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Abstract: Previous studies have shown that immunization within the first hours/days after birth
promotes the shift from the intrauterine Th2 immune response toward the Thl immunity resulting
in lower risk of developing allergic diseases. We are currently conducting a prospective cohort study
among 307 participants divided into groups based on their TB and hepatitis B vaccination status
(vaccinated at birth, within the first 12 months of life or unvaccinated) and also based on whether
the participants had factors contributing to the development of allergic diseases. In each group we
assessed the fact of primary diagnosis of atopic dermatitis at 12 and 18 months of age. It was
demonstrated that atopic dermatitis (AD) was diagnosed from birth to 12 months of age much less
frequently in those infants who had received the tuberculosis (TB) vaccine from day 3 to day 7 and
hepatitis B vaccine within the first 24 hours of birth, including newborns with a high risk of
developing allergic diseases. The probability of onset of AD at 12 and 18 months was also lower in
timely vaccinated children, even though a burdened allergic anamnesis starts playing a more central
role in development of AD at this age. Our findings testify to the fact that timely BCG-M and
hepatitis B vaccination can produce a protective effect against the onset of AD, yet this effect
diminishes with aging.
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Introduction

Over the past few decades in developed countries we see an inexplicably growing incidence of
allergic diseases characterized as the “allergy epidemic”. In particular, global incidence of AD,
especially in industrially advanced countries, has grown 2-3-fold — AD is diagnosed in 15-20% of
children and in 1 to 3% of adults worldwide [1]. The onset of the disease most often occurs before the
age of 5, and early diagnosis and treatment are critically important for prevention of AD
complications and improvement of the quality of life [2].

At the same time the comprehensive immunization coverage increased in order to reduce the
communicable diseases morbidity and mortality, which resulted in an assumption that some vaccines
might increase the risk of developing allergic diseases in children. Immunization is generally
recognized as one of the most important achievements of public health saving millions of lives every
year [3,4]. Only during the first decade of the 20t century the measles, polio and diphtheria, tetanus
and pertussis vaccines annually prevented approximately 2.5 million additional deaths in children of
first 5 years of life. The growth of measles vaccination global coverage which continued in early 21+
century resulted in reducing measles deaths by 83% between 2000 and 2021 thus preventing in total
up to 55.8 million deaths [4,5]. It should be noted that the greatest expansion of routine immunization
programmes, also due to successes in development of new types of vaccines, started from 1990s when
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hepatitis B, rubella, Haemophilus influenzae type b and other vaccines were introduced. All this
favors an active discussion of whether a ubiquitous growth of incidence of allergic diseases is
possibly the price we pay for preventing higher incidence of communicable diseases.

The science data we currently have both confirm and negate the association between vaccination
and allergic diseases [6-10].

To substantiate such direct association, some researchers suggest the hygiene hypothesis based
on which each case of acute infection a child has had supposedly promotes the reduction of risk of
allergic diseases in that child [11]. Which may lead us to the conclusion that a major increase in
prevalence of various clinical forms of allergic diseases that we see over the past two decades is
caused by changes in the environment due to improved hygiene and lower incidence of childhood
infections that are being prevented mostly by paediatric vaccination [12].

On the other hand, the best evidence of lack of any association between routine immunization
and allergies was obtained as a result of a Swedish double-blind study of pertussis vaccination of
9,289 children - the study did not find any association between vaccination against pertussis and
development of bronchial obstruction, eczema and pollinosis [9,10].

The goal of the Tasmanian Longitudinal Health Study (TLHS), a population-based cohort study
in children and adults aged 7 to 44, was to look for any association between child immunization and
bronchial asthma (BA) and other allergic diseases [13]. Based on study results, no connection was
found between any childhood vaccine (diphtheria, tetanus, pertussis, polio, smallpox vaccines) and
diagnosing BA, food allergy or pollinosis in the study participants at age 44.

Among the first immunoprophylactic vaccines administered to neonates in some countries in
the first days of life are hepatitis B and TB vaccines. As part of the national immunization schedule
in the Russian Federation the BCG-M vaccine against tuberculosis is to be given on day 3 to 7 of life,
and the hepatitis B vaccine is to be given within 24 hours of birth [14]. Not only the BCG vaccine is
meant to protect against the severe forms of tuberculosis, but it also produces a non-specific effect on
the immune system [15]. These vaccination effects are explained by the so called BCG-trained
immunity when various types of epigenetic modifications occur at binding of the vaccine with NOD-
2 macrophage receptors, including the DNA modifications non-coding the RNA, histone
modifications and chromatine remodeling [16]. All this leads to changes in cell metabolism,
regulation of development of monocytes, macrophages and other cells of the trained innate
immunity. These processes are most prominent during the first weeks of the child’s life when after
vaccination the immune response shifts from Th2-type to predominantly Thl-type cell response.

