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Background. Allergic diseases are the most prevalent chronic diseases in
the developed countries. It is believed that early allergic sensitization and
respiratory viral infections play an important role in the development of
allergic diseases and asthma.

Methods. The current study investigated the correlation between
asthma, allergy, and various markers - allergen-specific IgE, IgG4 and
IgA, ECP, IgM, and IgG antibodies against respiratory viruses hRSV and
hPIV1-4 - in blood serum samples from 80 children (mean age 5.2 years)
recruited from the Lithuanian birth cohort. Children were divided into
three groups according to their diagnosis: asthma (n = 25), allergy with-
out asthma (n = 14), and control group (n = 41).

Results. Based on retrospective data, airway infections and bronchitis
by the age of two years were associated with asthma in later childhood.
The presence of IgM and IgG antibodies against hRSV and hPIV1-4 at
the age of five years were not associated with asthma and allergy: a high
rate of persistent or past respiratory viral infections was revealed in all
three groups. Among allergic children, increased levels of allergen-spe-
cific IgE and d1-specific IgG4 were determined.

Conclusion. The current study provides new insights into the rela-
tionships between allergic sensitization and respiratory virus infections
in children.
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INTRODUCTION

individuals worldwide independently of their age
or ethnic group (1). According to the Lithuanian

Allergic diseases, including allergic asthma, are
among the most prevalent chronic diseases in
the developed countries. It is estimated that there
are approximately 300 million of asthma-affected
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Department of Statistics, the prevalence of asthma
in Lithuanian population was 2.7% (2) in 2014. It
is believed that these numbers might significantly
increase in the next few decades. Therefore, it is
of great importance to identify factors that cause
allergy and asthma in order to predict disease pro-
gress and prevent the development of new cases of
asthma.
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Acute asthma exacerbations are frequently
caused by respiratory viral infections (3) and allergic
sensitization (4). In infancy, illnesses such as bron-
chiolitis share many clinical features with acute asth-
ma, including wheezing, rapid breathing, prolonged
expiratory phase inflammation, and respiratory
compromise (4). Accumulating evidence indicates
that the aetiology of virus-induced asthma is linked
to viral respiratory infections. Respiratory viruses
are detected in the majority of asthma exacerbations
in both children (80-85%) and adults (75-80%) (1,
3, 5-7). Previous studies have shown that human
respiratory syncytial virus (hRSV), human metap-
neumovirus (hMPV), human parainfluenza virus
(hPIV), and human rhinovirus infections may be
associated with virus-induced asthma (1, 5, 6). Pol-
ymerase chain reaction (PCR) analysis revealed that
hRSV and hMPV are the most frequently detected
pathogens in children with acute wheezing: the prev-
alence of hRSV and hMPYV is similar (36% and 42%,
respectively) in children younger than 2 years of
age, but differs (27% and 66%, respectively) in older
children (1). Moreover, it was suggested that hRSV
is the dominant species detected in patients with no
history of wheezing and/or asthma, while hMPV is
dominant in patients with such a history (3). Thus,
the main causative viral agent of asthma depends on
previous illness and age. Around one-third of infants
who have acute wheezing develop recurring wheez-
ing, indicating that viral respiratory illnesses in early
life may promote asthma (6). Recently, the “two-hit”
hypothesis has been proposed, whereby viral infec-
tions promote asthma mainly in predisposed chil-
dren (1). Infants who develop virus-induced wheez-
ing episodes are at an increased risk for subsequent
asthma, although most acute wheezing illnesses in
infancy resolve with no long-term sequelae (3). In-
dicators of an increased risk for developing asthma
include wheezing episodes caused by respiratory vi-
ral infections and the development of atopic features
such as atopic dermatitis, allergen-specific IgE for
food or inhalant allergens (e.g., house dust, mites,
cat or dog dander), and blood eosinophilia (4-6). In
infancy, atopy is an important risk factor for acute
episodes of virus-induced wheezing. Once asthma
has been established, respiratory viral infections
are the most common cause of acute exacerbations,
especially in children (4). Thus, it is believed that
the main etiological causes of asthma are allergic
sensitization and acute respiratory illness. However,

the relationships between viral infections, host im-
mune response, early allergy sensitization and host
factors in the pathophysiology of asthma remain
unclear. To gain a better understanding of the de-
velopment of virus-induced asthma, it is important
to assess both the characteristics of the respiratory
viral infections and allergy-related markers.

