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Epstein-Barr virus and cytomegalovirus are differentially associated with
numbers of cytokine-producing cells and early atopy
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Summary

Background We have previously shown that Epstein-Barr virus (EBV) seropositivity, at 2 years
of age, was inversely related to IgE-sensitization and that this effect was enhanced when EBV
is combined with cytomegalovirus (CMV) seropositivity. We hypothesize that early exposure
to EBV or CMV will affect the cytokine balance in the individual.

Objective The aim of this study was to relate the cytokine profile in peripheral blood
mononuclear cells (PBMC) to the EBV and CMV serostatus and IgE-sensitization in children
at 2 years of age.

Methods Seventy-five children were followed prospectively from birth until 2 years of
age. Their EBV and CMV serostatus was correlated to the numbers of [FN-v, IL-4, IL-10 and
IL-12-producing PBMC following PHA stimulation in vitro. Skin prick tests and allergen-
specific IgE antibodies were used to assess IgE-sensitization.

Results In the study cohort, there was an inverse association between EBV seropositivity
and IgE-sensitization but not with CMV seropositivity. Following linear regression analysis,
we did not detect any statistically significant associations between children with IgG
antibodies against EBV at 2 years of age and the investigated cytokines. However, there was
a non-significant tendency to a positive association between high numbers of all individual
cytokine-producing cells and EBV seropositivity. Children who were CMV seropositive had
significantly higher numbers of IFN-y and lower numbers of IL-4-producing cells compared
with CMV negative children. There was a significant, positive association between the number
of IL-4-producing cells and IgE-sensitization.

Conclusion Taken together our results indicate that infections with EBV and CMV in different
ways will interact with the immune system and may protect children from developing early

atopy.
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Introduction

sing/presentation capacity of dendritic cells/macro-
phages. Thereby the host T cell system may be switched

Epstein-Barr virus (EBV) and cytomegalovirus (CMV) are
persistent viruses that are shed for a long time after the
primary infections. The chronic nature of both viruses has
been shown to exert an effect on the immune system [1].
The successful coexistence of the viruses with their hosts
requires a variety of mechanisms of anti-viral immune
evasion. Examples include genes encoding for IL-10-like
proteins which may down-regulate the antigen proces-

off, similar to that observed for Treg cells [2, 3]. In
addition, both viruses have been shown to polyclonally
activate B cells to produce antibodies with multiple
specificities. Thereby specific antigens are hindered from
cross-linking the B cell receptor, as seen for helminthic
infections [4].

In developing countries, the majority of young children
have asymptomatic CMV and EBV infections early in life
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[5, 6]. This is in contrast to industrialized countries where
the primary EBV infection often is delayed, sometimes
until puberty [7, 8] resulting in EBV-associated infectious
mononucleosis (IM) in about half of those infected at this
age. Patients with IM exhibit a ThO-type cytokine profile
with high levels of IFN-y and IL-12 as well as IL-4 [9, 10].
The CMV infection is mostly subclinical in immune-
competent individuals and T cells from CMV-seropositive
donors mainly produce Th1 cytokines, such as IFN-y but
also IL-4 [11, 12]. This suggests that both CMV and EBV
can influence the development of functionally distinct
immune responses especially when the nascent immune
system encounters these viruses.

The herpes viruses, especially CMV and EBV, have been
given attention for a possible role in allergy. EBV infection
in the first years of life has previously been associated
with a lower prevalence of IgE antibodies [8], while other
studies have shown an association between CMV but not
with EBV seropositivity at 4 years of age and elevated IgE
to selected allergens [13, 14]. An antagonism between
EBV and CMV was suggested [13, 14]. Recently, a multi-
centre study of adults, with or without allergy, showed
that allergic subjects more seldom were seropositive to
CMV/EBV than non-allergic ones [15]. In vitro cellular
studies have shown that activated CD8™ cells in CMV-
seropositive adults with allergic asthma were reduced in
numbers compared with findings in CMV-seropositive
non-atopic adults [16]. Recently, Barton et al. presented a
study showing an up-regulation of the innate immunity in
mice with latent murine equivalents of human CMV and
EBV [17]. In addition to the type of immune response
elicited, the magnitude of the virus-specific response is of
importance. It has been demonstrated that CMV-specific
CD4" and CD8" T cells are a large proportion of the
memory compartments of exposed subjects [18, 19].