An unpredictable additional protective effect of mass administration of BCG vaccine was
described in early 2020 in the period of spread of the first wave of the novel coronavirus infection
SARS-CoV-2 (the initial, ancestor Wuhan strain SARS-CoV-2). When studying the epidemiology of
COVID-19 it was noticed that in the countries with the highest incidence of COVID-19 the population
was not given the BCG vaccine [17,18]. In particular, after analyzing the relationship between the
incidence of COVID-19 and the results of implementation of national BCG immunization schedules
in 178 countries around the world, American researchers hypothesized there was a protective effect
of the BCG vaccine and discovered that in countries with the existent routine immunization against
TB the SARS-CoV-2 incidence and death rate were lower [19]. In spring 2020 a list of epidemiological
studies was published demonstrating the protective effect of the fact of population being immunized
by the BCG vaccine that helped reduce COVID-19 morbidity and mortality in various countries
around the globe [20-22].

The key goal of our study was to investigate whether the vaccination of infants against TB (with
BCG-M) and hepatitis B may play a role in development of atopic dermatitis being one of the most
common clinical forms of allergic diseases.

To obtain the most valid results we believe it necessary to take into consideration the factors
predisposing to early onset of atopic dermatitis, such as a burdened family history of allergic diseases,
mother taking antibiotics during pregnancy or antibiotics given to the neonate after birth and delay
in breastfeeding initiation [23,24].
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Materials and Methods

Participants and Data

We are conducting a prospective observational cohort study in 307 children born in the same
period (in April-June 2021) residing in the same part of Moscow and being monitored at children’s
municipal outpatient clinic No. 133 of the Department of Health of the city of Moscow. We are
planning an 18-year follow-up (the first checkpoint is at 18 months and then at the age of 3). The
study design is described in Figure 1.

All study participants have the same level of access to care and same quality of care. After
discharge from the maternity hospital a paediatrician examines the neonates twice at their home, this
is why in children’s medical records there is information on family history as well as social and living
conditions.

Based on current Russian law during their first year all infants are entitled to state-funded
preventive monthly well-child visits and checkups by a paediatrician and specialty physicians (based
on decreed schedule as shown in Figure 2) for assessment of their growth and psychomotor
development, nutritional and general health status and also for immunization. The participants of
our study went to the children’s municipal outpatient clinic for routine well-child checkups by a
paediatrician at least once every three months.

The study participants between 12 and 23 months of age had well-child visits with a
paediatrician at least twice during the year, their health status was evaluated and routine
immunization was performed. 12 participants dropped out of the study during the first year of
follow-up due to relocation, and 8 participants dropped out by the age of 18 months.

[ Infants born from April through June 2021 (N = 307) ]

Inclusion criteria:

® Consent obtained from child representatives
® Infants receiving care at Moscow children’s municipal outpatient clinic No.133
e Born after 35 weeks’ gestation
® No medical contraindications for vaccination at birth
® No permanent vaccine exemption
Vaccinated at birth: Vaccinated in first 12 Unvaccinated :
® BCG-M, n=231 months: ® BCG-M,n=14
® Hepatitis B vaccine, n = 204 ® BCG-M, n =50 ® Hepatitis B vaccine,
® Both vaccines, n = 203 ® Hepatitis B vaccine, n = 69 n=22
Evaluation of risk factors for allergic diseases:
Family history of allergies, mode of child delivery, breastfeeding initiation time,
antibiotic treatment during pregnanacy
l Assessment of children for presence of allergies
Follow-up time points:
3 months, 6 months, 9 months, 12 months, 18 months, 24 months, 36 months

[ ]

295 287
particinants participants

Figure 1. Study design.
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Figure 2. Schedule of well-child visits and chekups .

Analysis of medical records and documents (vaccination certificate, maternity hospital
discharge document, records of child examination by physicians) was performed based on data
copied from the Unified Medical Information and Analysis System (EMIAS) functioning in Moscow
where all medical data on all children residing in Moscow is entered. Due to this system any loss of
results or their misinterpretation is absolutely impossible. Data from obstetric histories and family
health histories, social and living conditions, vaccination status, results of actual examination of a
child as well as final medical reports by paediatrician and specialty physicians were analized.

In order to consider a possible effect of the first TB and hepatitis B vaccination all study
participants were divided into 3 groups:

1.  Vaccinated at birth (with BCG-M, hepatitis B vaccine or both). Vaccination was considered

timely if it was performed within time limits specified in the National Immunization Schedule;
2. Vaccinated in a catch-up mode in the first year of life (with BCG-M, hepatitis B vaccine or both);
3. Unvaccinated in the first year of life.

