.

METHODS

Study subjects

The study was based on a birth cohort including 4089 infants
(2065 boys and 2024 girls) born from February 11, 1994, until
November 22, 1996, in Stockholm. The aim was to assess the role of
various environmental and lifestyle factors during early childhood for
development of allergic disorders. The BAMSE study design has
been presented in detail previously.”” Briefly, the parents of the
included families answered 4 questionnaires over time concerning
risk factors, symptoms, and health outcomes during the first 4 years of
life of their children. The questionnaires were answered when the
children were approximately 2 months and 1, 2, and 4 years old. The
response rate at 4 years was 91.5%.%*

The children were also invited to a clinical examination and
collection of blood samples at 4 years of age. The median age at
participation was 4.3 years. For various reasons, 1128 children were
not sampled.24 Among these, 86 had moved out of Stockholm, and
291 families did not answer the invitation. Another 401 families
refused blood sampling. Furthermore, it was not possible to draw
blood from 350 children who took part in the clinical examination,
because only 1 attempt was allowed. Thirty-three samples were
excluded from the serologic analyses because of insufficient volume.
Eventually, the cytomegalovirus serostatus was determined in 2581
children. The EBV serostatus had previously been determined in the
same group of children, but 20 samples were excluded from the final
analysis because the results were indeterminate.* Thus, 2561
children composed the final study group.

Asthma was defined as at least 4 episodes of wheezing without an
ongoing cold during the preceding 12 months or at least 1 episode
during the same period together with treatment of inhaled cortico-
steroids.?® Suspected allergic rhinitis was defined as a runny, itchy, or
blocked nose without an ongoing cold during the preceding 12
months.? Atopic dermatitis was defined as an itchy rash with typical
distribution ongoing for at least 2 weeks, dry skin, and/or a doctor’s
diagnosis of eczema.*®

Serologic methods

The commercial ELISA Enzygnost Anti CMV/IgG (Dade
Behring, Marburg GmbH, Germany) was used for determination of
cytomegalovirus IgG antibodies.’’ The analysis was performed
according to the instructions from the manufacturer. The Anti-
CMV Reference positive and negative samples provided by the
manufacturer were used as reference samples. All references and test
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samples were prediluted 1:20 with sample buffer. The quantitative
evaluation was performed by the a-method, and an optical density of
0.25 was chosen as a cutoff for positive results, both according to the
manufacturer. Repeated analyses to confirm the validity of the
Enzygnost Anti CMV/IgG results were performed for examinations
showing unusually similar results for all sera included in 1 run. There
was no interassay variation concerning serostatus.

IgG antibodies to the EBV capsid antigen remain lifelong after the
primary infection, and for determination of the EBV seroprevalence,
these antibodies were investigated. An indirect immunofluorescence
assay was used according to previous publications.?**?

IgE antibodies to common airborne allergens were determined
with Phadiatop (a multiallergen test containing allergens of Der-
matophagoides pteronyssinus and Cladosporium, cat, dog, horse,
timothy, birch, mugwort) and to common food allergens with x5
(containing allergens of milk, fish, eggs, wheat, peanut, and soybean;
Pharamacia CAP System; Pharamacia Diagnostics AB, Uppsala,
Sweden) according to instructions from the manufacturer. A positive
result was defined as an IgE antibody level >0.35 kilo units per liter.

Statistical methods

Odds ratio (OR) estimates, and corresponding 95% Cls for
asthma, atopic dermatitis, suspected allergic rhinitis, signs of
sensitization (specific IgE antibodies to common allergens), and
respiratory tract infections (pneumonia, bronchitis, and RSV in-
fection) were obtained by using logistic regression and were adjusted
for potential risk factors for allergic diseases. These included parental
allergy (no parent/1/both), maternal smoking (never/smoking during
pregnancy only/at any time after birth of child), maternal age at the
birth of the child (mothers at 25 years and younger/older than 25
years), breast-feeding (children who had never been breast-fed/
breast-fed less than 4 months/breast-fed 4 months and more), parental
educational level (1 or both parents held a college or university
degree/1 or both parents had as much as 3 years of upper secondary
education, qualifying for college or university studies/lower educa-
tion). Multinomial logistic regression was used for assessment of
outcomes with multiple categories. A likelihood ratio test was
performed for estimation of interaction between cytomegalovirus
and EBV with respect to specific IgE antibodies to common airborne
and food allergens. The statistical package STATA 7.0 was used for
analyscs.33

When computing the ORs, the effect of seropositivity to
cytomegalovirus was assessed by using all children who were
seronegative to cytomegalovirus as a comparison group, whereas
for the effect of dual seropositivity to cytomegalovirus and EBV, and
the effect of single seropositivity to cytomegalovirus or to EBV,
children who were seronegative to both cytomegalovirus and EBV
were used as a reference group (Fig 1).