We have previously shown that early exposure to EBV
may protect against the development of early atopy [20]
and that this effect is enhanced when EBV is combined
with CMV exposure. We hypothesize that early exposure
to EBV or EBV together with CMV might affect the
development of functionally distinct T-helper cells. The
aim of this study was to evaluate the associations between
the number of IFN-vy, IL-4, IL-10 and IL-12-producing
peripheral blood mononuclear cells (PBMC) after stimula-
tion with phytohaemagglutinin (PHA), the serostatus
against EBV and CMV and IgE-sensitization in children at
2 years of age.

Materials and methods

Subjects

A total of 75 2-year-old infants were selected for this
study from a cohort of children participating in a larger,
prospective study [20]. The cytokine profile of PBMC in

cord blood has been presented elsewhere [21]. One third of
the children had two allergic parents, another third had an
allergic mother and the last third had no parental history
of allergy. Parental allergy was assessed with skin prick
tests (SPT) before the delivery of the child. All children in
the larger prospective study were skin prick tested and
bled at 2 years of age. Circulating allergen-specific IgE
and antibodies against CMV and EBV were analysed in the
plasma samples obtained at this occasion. Children, from
whom there were enough PBMCs recovered from blood
samples to perform cellular studies, were included in this
study. All infants were born full term (>35 weeks of
gestation) at hospitals in Stockholm, were healthy and had
birth weights within the normal range (mean 3.6, range
2.5-4.8 kg) The study was approved by the Human Ethics
Committee at Huddinge University Hospital, Stockholm
(Dnr 75/97, 113/97) and the parents provided informed
consent.

Clinical evaluation

The children were followed from birth to 2 years of age
and were clinically evaluated at ages 6, 12, 18 and 24
months by one paediatrician (C.N.).

Skin prick test

SPT (ALK, Copenhagen, Denmark) against egg white
(Soluprick weight to volume ratio 1/100), cod (Soluprick
1/20), peanut (Soluprick 1/20), cow’s milk (3% fat, stan-
dard milk), soy bean protein (Soja Semp®™ Semper AB,
Stockholm, Sweden), cat, dog, Dermatophagoides farinae,
birch and timothy (Soluprick 10 HEP) were performed at
24 months of age as previously described [20]. All parents
were skin prick tested against the same inhalant allergens
as the children and further against horse, rabbit and
mugwort. The SPT was considered positive if the weal
diameter was >3 mm after 15 min.

Blood sampling

Venous blood samples were collected when the children
were 24 months old (mean 23.8, range 21.8-27.7 months).
The blood samples were stored for a maximum of 24 h
before PBMC were separated and isolated by Ficoll-Paque
(Pharmacia-Upjohn, Uppsala, Sweden) gradient centrifu-
gation. The cells were resuspended and frozen at 1-2x
107 cells/mL in tissue-culture medium (TCM; i.e. RPMI
1640 Hepes containing 10% heat-inactivated fetal calf
serum (FCS) and 25pg/mL of gentamicin and 2mm
L-glutamine), supplemented with 10% dimethyl sulphox-
ide (DMSO) and gradually frozen at 1 °C/min to —70 °C in
a freezing container (Nalgene Cryo 1°C, Nalgene Com-
pany, USA) and were then stored in liquid nitrogen until
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used in the ELISpot assay. Plasma was also separated and
stored at —70 °C pending analysis.

ELISpot

Frozen cells were thawed and diluted in TCM. The num-
bers of IFN-vy, IL-4, IL-10 and IL-12-producing cells were
measured by the ELISpot after PHA stimulation. The
reverse ELISpot assay was performed mainly as described
previously [22]. Briefly, the anti-human IL-4, IL-12, IL- 10
and IFN-y monoclonal antibodies (MoAbs) were added
onto nitrocellulose plates (Millipore Corp., Bedford, MA,
USA) at a concentration 10 pg/mL and incubated over-
night. Monoclonal antibodies used were M-450 for IL-4
(Endogen, MA, USA), 1-D1K for IFN-v, IL-12-I for IL-12
and 9D7 for IL-10 (all from Mabtech AB, Nacka, Sweden).
The cells were diluted to a concentration of 10° cells/mL in
TCM alone or in TCM containing PHA (1 pg/mL, Murex
Diagnostics Ltd, Dartford, UK) in round-bottomed tubes.
After incubation for 4 h, the cells were transferred to the
coated ELISpot plates and incubated for 42 h. Thereafter
the cells were washed away and 100 pL of biotinylated
MoAbs were added and incubated for 2h at room tem-
perature (RT). Finally, 100 uL colour-developing buffer
(Bio-Rad, Richmond, CA, USA) was added and incubated
at RT until dark spots emerged. After development, the
plates were dried and spots were counted using a compu-
terized ELISpot counter (Autoimmun Diagnostika GmbH,
Strassberg, Germany with software AID). The number of
spontaneously cytokine-producing cells was subtracted
from all values shown.