In each group children were subdivided into 2 subgroups depending on whether they had any
factors predisposing for development of allergic diseases: children without the risk of allergic
disorders and children with the risk of allergic disorders.

The following were considered to be the risk factors for development of allergic diseases:

Cesarean birth;

antibiotic treatment of the mother during pregnancy or antibiotic treatment of the neonate
during first week of life;

late breastfeeding initiation (more than 30 minutes after birth);

allergic diseases in nearest relatives (a burdened family history).

The clinical endpoint of the study was the fact of primary diagnosis of AD made by the moment
of assessment of the patients’ medical data performed at 12 and at 18 months. Atopic dermatitis was
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diagnosed based on clinical findings and medical history in conformity with international and
national clinical guidelines, such diagnosis being based on relevant ICD-10-CM codes.

Ethical Considerations

Considering that by design this study is characterized as a completely non-interventional
observational prospective study in which the subject of research is medical documentation and the
study objectives include analysis of depersonalized data, expert examination of the study protocol
by the ethics committee was not performed.

Eligibility Criteria

Inclusion criteria:

e consent obtained from parents or legal representatives;
infants born from April through June 2021, residing in the area near Moscow children’s
municipal outpatient clinic No.133 to which they are assigned and being permanently monitored
at the said clinic;
infants having no absolute medical contraindications for vaccination;
infants having no reasonable temporary medical contraindications for vaccination at birth;
infants born after 35 weeks’ gestation.

Exclusion criteria:

e  change of health facility to which a child is assigned to;
e  withdrawal of consent by the child’s representatives at any phase of the study.

Data Analysis and Statistics

Statistical analysis was performed using the Analysis ToolPak of Microsoft Office Excel 2010.

Categorical data were described in absolute values and percentages. Comparison of percentages
in analysis of multi-way contingency tables (cross tabulation) was performed using the Pearson Chi-
Square test, and in analysis of confusion matrices the Fisher’s exact test was used. P-values less than
0.05 were considered statistically significant at CI=95%.

Results

From April through June 2021 a total of 307 children were included in the study. Characteristics
of the study participants based on gender, vaccination status, presence of burdened history of allergic
diseases and onset of AD are shown in Table 1.

155 boys and 140 girls participated in the study. One third of the study participants (n=93; 31.5%)
had established risk factors for development of allergic diseases.

We discovered an insufficient TB and hepatitis B vaccination coverage in infants in their first
year of life. In particular, 231 infant (78.3%) received the TB vaccine and 204 neonates (69.2%) received
a hepatitis B vaccine at the maternity hospital. Only 203 study participants (68.8%) received both
vaccines timely. In the first year of life in the framework of catch-up vaccination 50 infants (16.9%)
received the BCG-M vaccine and 69 infants (23.3%) started their hepatitis B vaccination. By 12 months
14 infants (4.7%) had not received a TB vaccine, 22 infants (7.5%) had not received a single dose of
hepatitis B vaccine and 14 infants (4.7 %) had not been vaccinated against both infections.

By 18 months AD was diagnosed in 93 children (32.4%). Among them 73 study participants
(78.5%) had the onset of atopic dermatitis in their first year of life — 34 of them (46.6%) had risk factors
for allergies. In 20 study participants (21.5%) the onset of AD was between 12 and 18 months of age
and all of them (100%) were from the high risk group.
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Table 1. The study participant characteristics.

Number of subjects (absolute / %)

Boys / Girls 155/140 52.5%/47.5%
Having risk factors for development of AD 93 31.5%
BCG-M given at the maternity hospital 231 78.3%
Hepatitis B vaccine (V1, or 1%t dose) given at the 204 69.2%
maternity hospital

Both vaccines given at the maternity hospital 203 68.8%
BCG-M given in the first year of life 50 16.9%
Hepatitis B vaccine (V1, or 1%t dose) given in the 69 23.3%

first year of life

BCG-M unvaccinated 14 4.7%
Hepatitis B (V1, or 1%t dose) unvaccinated 22 7.5%

Onset of AD before 12 months of age 73 (34) 24.7% (46.6%)
(and percentage of infants with risk factors)

Onset of AD between 12 and 18 months of age (and 20 (20) 6.8% (100%)

percentage of infants with risk factors)

In Table 2 you see the data on infants with the onset of AD by 12 months depending on whether
and when they had been vaccinated against TB and hepatitis B and based on whether they had any

risk factors for allergic diseases.

Table 2. Distribution of study participants depending on vaccination time and type, on presence of

risk factors for allergic diseases and onset of AD by 12 months, n=295.