RESULTS

If the prevalence of allergic outcomes and risk factors
for development of allergy were differently associated
with viral seropositivity in participants and nonpartici-
pants (ie, with and without blood samples, respectively),
the study might be biased. To assess such potential bias,
the distribution of socioeconomic characteristics, allergic
outcomes, and respiratory symptoms among the 2581
participants and in 1161 nonparticipants was studied.**
The only statistically significant differences between the
groups were a higher prevalence of bronchitis among the
participants (7.9%) than among the nonparticipants
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FIG 1. Number of children analyzed for cytomegalovirus and EBV
serostatus in the prospective BAMSE birth cohort.

(5.9%) and a higher prevalence of breast-feeding among
participants (breast-feeding >4 months 90.1% vs 87.6%
among nonparticipants).

The total number of cytomegalovirus seropositives was
1191 (46.1%; Fig 1). The relation between seropositivity
to cytomegalovirus and different risk factors for the
development of allergy is presented in Table I. Children
whose mothers were <25 years old were cytomegalovi-
rus-seropositive more frequently than children with older
mothers. In the group of children who were breast-fed for
4 months and longer, cytomegalovirus seropositivity was
more prevalent compared with children who were breast-
fed for a shorter time or not at all. This association was not
markedly affected by adjustment for maternal age and
maternal educational level. Nineteen of the 57 children
(33.3%) who were not breast-fed at all had a positive
cytomegalovirus serostatus. Spacious living was nega-
tively associated with cytomegalovirus seropositivity. In
children who lived in apartments or houses in which the
living area per person was 35 m® and greater, the se-
roprevalence to cytomegalovirus was lower than in
children who lived in apartments with <15 m? per person.
There was no association between seroprevalence to
cytomegalovirus and number of children at the nursery
school or age of entry to day care (data not shown).

No clear association was found between the seropre-
valence to cytomegalovirus and asthma, symptoms of
suspected allergic rhinitis, or atopic dermatitis (Table II).
Neither was there any statistically significant association
between seropositivity to cytomegalovirus and occurrence
of respiratory infections (pneumonia and bronchitis) or
with RSV infection. However, sensitization to common
airborne or food allergens tended to be more prevalent in
the cytomegalovirus-seropositive group of children, but
the association was not significant.

Twenty percent of children were exclusively positive to
cytomegalovirus, whereas seropositivity to EBV alone
was demonstrated in 26.5% and seropositivity to both
cytomegalovirus and EBV in the same individual in
25.7% (Fig 1). Seropositivity to either cytomegalovirus
alone or EBV alone as well as seropositivity to both
viruses were positively associated with young maternal
age (adjusted odds ratio [OR.4l, 1.7; 95% CI, 1.2-2.5;
OR,qj, 1.7;95% CI, 1.2-2.1; OR g5, 1.9; 95% CI, 1.3-2.8),
respectively. Joint seropositivity tended to be inversely
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associated to the size of living area per person (35 m” or
greater) in the household (OR,g;, 0.4; 95% CI, 0.2-0.9;
data not shown).

There was no association between outcome of any
allergic disease and single seropositivity to either cyto-
megalovirus or EBV or to joint viral seropositivity (Table
IIT). However, among children seronegative for EBV,
children who were seropositive for cytomegalovirus had
an increased prevalence of specific IgE to common
airborne allergens and an increased joint prevalence of
IgE to airborne and food allergens compared with other
groups. There was a borderline antagonism between
cytomegalovirus and EBV infection in relation to sensiti-
zation (P = .05).