Long-term cohort studies provide opportunities
to investigate risk factors of allergic diseases in var-
ious countries. The aim of the current study was to
investigate the links between allergy markers (the
levels of allergen-specific IgE, IgG4, IgA antibodies
and eosinophil cationic protein (ECP) in serum)
and the infectivity with viruses that cause most of
the airway infections in a group of children with al-
lergy and asthma from the Lithuanian birth cohort.
In order to evaluate the impact of respiratory viral
infections to the development of allergy and asthma
in paediatric patients, we investigated the levels of
virus-specific IgG and IgM antibodies in patients’
serum and compared these results with the data ob-
tained from the evaluation of allergic condition and
the ECP level.

MATERIALS AND METHODS

Study subjects

The study population included 80 children who were
selected from the Lithuanian birth cohort ALRI-
GEN (n = 1556), which was established as a part of
the multicentre “EuroPrevall” birth cohort including
over 12,000 newborns in nine European countries.
The “EuroPrevall” cohort was established in 2005-
2009 using a standardised approach.

Children included in this study were born in
2006 and 2007 inclusively. On the day of blood
collection, they were 4-7 years of age (mean age
5.21 years). These children were divided into three
groups according to the asthma diagnosis and their
allergic condition: the asthma group (children diag-
nosed with asthma, n = 25), the allergy group (chil-
dren sensitized to f1, d1 and/or d202 allergens and/
or having a positive skin prick test (SPT), and not di-
agnosed with asthma, n = 14) and the control group
(apparently healthy children that were neither diag-
nosed with asthma nor sensitized to any of the aller-
gens, n =41).

Each participant of the study was skin-prick test-
ed for 23 commercially available allergens and their
mixes, and the serum of each participant was tested
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for: (1) allergen-specific IgE, IgG4, (2) ECP levels,
and (3) hPIV1-4 and hRSV specific IgM and IgG.

SPTs were performed with 23 commercial al-
lergens and their mixes (D. pteronyssinus, D. fari-
nae, cat, dog, grass mix, tree pollen mix, timothy
grass, birch, mugworth, carrot, thistle, hazelnut,
buckwheat, kiwifruit, egg, peanut, milk, shrimp,
celery, apple, horse, codfish, soy) (ALK, Denmark)
according to standard protocols.

Collection of blood serum samples

Blood specimens were collected at the Children
Pulmonology and Allergology Centre of Vilnius
University Children Hospital. The study was ap-
proved by the Lithuanian Bioethics Committee
(approval No. 6B-12-306).

From each participant 4-5 ml of blood were
collected by venepuncture. Blood samples were
collected into 6 ml non-heparinised tubes (Vac-
uette Z Serum Clot Activator, Greiner Bio-one,
Austria). After coagulation, blood serum was col-
lected into 3.5 ml tubes (Rohner Tubes, Sarstedt,
Germany). Immediately after collection, the ali-
quots of serum were used to perform allergy test-
ing and the remaining samples were frozen and
stored at —-70°C for further analysis.

Detection of allergen-specific IgE, IgA and IgG4
antibodies and ECP
Blood serum from each sample was analyzed
for allergen-specific IgE antibodies to the dust
mite (d1 - Dermatophagoides pteronyssinus and
d202 - D. pteronyssinus Der p 1 protein) and hen
egg white (f1), IgA and IgG4 to d1 and f1 antigens
as well as for ECP levels by using the Phadia Im-
munoCAP assay (Phadia, Uppsala, Sweden).
Blood serum specimens with 0.35 kU/1 or high-
er levels of IgE antibodies to any of the allergens
tested were considered positive and indicative of
allergen sensitization. In the case of IgA and IgG4,
blood serum samples were considered positive
when the levels of allergen-specific antibodies
were higher than 0 kU/1. ECP levels of 13.0 ug/dl
or higher were considered positive and indicative
of increased eosinophilia.

Detection of virus-specific IgG and IgM
antibodies by ELISA

IgM and IgG antibodies against hRSV and hPIV1-
4 in blood serum specimens were detected using

commercial ELISA kits (Euroimmun, Germany)
according to the manufacturer’s protocols.