2A. TB vaccination

TB vaccination status, all Atopic dermatitis P-value
infants With AD (n/%) Without AD (n/%)
Vaccinated at the maternity =~ 35/231 15.2% 196/231 84.8%
hospital

- <0.01
Vaccinated later 33/50 66% 17/50 34%
Unvaccinated 5/14 35.7% 9/14 64.3%
TB vaccination status, Atopic dermatitis P-value
infants with risk for With AD (n/%) Without AD (n/%)

allergic diseases

Vaccinated at the maternity ~ 11/61 18% 50/61 82%

hosp.ltal <0.01
Vaccinated later 18/24 75% 6/24 25%

Unvaccinated 5/8 62.5% 3/8 37.5%

TB vaccination status, Atopic dermatitis P-value

infants with no risk for
allergic diseases

With AD (n/%)

Without AD (n/%)

Vaccinated at the maternity =~ 24/170 14.1% 146/170 85.9%
hospital

Vaccinated later 15/26 57.7% 11/26 42.3%
Unvaccinated 0/6 0% 6/6 100%
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Hepatitis B vaccination Atopic dermatitis P-value
status, all infants With AD (n/%) Without AD (n/%)
Vaccinated at the 36/204 17.6% 168/204 82.4%
maternity hospital 0.043
Vaccinated later 31/69 44.9% 38/69 55.1% ’
Unvaccinated 7/22 31.8% 15/22 68.2%
Hepatitis B vaccination Atopic dermatitis P-value
status, infants with risk With AD (n/%) Without AD (n/%)
of allergic diseases
Vaccinated — at - the ) 24.0% 38/50 76.0%
maternity hospital <0.01
Vaccinated later 17/34 50.0% 17/34 50.0% ’
Unvaccinated 4/9 44.4% 5/9 55.6%
Hepatitis B vaccination Atopic dermatitis P-value
status, infants with no With AD (n/%) Without AD (n/%)
risk for allergic diseases
i h
Vaccnated — at - the )5 15.6% 130/154 84.4%
maternity hospital .
Vaccinated later 14/35 400% 21/35 60.0%
Unvaccinated 3/13 23.1% 10/13 76.9%
2C. TB and hepatitis B vaccination
TB and hepatitis B Atopic dermatitis
vaccination  status, all With AD (n/%) Without AD (n/%) P-value
infants
Both vaccines  given in 53,5 16.3% 170203 83.7%
maternity hospital <0.01
At least‘ one VaCFine givenin 6/30 20.0 % 24/30 80.0% ’
maternity hospital
No vaccination available in
. . 35/62 56.5% 27/62 43.5%
maternity hospital
Tb  and  hepatitis B Atopic dermatitis
vaccination status, infants With AD (n/%) Without AD (n/%) P-value
with risk for allergic
diseases
Both vaccines * given in g 20.8% 38/48 79.2%
maternity hospital
At least. one vaccine given in 3/15 20.0% 11/15 80.0% «0.01
maternity hospital
No vaccination available in
. . 21/30 70.0%% 9/30 30.0%
maternity hospital
TB  and  hepatitis B Atopic dermatitis
vaccination status, infants With AD (n/%) Without AD (n/%) P-value
with no risk for allergic
diseases
Both vaccines given in 5,5 14.8% 132155 85.2%
maternity hospital
Atleast one vaccinegivenin o 11.1% 16/18 88.9% <0.01
maternity hospital
No vaccination available in
14/29 48.3% 15/29 51.7%

maternity hospital
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AD was diagnosed in the first year of life in 35 study participants (15.2%) who had received the
BCG-M vaccine on day 3 to 7 after birth, in 33 infants (66%) vaccinated later and in 5 infants (35.7%)
unvaccinated against TB. In the subgroup of infants with risk factors for development of allergic
diseases AD was diagnosed in 11 infants (18%) BCG-M-vaccinated at the maternity hospital, in 18
infants (75%) vaccinated in their first year of life and in 5 infants (62.5%) unvaccinated with BCG-M
in their first year of life. In the subgroup of infants having no risk factors for allergic diseases AD was
diagnosed in 24 infants (14.1%) who had received the TB vaccine at the maternity hospital and in 15
infants (57.7%) vaccinated during their first year of life. Among infants with established AD diagnosis
and without a burdened history of allergic diseases there were no infants who had not received the
BCG-M vaccine. Data on prevalence of AD depending on BCG-M vaccination status is given in Table
2A and in Figure 3.

Vaccinated at the
maternity hospital

Vaccinated later

Unvaccinated

= General | =' High risk group = No risk group

Figure 3. Atopic dermatitis prevalence in the first year of life depending on BCG-M vaccination status
and presence of risk factors for allergic diseases, % (n=295).