Additional analyses were performed to assess seropos-
itivity to cytomegalovirus and/or to EBV in relation to
asthma, suspected allergic rhinitis, and atopic dermatitis
combined with sensitization to airborne or food allergens.
Overall, no clear associations were observed. However,
there was an association between cytomegalovirus sero-
positivity and atopic dermatitis in combination with
sensitization to food allergens among EBV-negative
children (OR,qj, 1.9; 95% CI, 1.2-3.2; data not shown).

DISCUSSION

The prevalence of cytomegalovirus seropositivity of
approximately 46% in young children found in this study
is in line with previous epidemiologic studies in developed
countries.***> The seroprevalence to cytomegalovirus
was higher in children whose mothers were 25 years and
younger. A possible explanation is that increase of cy-
tomegalovirus shedding including virus in breast milk can
be related to more recent primary infections. The increase
in primary infection of cytomegalovirus in teenagers and
young adults in Western countries, including Sweden,
supports this assumption.'®>® The finding is also sup-
ported by Chandler et al,*” who found a strong correlation
between positive cervical cultures for cytomegalovirus
and young age in seropositive pregnant women. Fowler
et al*® have suggested that biological, age-related effects
may contribute to a productive cytomegalovirus infection
in mothers during pregnancy. This makes the age of
mothers a potential confounder that needs to be accounted
for in analyses of cytomegalovirus and allergy, because
there is evidence suggesting that younger mothers are
more likely to have children who develop wheezing
illnesses in early life.*

In our study, cytomegalovirus infection was more
prevalent in children who were breast-fed for 4 months
and longer compared with other children. Prolonged
excretion of virus in breast milk and in other body fluids
is characteristic after cytomegalovirus infection and plays
an important role in transmission.** Some epidemiologic
studies have recently shown that the transmission rate of
cytomegalovirus infection from seropositive mothers to
preterm infants by breast-feeding is 14% to 449%." Apart
from the aforementioned associations, negative relations
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TABLE I. ORs and 95% Cls for seropositivity to cytomegalovirus in relation to risk factors for allergy in the
2581 four-year-old children from the prospective BAMSE birth cohort

No. subjects Seropositive Adjusted*
Risk factors (N = 2581) children (%) OR 95% Cl
Maternal age
>25y 2252 1019 (45.3) 1.0
<25y 320 168 (52.5) 1.3 1.1-1.7
Unknown 9 4 (44.4)
Breast-feeding
None 57 19 (33.3) 1.0
<4 months 159 65 (40.9) 1.4 0.7-2.1
>4 months 2325 1085 (46.7) 1.8 1.0-3.2
Unknown 40 22 (55.0)
Crowdedness (m?/person)
<15 70 40 (57.1) 1.0
>15 to <35 2192 1028 (46.9) 0.7 0.4-1.1
>35 and more 310 119 (38.4) 0.5 0.3-0.8
Unknown 9 4 (44.4)
Maternal smoking
Never 2097 970 (46.3) 1.0
During pregnancy onlyt 55 28 (50.9) 1.2 0.7-2.0
Ever after birth of child 371 161 (42.7) 0.8 0.7-1.1
Unknown 52 32 (61.5)
Sex
Female 1273 592 (46.5) 1.0
Male 1308 599 (45.8) 0.9 0.8-1.1
Parental allergy
None 1769 821 (46.4) 1.0
1 parent 702 317 (45.2) 0.9 0.8-1.1
2 parents 71 37 (48.1) 1.1 0.7-1.7
Unknown 33 16 (48.5)
Educational level of the parents
Hight 1357 599 (44.1) 1.0
Middle§ 701 347 (49.5) 1.2 1.0-1.5
Low|| 511 241 (47.2) 1.1 0.9-14
Unknown 12 4 (33.3)
Gestational age
>36 wk 2489 1156 (46.4) 1.0
<36 wk 83 31 (37.4) 0.8 0.5-1.2
Unknown 9 4 (44.4)
Number of permanent living brothers/sisters
0 606 297 (49.0) 1.0
1 1554 720 (46.3) 0.9 0.8-1.1
2 338 147 (43.5) 0.8 0.6-1.1
3 48 19 (39.6) 0.7 0.4-1.3
4 11 3(27.3) 0.4 0.1-1.6
5 1 0
Unknown 23 5@21.7)
Attendance at nursery school
No 162 78 (48.2) 1.0
Yes 2402 1109 (46.2) 0.9 0.7-1.4
Unknown 18 4.(22.2)

*Adjusted for other risk factors (maternal age, breast-feeding, sex, parental allergy, maternal smoking, and parental educational level).