Statistical analysis

Statistical analysis was performed using Ori-
gin 8.0 statistical software. Where applicable,
the data were given as either means or geometric
means + appropriate standard deviation. The ac-
quired data were compared by either t-test (con-
tinuous parameters) or by Fisher’s exact test (cat-
egorical parameters). P values of 0.05 or less were
considered to be of statistical significance. Due
to the small sample size, more complex statistical
methods were not used.

RESULTS

Study population

A total of 1556 newborns were recruited into
the Lithuanian birth cohort in 2006-2007. At
24 months, a telephone survey was conducted to
evaluate the prevalence of allergic diseases. In to-
tal, parents of 1126 children (72.4% of the whole
cohort) completed the survey; 430 (27.6%) refused
to participate. According to the acquired data, 27
children (2.4% of those that completed the sur-
vey) had already been diagnosed with asthma at
the age of 24 months, while further 177 children
(15.7%) had had asthma-like symptoms (episodes
of wheezing, shortness of breath, or obstructive
bronchitis). Allergy was diagnosed in 118 children
(10.5% of those that completed the survey). Based
on these data, 80 participants of the Lithuanian
birth cohort were recruited into the current study.
The participants were 4-7 years old (mean age
5.21 years), 42 of 80 children (53%) were boys and
38 (47%) girls. All participants were divided into
three age- and gender-matched groups: healthy
controls (n = 41; 51.3% of all participants), asth-
ma group (n = 25; 31.2% of all participants) and
allergy group (n = 14; 17.5% of all participants) as
determined by skin prick tests and allergen-spe-
cific IgE sensitization to f1 (hen’s egg white), d1 or
d202 (house dust mite) allergens.

Based on the retrospective data, it was deter-
mined that by the age of two years, 16 children
(20% of all participants) already had asthma-like
symptoms, 35 children (43.75% of all partici-
pants) had bronchitis, and 21 children (26.25% of
all participants) had various viral respiratory tract
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infections (VRTI). Significant differences were de-
tected between the asthma group and the control
group according to these parameters (Table 1).
Both asthma-like symptoms and bronchitis were
more common among the currently asthmatic
participants (both p < 0.0001), while previous vi-
ral infections were more common in the control
group (p = 0.01). No differences were detected
between the allergy group and the control group
according to these parameters (Table 1).

Evaluation of atopy-related and virological
markers

The levels of allergen-specific IgE, IgG4 and IgA
and ECP in blood serum samples were measured in
all three groups (asthma group, allergy group, and
control group) in order to evaluate the sensitization
differences between them. In parallel with the as-
sessment of the allergic conditions, the presence of
IgG and IgM antibodies against hRSV and hPIV1-
4 in blood serum samples was also investigated.

It was determined that six out of 80 participants
(7.5%) had an allergen-specific IgE sensitization to
hen egg white (f1), 17 participants (21.3%) were
sensitized to the house dust mite D. pteronyssinus
(d1), and ten participants (12.5%) were sensitized
to D. pteronyssinus main allergen Der p 1 (d202).
Data on the allergy sensitization pattern in three
different groups are summarized in Table 2. None of
the participants of the control group had increased
levels of allergen-specific IgE, while in the allergy
group all children were sensitized to one or more
investigated allergens. In the asthma group, only
six participants (6/25, 24.0%) were sensitized to
any of the investigated allergens — one participant
was sensitized to all three allergens, one - to two
allergens and four participants had increased IgE
levels against a single allergen.

A total of 31 participant of the study (38.75%)
had increased ECP levels. Due to great variation
in ECP levels (47.14 + 56.73 pg/dl in the control
group, 53.88 + 81.71 pg/dl in the asthma group,
and 44.88 + 29.22 pg/dl in the allergy group),
the geometric mean of this parameter was ana-
lysed. It was demonstrated that the overall ECP
levels were below the cut-off positive value for
all three groups (11.31 * 3.33 pg/dl in the control
group, 7.18 + 2.60 pg/dl in the asthma group, and
12.08 + 3.35 pg/dl in the allergy group). How-
ever, the levels of increased ECP differed signif-
icantly between the groups as compared to ap-
parently healthy children: the asthmatic children
had lower ECP levels (28.11 + 3.02 pg/dl versus
31.21 + 2.27 ug/dl; p = 0.017), while the allergic
children had higher ECP levels (39.08 + 1.73 pg/dl
versus 31.21 + 2.27 ug/dl; p < 0.0001). These find-
ings can be partly explained by a high number of
apparently healthy controls with elevated ECP
levels.