Viral infections/serological methods

The IgG serostatus against CMV and EBV was investigated
using in-house assays immunofluorescence and ELISA
described in detail elsewhere [23, 24].

Specific immunoglobulin E

Specific IgE antibodies against the same allergens as for
SPT were determined in plasma with Phadia Immuno-
CAP™ (Phadia, Uppsala, Sweden). A positive test was
defined as an IgE antibody level >0.35kU,/L.

Classification of the immunoglobulin E-sensitized children

In accordance with Johansson et al. [25], the children were
classified as IgE-sensitized if at least one or more SPT was
>3 mm and/or if at least one or more specific IgE was
>0.35kU4/L. In order to optimize the classification in
IgE-sensitized and non-IgE-sensitized children, the results
of the in vivo and in vitro analysis were combined.

© 2008 The Authors

Statistical analyses

Descriptive statistics were used to characterize the data.
Chi-squared analysis and the Student’s t-test (two-tailed)
were used for comparison between the groups of children
where appropriate. The distributions of the cytokine-
producing cells were not normally distributed and, there-
fore, they were transformed with natural logarithms by
the statistical program Stata (7.0; Stata Corporation,
College Station, TX, USA) to remove skewness, thus
allowing us to model them as continuous measures and
use them as the dependent variable in linear regression
analysis. Linear regression was used to calculate the
associations of seropositivity against CMV or EBV, or
IgE-sensitization with the investigated cytokines (IFN-v,
IL-4, IL-10 and IL-12). Separate models were used for each
cytokine (as dependent variable), but after unadjusted
analysis, there was simultaneous mutual adjustment for
the other cytokines as independent variables. When the
main associations were altered notably by adjustment for
the other cytokines, these were included in the model one
by one to identify which factors were responsible. Addi-
tional adjustment for the other dependent measures, CMV
seropositivity, EBV seropositivity and IgE-sensitization,
were included as appropriate. The models were further
adjusted for environmental factors associated with allergy
in this population such as season of birth (winter=
October-March or summer = April-September), number
of older siblings (0, 1 or > 1) and duration of exclusive
breastfeeding (none, <4, 4-5 or 5.1-10 months) [20].

Statistical significance was defined as 95% confidence
intervals that do not include 0.00 and P-values >0.05.
The analyses were conducted using the Stata and SPSS
statistical packages.

Results

Immunoglobulin E-sensitization and Epstein-Barr virus
and cytomegalovirus serostatus

Fifteen (20.0%) of the children were classified as IgE-
sensitized (one or more SPT >3 mm and/or one or more
allergen-specific IgE >0.35kU,/L) at 2 years of age.
Twenty-two (29.3%) children were seropositive against
EBV and 29 (38.7%) children were seropositive against
CMYV at 2 years of age. Boys were more often infected with
CMV than girls (data not shown). EBV and CMV seroposi-
tivity was not associated with each other.

The association between IgE-sensitization and serosta-
tus against CMV and EBV was evaluated. Seropositivity
against EBV was significantly inversely associated with
IgE-sensitization (Table 1). Among the EBV-seropositive
children, one (4.5%) was sensitized. Seven (24.1%) chil-
dren were sensitized among the CMV seropositives,
and there were no statistically significant associations
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Table 1. Seropositivity for Epstein-Barr virus (EBV) and cytomegalovirus (CMV) in IgE-sensitized and non-sensitized children

Non-sensitized IgE-sensitized

B; (95% CI) B-adj™; (95% CI)

n 60 15
EBV; 1 (%) 21 (35) 1(7)
CMV; n (%) 22 (37) 7 (47)

—0.26; (—0.46 to —0.06)**
0.11; (—0.10 to 0.32)

—0.22; (—0.42 to —0.02)*
0.07; (—0.12 to 0.26)

*Adjusted for the investigated cytokines and EBV and CMV, respectively. *P=0.03, **P=0.01.
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Fig. 1. Frequency of cytokine-producing cells/100 000 peripheral blood mononuclear cells (PBMC) after stimulation with phytohaemagglutinin (PHA)
among infants seropositive (red box, n=22) and seronegative (blue box, n = 53) against Epstein-Barr virus (EBV) during the first 2 years of age: (a) IFN-
y-producing cells, (b) IL-4-producing cells, (c) IL-10-producing cells, (d) IL-12-producing cells. Results are illustrated using the box plot model. Boxes
cover the middle 50% of the data values, between the 25th (q;) and 75th (q3) percentiles, the central line being the median.

between seropositivity against CMV and IgE-sensitization
(Table 1). None of the seven children (9%) who were
seropositive against both EBV and CMV were sensitized.