+The mothers never smoked after birth of the child.

{One or both parents held a college or university degree.

§One or both parents had as much as 3 years of upper secondary education (qualifying for college or university studies).

||One or both parents had passed compulsory school (equivalent to primary and lower secondary education) or 2 years of upper secondary education.

with the size of living area in apartments or houses per with playmates who are excreting virus because of non-
person in the household were observed for children with crowded living conditions might be an explanation.*’

cytomegalovirus-positive serostatus as well as for doubly We did not find convincing evidence that cytomegalo-
infected children. The lack of close or prolonged contact virus infection before the age of 4 years facilitates the
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TABLE Il. ORs and 95% Cls for outcomes of allergy, signs of sensitization, and respiratory tract infections in relation to
cytomegalovirus seropositivity in the 2581 four-year-old children from the prospective BAMSE birth cohort

Cytomegalovirus-negative
children Cytomegalovirus-positive children

No. subjects  Affected (%) No. subjects Affected (%) Adjusted* OR (Cl 95%)

Outcomes

Allergic diseases

Asthma 1376 108 (7.8) 1186 85 (7.1) 0.9 (0.7-1.2)
Unknown 14 5
Suspected allergic rhinitis 1368 152 (10.9) 1276 146 (12.3) 1.1 (0.9-1.5)
Unknown 22 15
Atopic dermatitis 1389 291 (20.9) 1184 258 (21.7) 1.0 (0.9-1.3)
Unknown 1 7

Respiratory tract infections
Pneumonia 1359 23 (1.7) 1152 23 (1.9) 1.1 (0.6-1.9)
Unknown 31 39
Bronchitis 1352 110 (7.9) 1140 96 (8.1) 1.1 (0.8-1.5)
Unknown 38 51
RSV infection 1371 64 (4.6) 1169 43 (3.6) 0.8 (0.5-1.2)
Unknown 19 22

Specific IgE antibodies to common allergens
Phadiatop 1390 193 (13.9) 1191 197 (16.5) 1.2 (0.9-1.5)
x5 1390 194 (14.0) 1191 194 (16.3) 1.2 (0.9-1.5)
Both allergens mix tests (Phadiatop and fx5) 1390 87 (6.3) 1191 93 (7.8) 1.3 (0.9-1.7)

*Adjusted for maternal age, breast-feeding, sex, parental allergy, maternal smoking, and parental educational level.
Unknown indicates that the questionnaires were responded to but no answer was given to this particular item.

TABLE lll. Prevalence and risk (ORs and 95% Cls) of atopic diseases and allergic sensitization in relation to single and joint
seropositivity to cytomegalovirus and EBV in the children from the prospective BAMSE birth cohort at 4 years old

Children negative
to both
cytomegalovirus
and EBV N =691
(reference group)
Affected (%)/
not affected

Cytomegalovirus-positive,
EBV-negative
children N =522

Cytomegalovirus-negative,
EBV-positive
children N = 684

Cytomegalovirus-positive
and EBV-positive
children N = 664

Affected (%)/  Adjusted*  Affected (%)/ Adjusted* Affected (%)/ Adjusted*

Outcomes not affected OR (Cl 95%) not affected OR (Cl 95%) not affected OR (Cl 95%)

Allergic diseases
Asthma 50 (7.2)/634 34 (6.5)/486 0.8 (0.5-1.3) 56 (8.2)/621 1.0 (0.7-1.5) 50 (7.5)/611 0.9 (0.6-1.4)
Unknown 7 2 7 3

Suspected 74 (10.7)/606 64 (12.3)/448 1.1 (0.8-1.6) 76 (11.1)/599 0.9 (0.7-1.3) 82 (12.4)/577 1.1 (0.8-1.6)
allergic rhinitis

Unknown 0 2 1 5

Atopic dermatitis 138 (20.0)/553 123 (23.6)/397 1.2 (0.9-1.6) 148 (21.6)/535 1.1 (0.8-1.4) 133 (20.0)/526 1.0 (0.8-1.3)