Analysis of allergen-specific 1gG4 levels in
blood serum revealed that while the control and
the two atopic groups did not differ according to
t1-specific IgG4 levels (5.26 + 6.41 kU/l in the con-
trol group, 4.95 + 4.67 kU/I in the asthma group,
and 7.06 + 8.30 kU/l in the allergy group; p > 0.1),
there was a significant increase in d1-specific IgG4
levels among the allergic participants as compared
to the healthy controls (0.49 + 0.37 kU/I versus
0.19 +0.11 kKU/I; p < 0.0001) (Table 2).

None of the participants of the current study
were positive for fl-specific IgA antibodies. How-
ever, a nearly significant decrease in the levels
of dI-specific IgA among the asthmatic children
was determined (1.25 + 0.19 kU/1 as compared to
1.48 + 0.43 kU/I in the control group; p = 0.07).
Similar decrease in dl-specific IgA levels was

Table 1. Characterization of the participants of the current study (N = 80)

Control group | Asthma group Allergy group
P P

(n=41) (n=25) (n=14)

Boys 21 (51.2% 14 (56.0% 7 (50.0%
y (51.2%) (56.0%) 0.80 (50.0%) ) g9

Girls 20 (48.8%) 11 (44.0%) 7 (50.0%)
Age (yrs; mean £ SD) 5.32 £0.69 5.08 £0.70 0.18 5.57 £0.76 0.25
Asthma-like symptoms by 2 yrs. 1(2.4%) 15 (60.0%) <0.0001 0 0.99
Bronchitis by 2 yrs 11 (26.8%) 21 (84.0%) <0.0001 3(21.4%) 0.99
VRTI by the age of 2 yrs 15 (36.6%) 2 (8.0%) 0.01 4 (28.6%) 0.75
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Table 2. The levels of allergen-specific IgE, IgG4, and IgA antibodies and ECP among the participants of three dif-

ferent study groups (N = 80)

Control group (n=41) | Asthma group (n = 25) Allergy group (n = 14)
Positive | Mean + SD Positive Mean = SD P Positive Mean = SD P

IgE f1,

iU I 0 - 2(8.0%) | 1.12+0.04 | n/a | 4(28.6%) | 0.43 +0.07 n/a

IgE

d202, 0 - 2 (8.0%) 5.05+1.53 n/a 8 (57.1%) | 26.56 +41.02 n/a

ku/l
IgE d1, . .

s 0 - 5(20.0%) | 2.37+1.45 | n/a | 12(85.7%) | 29.38 +36.28 | n/a

ECP,

pg/dl* 20 (48.7%) | 31.21+£2.27 | 5(20.0%) | 28.11 £3.02 | 0.017 | 6(42.9%) 39.08 +1.73 | <0.0001

IgG4

di1, 38(92.7%) | 0.19+0.11 | 25(100%) | 0.25+0.17 | 0.12 | 14 (100%) 0.49 £0.37 | <0.0001

ku/l
IgG4 f1,

KU/l 36 (87.8%) | 5.26 £6.41 | 22 (88.0%) | 4.95 +4.67 0.84 14 (100%) 7.06 = 8.30 0.42
IgA dl, 0 0 0

w1 (46.3%) | 1.48 +0.43 | 11 (44.0%) | 1.25+0.19 | 0.07 | 6(42.9%) | 1.24+0.20 0.15
IgA f1,

iU/l 0 - 0 - n/a 0 - n/a

n/a - not applicable; * geometric mean and standard deviation

observed in the allergy group (1.24 + 0.20 kU/I),
but the difference was found to be insignificant
due to small number of IgA-positive children
(n=6;p=0.15).