Epstein-Barr virus seropositivity and the number of
cytokine-producing cells

The associations between the EBV serostatus and the
number of cytokine-producing cells, before they were
transformed with natural logarithms, are presented in
Fig. 1. There was a non-significant tendency to a positive
association between high number of all individual cyto-
kine-producing cells and EBV seropositivity.

After transformation with natural logarithms, there
were no notable differences in the linear regression
coefficient (B) for IFN-v, IL-4 and IL-12-producing cells

Table 2. Linear regression coefficient (B) for IFN-y, IL-4, IL-10 and IL-
12-producing cells after phytohaemagglutinin (PHA) stimulation among
Epstein-Barr virus (EBV)-seropositive compared with EBV-seronegative
children

B; (95% CI) B-adj™; (95% CI)

IFN-y 0.37; (—0.07 to 0.80)
IL-4 0.15; (—0.03 t0 0.33)
IL-10 0.20; (—0.24 to0 0.63)
IL-12 0.22; (—0.13 to 0.58)

0.25; (—0.17 to 0.68)
0.07; (—0.05 t0 0.19)
—0.10; (—0.37 to 1.16)
0.05; (—0.22 to 0.32)

*Adjusted for IFN-y, IL-4, IL-10 and IL-12.

and EBV neither before nor after adjustment for the other
cytokines (Table 2). However, for IL-10, B decreased after
adjustment of the other cytokines (Table 2). This was
almost entirely due to adjustment for IL-4 alone.
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Fig. 2. Frequency of cytokine-producing cells/100 000 peripheral blood mononuclear cells (PBMC) after stimulation with phytohaemagglutinin (PHA)
among infants seropositive (red box, n = 29) and seronegative (blue box, n = 46) against cytomegalovirus (CMV) during the first 2 years of age: (a) [FN-y-
producing cells, (b) IL-4-producing cells, (c) IL-10-producing cells, (d) IL-12-producing cells. Results are illustrated using the box plot model. Boxes
cover the middle 50% of the data values, between the 25th (q;) and 75th (qs3) percentiles, the central line being the median.

Further adjustment for CMV and sensitization did not
alter the associations (data not shown). Adjustments for
environmental factors did not change the associations
between EBV-seropositive children and the different
cytokines.

Cytomegalovirus seropositivity and the number of
cytokine-producing cells

The associations between the serostatus against CMV and
the number of cytokine-producing cells, before they were
transformed with natural logarithms, are presented in Fig.
2. After transformation with natural logarithms, the CMV-
seropositive children had significantly higher numbers of
IFN-y-producing cells compared with CMV-seronegative
children with a linear regression coefficient (B) of 0.83
(95% CI 0.47-1.20). Adjustment for the other cytokines
did not alter the association (Table 3). Adjustment for the
cytokines and EBV serostatus increased the association
between CMV seropositivity and the number of IFN-vy-
producing cells to a B of 0.85 (95% CI 0.50-1.20)
(P= <0.001). Adding sensitization to the adjusted model
did not result in further notable changes (data not shown).

When comparing the numbers of IL-4-producing cells
and seropositivity against CMV, there was an inverse,

© 2008 The Authors

Table 3. Linear regression coefficient (B) for IFN-y, IL-4, IL-10 and IL-
12-producing cells after phytohaemagglutinin (PHA) stimulation among
cytomegalovirus (CMV)-seropositive compared with CMV-seronegative
children

B; (95% CI) B-adj™; (95% CI)

0.83; (0.47 to 1.18"*"
—0.14; (—0.26 to —0.02)*

0.08; (—0.21 to 0.37)

0.14; (—0.15 to 0.42)

IEN-y 0.83; (0.47 to 1.20)**
IL-4 —0.05; (—0.22 t0 0.12)
IL-10 0.08; (—0.33 to0 0.49)
IL-12 0.23; (—0.10 to 0.55)

*Adjusted for IFN-y, IL-4, IL-10 and IL-12. *P=0.024, **P= <0.001.

non-significant association (Table 3), which became
statistically significant after adjustment for IFN-vy, IL-10
and IL-12. No single cytokine was responsible for this
change; it was rather an additive effect. This was also true
after adjustment for EBV and sensitization (data not
shown).