AD was diagnosed in the first year of life in 36 study participants (17.6%) vaccinated against
hepatitis B within 24 hours of birth, in 31 infant (44.9%) vaccinated later and in 7 unvaccinated infants
(31.8%). In the subgroup of infants having risk factors for developing allergic diseases AD was
diagnosed in 12 infants (24%) vaccinated at the maternity hospital, in 17 infants (50%) vaccinated in
their first year of life and in 4 infants (44.4%) who had not received the hepatitis B vaccine. In the
subgroup of infants having no risk factors for allergic diseases AD was diagnosed in 24 infants
(15.6%) vaccinated at the maternity hospital, in 14 infants (40.0%) vaccinated in their first year of life
and in 3 infants (23.1%) who had not been vaccinated against hepatitis B. Data on prevalence of AD
depending on hepatitis B vaccination status is shown in Table 2B and in Figure 4.


https://doi.org/10.20944/preprints202306.0252.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 June 2023 doi:10.20944/preprints202306.0252.v1

Vaccinated at the :
maternity hospital _ 24
I 156

I <o
Vaccinatedlater — o
I 40

Unvaccinated >

Figure 4. Prevalence of atopic dermatitis in the first year of life depending on hepatitis B vaccination
status and presence of risk factors for allergic diseases, % (n=295).

AD was diagnosed in the first year of life in 33 infants (16.3%) timely vaccinated with both
vaccines, in 6 infants who had received at least one of the vaccines at the maternity hospital, and in
35 (56.5%) infants who had not been vaccinated at the maternity hospital with either vaccine. In the
subgroup of infants having risk factors of allergic diseases AD was diagnosed in 10 infants (20.8%)
vaccinated against both infections at the maternity hospital, in 3 infants (20.0%) who had received at
least one vaccine on time, and in 21 infant (70.0%) not vaccinated at the maternity hospital. In the
subgroup of infants having no risk of allergic diseases AD was diagnosed in 23 infants (14.8%)
vaccinated at the maternity hospital with both vaccines, in 2 infants (11.1%) vaccinated with at least
one vaccine and 14 infants (48.3%) who had not received any vaccines. Data on prevalence of AD
depending on TB and hepatitis B vaccination status is shown in Table 2C and in Figure 5.

B 63

Vaccinated at the maternity hospital _ 20.8

I 148

Incompletely vaccinated at the _ 20

maternity hospital _ 20
I 112

I 565
Unvaccinated at the maternity
; — 7o
hospital
P 483

Figure 5. Prevalence of atopic dermatitis in the first year of life depending on timeliness of TB and
hepatitis B vaccination and presence of risk factors for allergic diseases, % (n=295) .
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Table 3 contains data of 18 months old patients with confirmed diagnosis of AD depending on
whether and when they had been vaccinated against TB and hepatitis B and on presence of any

predisposing factors of allergies.

Table 3. Distribution of study participants depending on time and type of vaccination and on
presence or absence of risk factors for development of allergic diseases and onset of AD by 18 months,

n=287.

3A. Tuberculosis vaccination

TB vaccination status,

Atopic dermatitis

all infants With AD (n/%) Without AD (n/%) P-value
Vaccinated at the maternity =~ 52/225 23.1% 173/225 76.9%
hospital <0.01
Vaccinated later 35/49 71.4% 14/49 28.6% ’
Unvaccinated 6/13 46.2% 7/13 53.8%
TB vaccination status, Atopic dermatitis
infants with risk of allergic With AD (n/%) Without AD (n/%) P-value
diseases
Vaccinated at the maternity =~ 26/59 44.1% 33/59 55.9%
hospital <0.01
Vaccinated later 20/24 83.3% 4/24 16.7% ’
Unvaccinated 5/7 71.4% 2/7 28.6%
TB vaccination status, Atopic dermatitis
infants with no risk of With AD (n/%) Without AD (n/%) P-value
allergic diseases
Vaccinated at the maternity ~ 26/166 15.7% 140/166 84.3%
hospital .
Vaccinated later 15/15 100,0% 0/15 0%
Unvaccinated 1/6 16.7% 5/6 83.3%