Serologic tests revealed that all three study
groups were similar in terms of previous viral in-
tections as determined by virus-specific IgG and
IgM levels in blood serum samples (Table 3) and
no significant differences were detected. It was
found that 65 children (94.2% of all participants)
were positive for IgG against hRSV and 57 children

(89.1%) were positive for IgG against hPIV1-4.
Furthermore, serologic tests revealed that five
children (8.2%) had IgM antibodies against hRSV
and 22 children (36.1%) had IgM antibodies
against hPIV1-4, which indicates acute viral in-
fections (Table 3).

DISCUSSION

The burden of allergic diseases is increasing and asth-
ma alone affects ~300 million people worldwide (1).

Table 3. The prevalence of hRSV or hPIV1-4 specific IgM and IgG antibodies in serum samples of the participants

of three different study groups (N = 80)

Control group (n = 41)

Asthma group (n = 25)

Allergy group (n = 14)

Positive | Negative Positive | Negative ® Positive | Negative »
hRSV IgG’ 34 (94.4%) 2 22 (91.7%) 2 0.99 9 (100%) 0 0.99
hPIV1-41gG" 27 (81.8%) 6 23 (95.8%) 1 0.22 7 (100%) 0 0.57
hRSV IgM’ 2(6.7%) 30 2 (10.0%) 18 0.63  1(11.1%) 8 0.53
hPIVI-4IgM" 10 (32.3%) 21 9(39.1%) 14 0.77  3(42.8%) 4 0.67

* Serum samples with non-informative results (the antibody titer is borderline as compared to the calibration sample and no

conclusive results can be made) were excluded from each test.
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It is believed that viral respiratory tract infections
and IgE-specific allergies in cooperation may in-
crease the risk of asthma onset by magnifying
the sensitivity of the asthmatic respiratory tract
to environmental allergens (6, 8). In the current
study, we have analysed potential allergy and asth-
ma risk factors in the group of children (mean age
5.21 years) recruited from the Lithuanian birth
cohort.

Previous studies have demonstrated that
hRSV-induced respiratory tract infections may be
the risk factor for the development of asthma in
later life (1, 9-14), but it is not known whether
hRSV acts as a disease-causing agent in the de-
velopment of asthma or it just reinforces the oc-
currence of first asthma symptoms (9, 15). Based
on retrospective data, we have demonstrated
that healthy children and those currently diag-
nosed with asthma differed according to previ-
ous respiratory infections (VRTI) and bronchitis
at the age of two years. Previous bronchitis was
more common among the currently asthmatic pa-
tients than among the apparently healthy children
(84.0% and 26.8%, respectively). Curiously, previ-
ous VRTTI at the age of two years showed a lower
rate among the currently asthmatic as compared
to healthy children (8.0% and 36.6%, respective-
ly) according to the telephone survey data. Since
bronchitis may be caused by viruses (16), it is
possible that the observed tendency shows not
the raw occurrence of viral infections, but the pat-
tern of viral infections transitioning into bronchi-
tis among the asthmatic children.

In contrast to the survey data, no association
between asthma and respiratory virus infections at
the age of five years was detected (p > 0.05), possi-
bly due to high infectivity rate in all three studied
groups of children (asthma group, allergy group
and control group) as confirmed by the presence
of virus-specific IgG in blood serum samples. This
lack of difference between the groups might be
explained by preschool attendance, where viral
transmission occurs easily due to a high number
of interacting children (17). Based on data from
the Lithuanian Department of Statistics (2), dur-
ing the time of the telephone survey at two years,
preschool attendance among the 1-3-year-old
children was 35%, while during the data acquisi-
tion step of this study (2011-2013) the preschool
attendance among the 3-6-year-old children in-

creased to 85%. This might explain the significant
difference in VRTI and bronchitis frequency at
the age of two years and the lack of significance in
the prevalence of virological serum markers at age
of five years.

Previous studies have detected associations
between increased serum ECP levels and air-
way inflammation (18, 19), therefore this marker
may be used to assess the severity of asthma (20).
However, we found increased ECP levels across
all three study groups - asthmatic, allergic, and
apparently healthy children. We assume that oth-
er health conditions - e.g., bacterial or rhinovi-
rus infections (20) - might cause the increase of
this inflammation-related marker among children
with high preschool attendance.