No statistically significant associations between the
number of IL-10 and IL-12-producing cells and CMV
serostatus were observed. Adjustments for environmental
factors associated with allergy revealed no changes in the
association between CMV-seropositive children and the
different cytokines.
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Fig. 3. Frequency of cytokine-producing cells/100 000 peripheral blood mononuclear cells (PBMC) after stimulation with phytohaemagglutinin (PHA)
among infants IgE-sensitized (red box, n = 15) and non-sensitized (blue box, n = 60) at 2 years of age: (a) IFN-y-producing cells, (b) IL-4-producing cells,
(c) IL-10-producing cells, (d) IL-12-producing cells. Results are illustrated using the box plot model. Boxes cover the middle 50% of the data values,
between the 25th (q,;) and 75th (qs) percentiles, the central line being the median.

Immunoglobulin E-sensitization and the number of
cytokine-producing cells

The associations between IgE-sensitization and the num-
ber of cytokine-producing cells, before they were trans-
formed with natural logarithms, are presented in Fig. 3.
Among the sensitized children, after transformation with
natural logarithms, there was a statistically significant
positive association with the number of IL-4-producing
cells (Table 4). Adjustment for the other cytokines notably
altered the association (Table 4) and this was entirely due
to adjustment for IL-10. After adjustment for the cyto-
kines, as well as CMV and EBV seropositivity, the linear
regression coefficient (B) increased and the positive asso-
ciation between the number of IL-4-producing cells and
IgE-sensitization was statistically significant (P=0.006).
No single infection was responsible for this change; it was
rather an additive effect.

A statistically significant, positive association was
found for IgE-sensitization and the number of IL-10-
producing cells before adjustment with the other cyto-
kines, CMV and EBV. IgE-sensitization was also positively
associated with a larger number of IL-12-producing cells,
but this was not statistically significant (Table 4).

Table 4. Linear regression coefficient (B) for IFN-v, IL-4, IL-10 and IL-
12-producing cells after phytohaemagglutinin (PHA) stimulation among
IgE-sensitized and non-sensitized children

B; (95% CI) B-adj™; (95% CI)

IFN-y 0.03; (—0.47 to 0.54)
IL-4 0.29; (0.09 to 0.49)*#
IL-10 0.58; (0.10 to 1.06)"
IL-12 0.39; (0.00 to 0.79)

—0.22; (—0.72 to 0.28)
0.11; (—0.03 to 0.24)
0.03; (—0.28 to 0.35)
0.66; (—0.25 to 0.38)

*Adjusted for IFN-vy, IL-4, IL-10 and IL-12. *P=0.018, **P= <0.001.

Discussion

In this study, IgE-sensitization, the EBV/CMV serostatus
and the association of these characteristics with the
numbers of IFN-v, IL-4, IL-10 and IL-12-producing cells
were examined. We did not detect any statistically sig-
nificant associations between children with IgG anti-
bodies against EBV at 2 years of age and the investigated
cytokines. However, there was a non-statistically
significant tendency to enhanced numbers of all cyto-
kine-producing cells investigated. In contrast, CMV-
seropositive children had higher numbers of IFN-y
and lower numbers of IL-4-producing cells than their

© 2008 The Authors
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CMV-seronegative counterparts. There was an inverse
association between IgE-sensitization and EBV seroposi-
tivity and but not with CMV seropositivity.

Among the EBV-seropositive children, there was a non-
statistically significant indication of higher numbers of
IFN-v, IL-4, IL-10 and IL-12-producing cells than in their
seronegative counterparts. This is indicative of a mixed
cytokine response without clear dominance of either
Thi1-type or Th2-type of cytokines (ThO). These findings
are consistent with those seen in young adults with IM
[10]. We do not know when the seropositive children were
infected because primary EBV infections are normally
asymptomatic in young children. However, the suggestion
of a similar cytokine pattern in EBV-seropositive children
as observed in IM is intriguing. These data support the
idea that persistent viral infections may affect the immune
system for a considerable period.

Our finding that CMV-seropositive children had signif-
icantly more IFN-y-producing cells is compatible with
previous reports showing that CMV seems to induce
Th1-type cytokine responses [11]. Important sources of
IFN-y production are T-helper cells (CD4™) and NK cells,
both implicated in the defence against CMV [26]. In our
study we did not phenotype the cytokine-producing cells,
so we do not know the cellular source of the IFN-v.
Previous studies have shown that age is a very important
variable regarding lymphocyte population distribution,
both for absolute numbers and percentages [27], and that
young children in general have a larger pool of naive cells
[28]. This might be beneficial in handling early primary
virus infections.