3B. Hepatitis B vaccination
Hepatitis B vaccination Atopic dermatitis P-value
status, all infants With AD (n/%) Without AD (n/%)
Vaccinated at the 43/198 21.7% 155/198 78.3%
maternity hospital <0.01
Vaccinated later 34/68 50.0% 34/68 50.0% '
Unvaccinated 10/21 47.6% 11/21 52.4%
Hepatitis B vaccination Atopic dermatitis
status, infants with risk With AD (n/%) Without AD (n/%) P-value
of allergic diseases
Vacdnated —at the 5, 52.1% 23/48 47.9%
maternity hospital .
Vaccinated later 21/34 61.8% 13/34 38.2%
Unvaccinated 7/8 87.5% 1/8 12.5%
Hepatitis B vaccination Atopic dermatitis
status, infants with no With AD (n/%) Without AD (n/%) P-value
risk of allergic diseases
Vaccnated — at - the g4 12.0% 132/150 88.0%
maternity hospital «0.01
Vaccinated later 13/34 38.2% 21/34 61.8%
Unvaccinated 9/13 69.2% 4/13 30.8%
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3C. TB and hepatitis B vaccination

Atopic dermatitis

TB and hepatitis B P-value
vaccination status, all With AD (n/%) Without AD (n/%)
infants
Both vaccines  given in ;g7 22.3% 153/197  77.7%
maternity hospital
At least‘ one VacF:lne given in 8/31 25.8% 23/31 7499, <001
maternity hospital
No vaccination available in
. . 35/59 59.3% 24/59 40.7%
maternity hospital
TB and hepatitis B Atopic dermatitis
vaccination status, infants P-value
with risk of allergic With AD (n/%) Without AD (n/%)
diseases
Both vaccines given in ., 51.0% 24/49 49.0%
maternity hospital
At least. one vaccine given in 6/14 12.9% 8/14 57.1% <0.01
maternity hospital
No vaccination available in
. . 22/30 73.3% 8/30 26.7%
maternity hospital
TB and hepatitis B Atopic dermatitis
vaccination status, infants P-value
with no risk of allergic With AD (n/%) Without AD (n/%)
diseases
Both vaccines  given in 5, g 15.4% 126/149  84.6%
maternity hospital
Atleastone vaccinegivenin |, 11.8% 15/17 882%  <0.01
maternity hospital
No Vac.cmatlon. available in 13/31 41.9% 18/31 5(5)5/1
maternity hospital Yo

During the whole follow-up period of 18 months AD was diagnosed in 52 study participants
(23.1%) timely vaccinated with BCG-M, in 35 children (71.4%) vaccinated later and in 6 children
(46.2%) who had not received any vaccine in their first year of life. In the subgroup of infants having
risk factors for allergic diseases AD was diagnosed in 26 children (44.1%) vaccinated against TB at
the maternity hospital, in 20 children (83.3%) vaccinated in their first year of life and in 5 infants
(71.4%) who had not received the BCG-M. In the subgroup of children having no risk factors for
development of allergic diseases AD was diagnosed in 26 children (15.7%) vaccinated with BCG-M
at the maternity hospital, in 15 children (100%) with untimely vaccination and in 1 unvaccinated child
(16.7%). Data on prevalence of AD depending on BCG-M vaccination status of children is shown in
Table 3A and in Figure 6.
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Figure 6. Prevalence of atopic dermatitis by 18 months of age depending on BCG-M vaccination status
and presence of risk factors for allergic diseases, % (n=287).

During the first 18 months of life AD was diagnosed in 43 study participants (21.7%) vaccinated
against hepatitis B within 24 hours of birth, in 34 children (50.0%) vaccinated later and in 10
unvaccinated children (47.6%). In the subgroup of children having risk factors for allergic diseases
AD was diagnosed in 25 children (52.1%) vaccinated against hepatitis B at the maternity hospital, in
21 child (61.8%) vaccinated in the first year of life and in 7 children (87.5%) who had not received the
hepatitis B vaccine. In the subgroup of children having no risk factors for development of allergic
diseases AD was diagnosed in 18 children (12.0%) vaccinated at the maternity hospital, in 13 children
(38.2%) vaccinated in their first year of life and in 9 children (69.2%) who had not received the
hepatitis B vaccine. Data on prevalence of AD depending on hepatitis B vaccination status of children
is shown in Table 3B and in Figure 7.
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Figure 7. Prevalence of atopic dermatitis by 18 months of age depending on hepatitis B vaccination
status and presence of risk factors for allergic diseases, % (n=287) .
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By 18 months AD was diagnosed in 44 study participants (22.3%) with timely vaccination with
both vaccines, in 8 children (25.8 %) who had received at least one of the vaccines at the maternity
hospital, and in 35 (59.3%) children who had not been vaccinated at the maternity hospital with either
vaccine. In the subgroup of children having risk factors for development of allergic diseases AD was
diagnosed in 25 children (51.0%) vaccinated at the maternity hospital with BCG-M and hepatitis B
vaccine, in 6 children (42.9%) who had received at least one vaccine on time, and in 22 children
(42.9%) not vaccinated at the maternity hospital. In the subgroup of children with no risk factors for
allergic diseases AD was diagnosed in 23 children (15.4%) who had received both vaccines at the
maternity hospital, in 2 children (11.8 %) vaccinated with at least one vaccine, and in 13 children (41.9
%) who had not received any vaccines. Data on prevalence of AD depending on TB and hepatitis B
vaccination status is given in Table 3C and in Figure 8.