Unknown 0 2 1 5

Specific IgE antibodies
to common allergens
Phadiatop 91 (13.2)/600
x5 95 (13.8)/596
Both allergens mix 37 (5.4)/654
tests (Phadiatop
and fx5)

96 (18.4)/426 1.4 (1.0-1.9) 91 (13.9)/589 1.0 (0.7-1.4) 99 (14.9)/565 1.1 (0.8-1.5)
95 (18.0)/428 1.3 (0.9-1.8) 95 (13.6)/591 0.9 (0.7-1.3) 99 (14.9)/565 1.1 (0.8-1.5)
51.(9.8)471 1.8 (1.22.9) 44 (6.4)/640 1.1 (0.7-1.8) 41 (6.2)/623 1.1 (0.7-1.8)

*Adjusted for maternal age, breast-feeding, sex, parental allergy, maternal smoking, and parental educational level.
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development of asthma or rhinitis. In the literature,
varying results concerning the relation between allergy
and cytomegalovirus infections have been presented.
Cytomegalovirus has been reported to be associated with
asthma exacerbation in adults.®® A case of cow’s milk
allergy associated with cytomegalovirus infection in an
immunocompetent infant has also been reported, but there
was no evidence that cytomegalovirus facilitated the

allergic reaction.'” Two recent studies indicate that
reactivation of cytomegalovirus may contribute to the
development of hypersensitivity.zl’22

EBYV, like cytomegalovirus, causes a chronic infection
in children, and these viruses may interact. Our study
supports a potential role of early cytomegalovirus in-
fection in sensitization, both to inhalant and food allergens
and in atopic dermatitis with sensitization, especially to
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food allergens, in cytomegalovirus-positive/EBV-nega-
tive children. One recent study supports a relation between
cytomegalovirus and atopic dermatitis or sensitization to
common allergens.'? Some epidemiologic studies have
shown that exclusive breast-feeding for longer than 4
months may delay the onset or protect against develop-
ment of respiratory allergy in early life, but the relation
between breast-feeding and the development of atopic
dermatitis is still controversial and varies in different age
groups and different countries.*! Isolauri et al** showed
that breast-feeding may maintain allergic symptoms in
sensitized infants. A role of cytomegalovirus infection via
breast-feeding in this context deserves further attention.

A greater degree of expansion of CD45RO memory T-
cell production has been shown in atopic than in nonatopic
children.® It has also been described that CD45RO is
usually expressed in response to cytomegalovirus anti-
gens.”> The memory cells produce 10-fold more IFN-y
compared with naive T cells** and may divert Ty1/Ty2
balance to the Tyl direction. An early cytomegalovirus
infection could thus be of importance for the development
of atopy.6 However, in recent studies, a difference in
neither the Ty1 response nor seroprevalence to cytomeg-
alovirus between atopic and nonatopic children was
noted.'"'? However, these studies do not consider viral
interactions.

The associations between seropositivity and the signs
of sensitization were found only in children seropositive to
cytomegalovirus who were not seropositive to EBV.
These 2 viruses may theoretically be counteracting the
effect of each other on the immune system by their
different Ty;1 and Ty2 activations.*> Recent studies have
shown that the human immune response to cytomegalo-
virus includes positive staining of T cells for IL-2, TNF-q,
IEN- +y, and small amounts of IL-4,*° suggesting that
cytomegalovirus elicits a prototype Tyl response. EBV
infection, in contrast, may transform human B cells,
resulting in production IL-5, which in turn may induce
a chronic eosinophilic inflammation, promoting allergy.*’
Because Tyl-type cytokines inhibit the production of
Ty2-type cytokines and vice versa,” the immunologic
aspects of coinfection with the 2 viruses might be of
specific interest. Our results indicate an antagonistic
interaction between cytomegalovirus and EBV in relation
to sensitization. This may partly explain heterogeneous
findings in different studies on the effect of breast-feeding
and underlines the importance of studies of interaction
between viral infections.

The authors thank all colleagues from the Department of
Occupational and Environmental Health, Stockholm County
Council, Stockholm, who have worked in the BAMSE project.
Furthermore, we express our gratitude to Professor Marianne V.
Hage-Hamsten from the Department of Clinical Immunology,
Karolinska Hospital, Stockholm, for preparing all of the tests of
allergic sensitization.
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