There was a positive association between IL-4 and IgE-
sensitization which is consistent with previous studies, for
example, from Koning et al. who reported that children
with allergic asthma had a high production of IL-4
compared with non-sensitized children [29]. The sensi-
tized children had a statistically positive association to the
number of IL-10-producing cells and a non-statistically
significant indication of higher numbers of IFN-y and IL-
12-producing cells than their non-sensitized counterparts.
These findings are in agreement with what have been
reported by Aktas et al. in adults with IgE-mediated
allergy [30].

The inverse association between seropositivity against
EBV and IgE-sensitization is consistent with our previous
study [20]. The findings that EBV seropositivity has a
protective effect against IgE-sensitization while the cyto-
kine profile in those seropositive against EBV was rather
similar to that seen in the sensitized children may seem
paradoxical. However, it fits well with the recent theory
that children who will develop allergy have an immature
immune response at birth, and may need stimulants at an
early age to induce immune maturation [31, 32]. EBV
could well be one such stimulant. In contrast the high IFN-
v and low IL-4 seen in CMV-infected children should be

© 2008 The Authors

associated with reduced sensitization according to the
theory that high Thl responses are protective against
IgE-mediated allergy. Despite this, CMV alone was not
inversely associated with IgE-sensitization. However, in
our previous study, we noted that the reduced risk of being
IgE-sensitized after acquisition of EBV was enhanced by
CMYV co-infection. In this study we observed that among
the few children (9%) who were seropositive to both EBV
and CMV none were sensitized. When EBV and CMV act
together, there is a tendency that the cytokine profile
changes in direction to a theoretically protection against
sensitizations. In a study of 4 years old children, it was
shown that an increase in IgE against some allergens seen
in children who were positive against CMV alone was not
found in children positive to both EBV and CMV [14]. In
combination with the findings in our study, it indicates
that there are complex interactions, but the EBV infection
is the main protective force.

To explain the protective effect of EBV infection, we
thus speculate that it may be mediated by a general
activation, possibly followed by maturation, of the im-
mune system. It is likely that the protective effect acts
through some other mechanisms than the cytokines tested
in this study. One possibility is that EBV drives B cells to
mature more rapidly, and that a rapid maturation trans-
forms the B cells to produce IgG4 instead of IgE in small
children. IgG4 would then act as a blocking antibody
preventing the cross-linking of the IgE-sensitized mast
cells [33].

In developing countries, antibodies against EBV and
CMV are found in a majority of small children [5, 6, 34]. In
our study cohort, the prevalence of EBV and CMV was
29% and 39%, respectively. Although low in a global
perspective, it is similar to what is seen in other studies in
other westernized countries [13, 14, 35]. The cytokine data
presented here are based on in vitro PHA-activated cells.
Indeed, it would have been interesting to evaluate the
effects of other types of stimulation, but due to shortage of
cells this was not possible. Furthermore, it is important to
remember that measurements of cytokine production
following in vitro stimulation of PBMC might differ from
the actual in vivo situation. Our study was designed for
different pattern of family history of allergy and was not a
general-population-based study. As the cytokine distribu-
tions were highly skewed, the measures were transformed
to produce non-skewed distributions, so that they could
be modelled as continuous variables before statistical
analysis. We were interested in the cytokine profiles
associated with EBV and CMV serostatus, rather than
environmental exposures that might influence the risk of
these infections. Adjustment for factors, intermediate in
the causal process, may mask rather than clarify associa-
tions between infections and cytokine profiles. However,
we adjusted for environmental factors associated with
allergy in this population, and observed no associations.
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The production of one cytokine is not independent of the
other cytokines and different children have different
levels of cytokines. To adjust for the investigated cyto-
kines is to standardize for each patient and therefore we
adjusted for multiple cytokines. However, we cannot
entirely exclude the possibility that being allergic affects
the propensity for being infected with, or seropositive
against, EBV and CMV.

Our earlier published data on an inverse association
between EBV-seropositivity and sensitization [20] could
not only be explained by reduced numbers of IL-4 and
increased number of [FN-vy secreting cells. Taken together
our data suggest that the putative protective effect of an
early EBV exposure does not only operate through con-
ventional Th1-Th2 concept while CMV induced a Th1-
type of cytokine profile with significantly higher numbers
of IFN-y-producing cells in CMV-seropositive subjects.
Taken together our results indicate that co-infection with
EBV and CMV in different ways will affect the immune
system, and EBV alone and CMV and EBV together can
induce an immunological state which may be protective
against early atopy.