Vaccinated at the maternity hospital 51

Incompletely vaccinated at the
maternity hospital

Not vaccinated at the maternity
hospital

73,3

41.9

Figure 8. Prevalence of atopic dermatitis by 18 months depending on timeliness of TB and hepatitis B
vaccination and presence of risk factors for allergic diseases, % (n=287).

Discussion

AD remains a widespread disease in the paediatric population all around the world. Incidence
of AD varies in different countries — from 0.65% in Tunisia to 35% in Sweden [25,26]. In the framework
of the ongoing discussion of the possible role of mass immunization programmes in the growing
incidence of allergic diseases we believe it important to investigate the possible contribution of
immunization performed in the first days after birth in development of the earliest forms of allergic
diseases in children. For this very purpose we evaluated the prevalence of newly diagnosed AD over
the first 18 months of life in children permanently monitored by a paediatrician at Moscow children’s
outpatient clinic No.133 depending on whether these children were immunized against TB and
hepatitis B and on how timely their immunization was. The results of the study should be highly
significant for implementation of routine immunization programmes, especially in children having a
burdened history of allergic diseases.

In our study it was established that AD was diagnosed in one-third of children by 18 months of
age (32.4%) which on the whole is higher than the Russian national statistics for 2018 being 20% for
paediatric population [27]. And the majority of those children had the onset of AD in their first year
of life (78.5%) as compared to those who were 18 months old (21.5%). This is in line with the
epidemiological observations of the inverse relationship between the prevalence and incidence of AD
and the patient age [28].

In this study we investigated a possible impact of BCG-M and hepatitis B vaccines on the onset
of AD. All study participants were divided into groups depending on the time of vaccination (at
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birth, in the first year of life or unvaccinated) and also by presence or absence of risk factors for
development of allergic diseases (a Cesarean birth, late breastfeeding initiation, antibiotic treatment
of the infant’s mother during pregnancy, close relatives with allergic diseases). To distinguish
between the effect of vaccination and that of predisposing factors, we evaluated AD diagnosed by 12
and by 18 months of age separately for the subgroup of children with risk factors for allergic diseases
and the subgroup of children having no such risk factors.

Independently of the type of vaccine a child had received (BCG-M, hepatitis B vaccine or both)
and of the time the vaccine had been given (timely vaccination, catch-up vaccination or no
immunization) the AD incidence was higher in the subgroup of children with risk factors for allergic
diseases. And predisposition to allergies plays the key role in the onset of AD in the second year of
life because all children who first developed AD between 12 and 18 months were from the high-risk
subgroup. The unquestionable significance of the impact of the above mentioned predisposing
factors on development of AD is demonstrated in the group of unvaccinated children: the majority
of participants with the diagnosed AD are in the subgroup of patients with risk factors for allergies.
This underscores the representativeness of the sample and validity of the data obtained.

In the course of the study we also discovered untimely vaccination with BCG-M and hepatitis B
vaccines in the paediatric population we monitored in our study, as evidenced by insufficient TB and
hepatitis B immunization coverage in the first week and in the first 24 hours of life - 78.3% and 69.2%
respectively.

The lowest detectability of AD by 12 months was in the group of timely vaccinated infants
independently of whether they had allergy risk factors or not. We registered a protective effect
against development of AD produced by the BCG-M and by hepatitis B vaccines as well as when
both vaccines had been given in the first 7 days after birth. The prevalence of AD is significantly
higher among children who had not received any vaccines at the maternity hospital, as compared to
those who had been fully vaccinated and those who had received at least one vaccine at the maternity
hospital (70% vs 20% and 20.8%, respectively, p<0.01). This statistically significant difference was
established both for the group of children without risk factors and for the group of children with a
burdened allergic history. For the overall population of children statistically significant differences
in the number of cases of onset of AD were found when comparing groups of infants with timely
vaccination and of those who had not been immunized against both TB and hepatitis B in their first
year of life. For separate subgroups the findings are not statistically significant due to the small
number of participants.