Allergic inflammation is mainly associated
with increased IgE levels; however, studies have
shown that serum IgG4 and IgA levels may also
provide valuable information about the severity of
the disease (21, 22). We found that among allergic
non-asthmatic children, increased allergen-spe-
cific IgE levels correlate with increased IgG4 levels
in the case of the house dust mite (d1 antigen).
However, in the case of egg white (f1 antigen) no
such correlation was detected. Increased IgG4
levels to harmless inhalant allergens may be in-
dicatory of an additional non-IgE-dependent al-
lergic sensitization mechanism that may increase
the risk of allergy progression to asthma (23). No
association between the presence of allergen-spe-
cific IgE and asthma was detected among the asth-
matic children because we found that only six of
25 asthmatic children had an IgE-dependent sen-
sitization to any of the investigated allergens, pos-
sibly hinting at non-classic, i.e., non-allergic phe-
notype of their asthma. Only a few participants of
our study were positive for either f1- or d1-specific
IgA, therefore no conclusive associations between
allergen-specific serum IgA levels and either asth-
ma or allergy may be made.

CONCLUSIONS

The current study provides insights into the asso-
ciations between allergy sensitization, respiratory
virus infections, and the progression of allergy and
asthma in the Lithuanian birth cohort. Analysis of
allergy-related markers in three study groups re-
vealed significantly higher levels of allergen-specific
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IgE among allergic non-asthmatic children as
compared to healthy controls. In addition, the al-
lergy group was characterized by significantly
higher levels of d1-specific IgG4 antibodies that
might be indicative for an increased risk of de-
veloping asthma. Based on the retrospective data,
viral respiratory tract infections and bronchitis by
the age of two years were determined to be asso-
ciated with asthma in later childhood (at the age
of five years). However, the infection with hRSV
and hPIV1-4 as determined by the presence of
virus-specific IgG and IgM antibodies in blood
serum was found to be not associated with asth-
ma and allergy at the age of five years, possibly
due to a high infectivity rate in all three study
groups.
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Aurelija Zvirbliené

ALERGINIO [SIJAUTRINIMO IR VIRUSINIU
INFEKCIJU ZYMENU TYRIMAI ALERGIJA IR
ASTMA SERGANCIU VAIKU GRUPEJE

Santrauka

Ivadas. Alerginés ligos — vienos i$ labiausiai paplitusiy
létiniy ligy iSsivysciusiose Salyse. Manoma, kad aler-
ginis jsijautrinimas ir virusinés infekcijos ankstyvame
amziuje yra svarbiis alerginiy ligy ir astmos vystymosi
veiksniai.

Metodika. Tirtos sasajos tarp astmos, alergijos ir
jvairiy veiksniy - alergenams savity IgE, IgG4 ir IgA,
ECP, IgM ir IgG antikiany prie$ kvépavimo taky viru-
sus hRSV ir hPIV1-4 - 80 vaiky (amziaus vidurkis 5,2
mety), atrinkty i§ Lietuvos naujagimiy kohortos, kraujo
serumo méginiuose. Vaikai buvo suskirstyti j tris grupes
pagal diagnoze: astma (n = 25), alergija be astmos simp-
tomy (n = 14) ir kontroliné grupé (n = 41).

Rezultatai. Retrospektyviniai duomenys parodé,
kad kvépavimo taky infekcijos ir bronchitas dvejy mety
vaikams buvo susije su astmos rizika vélesniame amziu-
je. IgM ir IgG klasés antikiiny pries hRSV ir hPIV1-4
buvimas penkeriy mety vaiky kraujo serume nebuvo
susijes su alergija ir astma: visose trijose grupése buvo
nustatytas aukstas létiniy ar buvusiy kvépavimo taky
virusiniy infekcijy daznis. Alergisky vaiky grupéje nu-
statytas padidéjes alergenams savity IgE antikiny ir dl
savity IgG4 antikany lygis.

I$vada. Sis tyrimas suteikia naujy duomeny apie
sgsajas tarp vaiky alerginio jsijautrinimo ir kvépavimo
taky virusiniy infekcijy.

Raktazodziai: alergijos Zymenys, Zmogaus kvépavi-

mo taky virusai, astma, alergija, naujagimiy kohorta