Acknowledgements

We want to thank the families who participated in the
study. We also thank Anna Stina Ander, Johan Berggren,
Jeanette Harrysson, Lena Jagdahl and Monica Nordlund
for assistance.

This study was financially supported by the Swedish
Research Council, Swedish Asthma and Allergy Associa-
tion, Consul Th C Berg’s Foundation, the Samariten
Foundation, Mjolkdroppen, Vardal Foundation, Heart
and Lung Foundation, Glaxo Smith Kline, Brio AB and
the Karolinska Institute. Phadia AB supplied with reagents
for plasma IgE analyses.

References

1 Wakiguchi H, Hisakawa H, Kubota H, Kurashige T. Strong
response of T cells in infants with dual infection by Epstein-Barr
virus and cytomegalovirus. Pediatr Int 1999; 41:484-9.

2 Salek-Ardakani S, Arrand JR, Mackett M. Epstein-Barr virus
encoded interleukin-10 inhibits HLA-class I, ICAM-1, and B7
expression on human monocytes: implications for immune
evasion by EBV. Virology 2002; 304:342-51.

3 Raftery MJ, Wieland D, Gronewald S, Kraus AA, Giese T,
Schonrich G. Shaping phenotype, function, and survival of
dendritic cells by cytomegalovirus-encoded IL-10. J Immunol
2004; 173:3383-91.

4 Smits HH, Hartgers FC, Yazdanbakhsh M. Helminth infections:
protection from atopic disorders. Curr Allergy Asthma Rep 2005;
5:42-50.

5 Cohen JI. Epstein-Barr virus infection. N Engl J Med 2000;
343:481-92.

~

(e}

10

11

12

15

17

18

20

21

Ghebrekidan H, Ruden U, Cox S, Wahren B, Grandien M.
Prevalence of herpes simplex virus types 1 and 2, cytomegalo-
virus, and varicella-zoster virus infections in Eritrea. J Clin Virol
1999; 12:53-64.

Aarnisalo J, Ilonen J, Vainionpaa R, Volanen I, Kaitosaari T,
Simell O. Development of antibodies against cytomegalovirus,
varicella-zoster virus and herpes simplex virus in Finland during
the first eight years of life: a prospective study. Scand J Infect Dis
2003; 35:750-3.

Calvani M, Alessandri C, Paolone G, Rosengard L, Di Caro A,
De Franco D. Correlation between Epstein Barr virus antibodies,
serum IgE and atopic disease. Pediatr Allergy Immunol 1997;
8:91-6.

Ohnishi E, Iwata T, Inouye S, Kurata T, Sairenji T. Interleukin-4
production in Epstein-Barr virus-transformed B cell lines from
peripheral mononuclear cells of patients with atopic dermatitis.
J Interferon Cytokine Res 1997; 17:597-602.

Williams H, McAulay K, Macsween KF ef al. The immune
response to primary EBV infection: a role for natural killer cells.
Br J Haematol 2005; 129:266-74.

Rentenaar RJ, Gamadia LE, van DerHoek N et al. Development of
virus-specific CD4(+) T cells during primary cytomegalovirus
infection. J Clin Invest 2000; 105:541-8.

Kallas EG, Reynolds K, Andrews J ef al. Cytomegalovirus-
specific [FNgamma and IL-4 are produced by antigen expanded
human blood lymphocytes from seropositive volunteers. Immu-
nol Lett 1998; 64:63-9.

Sidorchuk A, Lagarde F, Pershagen G, Wickman M, Linde A.
Epstein-Barr virus infection is not associated with development
of allergy in children. Pediatr Infect Dis J 2003; 22:642-7.
Sidorchuk A, Wickman M, Pershagen G, Lagarde F, Linde A.
Cytomegalovirus infection and development of allergic diseases
in early childhood: interaction with EBV infection? J Allergy Clin
Immunol 2004; 114:1434-40.

Janson C, Asbjornsdottir H, Birgisdottir A ef al. The effect of
infectious burden on the prevalence of atopy and respiratory
allergies in Iceland, Estonia, and Sweden. J Allergy Clin Immunol
2007; 120:673-9.

Bratke K, Krieghoff L, Kuepper M, Luttmann W, Virchow JC.
CD8™ T cell activation and differentiation in allergic asthma and
the impact of cytomegalovirus serological status. Clin Exp
Immunol 2007; 149:311-6.

Barton ES, White DW, Cathelyn JS et al. Herpesvirus latency
confers symbiotic protection from bacterial infection. Nature
2007; 447:326-9.

Sylwester AW, Mitchell BL, Edgar JB et al. Broadly targeted
human cytomegalovirus-specific CD4* and CD8™ T cells dom-
inate the memory compartments of exposed subjects. J Exp Med
2005; 202:673-85.

Gratama JW, Naipal AM, Oosterveer MA et al. Effects of herpes
virus carrier status on peripheral T lymphocyte subsets. Blood
1987, 70:516-23.

Nilsson C, Linde A, Montgomery SM et al. Does early EBV
infection protect against IgE sensitization? J Allergy Clin
Immunol 2005; 116:438-44.

Nilsson C, Larsson AK, Hoglind A, Gabrielsson S, Troye Blomberg
M, Lilja G. Low numbers of interleukin-12-producing cord blood
mononuclear cells and immunoglobulin E sensitization in early
childhood. Clin Exp Allergy 2004; 34:373-80.

© 2008 The Authors

Journal compilation © 2008 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-9



EBV/CMV seropositivity in early life and cytokines 9

22

23

24

25

26

27

28

29

Gabrielsson S, Soderlund A, Nilsson C, Lilja G, Nordlund M,
Troye-Blomberg M. Influence of atopic heredity on IL-4-, IL-12-
and IFN-gamma-producing cells in in vitro activated cord blood
mononuclear cells. Clin Exp Immunol 2001; 126:390-6.
Sundqvist VA, Wahren B. An interchangeable ELISA for cytome-
galovirus antigen and antibody. J Virol Meth 1981; 2:301-12.
Linde A, Andersson J, Lundgren G, Wahren B. Subclass reactivity
to Epstein-Barr virus capsid antigen in primary and reactivated
EBV infections. J Med Virol 1987; 21:109-21.

Johansson SG, Hourihane JO, Bousquet J et al. A revised
nomenclature for allergy. An EAACI position statement from
the EAACI nomenclature task force. Allergy 2001; 56:813-24.
Loenen WA, Bruggeman CA, Wiertz EJ. Immune evasion by
human cytomegalovirus: lessons in immunology and cell biol-
ogy. Semin Immunol 2001; 13:41-9.

Shearer WT, Rosenblatt HM, Gelman RS et al. Lymphocyte
subsets in healthy children from birth through 18 years of age:
the Pediatric AIDS Clinical Trials Group P1009 study. J Allergy
Clin Immunol 2003; 112:973-80.

de Vries E, de Bruin-Versteeg S, Comans-Bitter WM et al. Long-
itudinal survey of lymphocyte subpopulations in the first year of
life. Pediatr Res 2000; 47 (4 Pt 1):528-37.

Koning H, Neijens HJ, Baert MR, Oranje AP, Savelkoul HF. T cell
subsets and cytokines in allergic and non-allergic children. I.

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-9

30

31

32

33

34

Analysis of IL-4, IFN-gamma and IL-13 mRNA expression and
protein production. Cyfokine 1997; 9:416-26.

Aktas E, Akdis M, Bilgic S et al. Different natural killer (NK)
receptor expression and immunoglobulin E (IgE) regulation by
NK1 and NK2 cells. Clin Exp Immunol 2005; 140:301-9.

Kusel MM, de Klerk NH, Kebadze T et al. Early-life respiratory
viral infections, atopic sensitization, and risk of subsequent
development of persistent asthma. J Allergy Clin Immunol 2007;
119:1105-10.

Turner SW, Heaton T, Rowe J ef al. Early-onset atopy is
associated with enhanced lymphocyte cytokine responses in
11-year-old children. Clin Exp Allergy 2007; 37:371-80.
Gabrielsson S, Soderlund A, Paulie S, van der Pouw Kraan TC,
Troye-Blomberg M, Rak S. Specific immunotherapy prevents
increased levels of allergen-specific IL-4- and IL-13-producing
cells during pollen season. Allergy 2001; 56:293-300.

Martro E, Bulterys M, Stewart JA et al. Comparison of human
herpesvirus 8 and Epstein-Barr virus seropositivity among chil-
dren in areas endemic and non-endemic for Kaposi’s sarcoma.
J Med Virol 2004; 72:126-31.

Andreoni M, El-Sawaf G, Rezza G et al. High seroprevalence
of antibodies to human herpesvirus-8 in Egyptian children:
evidence of nonsexual transmission. J Natl Cancer Inst 1999;
91:465-9.