This data is in line with the results of many other randomized trials in one of which it was
demonstrated that if the BCG-Denmark (Danish strain 1331) vaccine is given immediately after birth
to newborns predisposed to allergies, it reduces the incidence of AD in their first year of life [29,30].
In the study performed by Farooqi I.S. and Hopkin ].M. with 1934 participants in Oxfordshire county
(U.K.) [31] a weak positive association was discovered between vaccination against pertussis and
development of allergic diseases, yet no connection was found between the measles vaccine and onset
of allergic disorders.

Our findings are no surprise: it is well known that the hepatitis B vaccine can have a protective
effect on immune response like it is with BCG and reduce the level of total IgE [32]. In this case the
discovery of protective effect of infant immunization can be used to prevent the development of
atopic diseases in older age, as also shown in other more recent studies [33,34].

On the contrary, one should not neglect published data showing negative effect of immunization
on development of allergic diseases. In particular, in the study performed by T.Kempetal [35] during
the 10-year follow-up of 1265 children born in 1977 it was discovered that only 23 unvaccinated
children had no allergies. Yet the authors of the study declared too many restrictions and biased
conditions in their study methodology that might have skewed the findings.

Unlike the Australian study in which delayed vaccination with diphtheria, tetanus
and acellular pertussis vaccine (DTaP) was associated with lower incidence of AD and fewer drugs
prescribed for its therapy [36], our study has not demonstrated any protective effect of the catch-up
TB and hepatitis B immunization as compared to timely vaccination of infants.
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One of systematic reviews did not discover any possible association between TB vaccination and
onset of allergic diseases [37]. During analysis of the existing literature one study was discovered
which demonstrated a shift toward increased Th1 cell response in patients with various allergies after
getting the hepatitis B vaccine which can also be considered an indirect evidence of protective role of
immunization [32].

Based on our study results, the protective effect of timely vaccination against the onset of AD is
especially strong in the first year of life and diminishes in the second year. In the children we observed
in our study this trend was still present by the age of 18 months, but was fading away. Moreover, one
should remember that all our patients who developed AD in the second year of life had allergy risk
factors, and the majority of them had timely vaccination. Much more frequently the onset of AD
during the first 18 months of life occurred in children without allergy risk factors who had not
received a single vaccine in the maternity hospital, while in high-risk group children such correlation
was insignificant. This might be explained by a stronger effect of a predisposing factor on the
pathogenesis of allergic disease and diminishing protective effect of vaccination in the second year
of life.

Similar results were obtained in an extended meta-analysis which demonstrated the
temporariness of protective effect of neonatal BCG-M vaccination against the development of BA in
children from ages 6 through 11, while in adolescents ages 13 through 17 this effect was not present
any more [38].

This observation correlates with the data from other studies that established no significant
association between BCG-M vaccine and the development of food allergy in infants by the age of 13
months [30,39]. Based on results obtained we might hypothesize that vaccination has a protective
effect mainly in the first year of life, both in general population and in infants with high risk of
development of allergic diseases, and in the second year of life this effect weakens. Yet it is highly
problematic to evaluate the association between the onset of AD and vaccination because the sample
we studied was small.

We should also mention the advantages of our study increasing the representativeness of the
sample data as compared to earlier studies. Here are some of these advantages:

e  follow-up of children living in the same part of a big city and having similar social and living
conditions;

e  continuous health supervision of all children participating in the study starting from their birth
which promotes active detection of early-onset disorders;

e uniform approach to organization and implementation of preventive vaccination and also to
diagnosing AD;

e data on vaccination status is retrieved from electronic medical records which significantly
minimizes the risk of data loss and the risk of getting wrong data.

Yet we have to admit that we did not take into consideration immunization against other
communicable diseases and did not investigate whether the children participating in our study had
received a second and third shot of hepatitis B vaccine. Such effect of the association between the
prevalence of BA and AD among infants at 12 months of age and the number of inactivated vaccines
given in the first 6 months of life was hypothesized in an earlier study which was based on the
cumulative exposure to adjuvants contained in each dose of the vaccinerr used [40].

In addition, in our study we did not look into the effect of other factors predisposing for
development of allergic diseases such as duration of breastfeeding, exposure to secondhand smoke,
the age of introduction of complementary foods, presence of pets in the household, intake of
medicinal products, etc.

To obtain more valid data the follow-up of the study participants should be continued, also in
order to evaluate the severity and progress of AD and the need for pharmacotherapy depending on
the vaccination status of children. And we also need analysis of more numerous groups of
participants having all possible risk factors for development of allergic diseases.
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And please keep in mind that when making final decision on possible impact of paediatric
vaccination on development of allergic diseases in infancy one should realize with responsibility the
consequences it may lead to as this can possibly undermine the effectiveness of immunization
programmes.

Conclusions

The growing incidence of allergic diseases is a genuine concern all around the world. Our study
results demonstrate that TB and hepatitis B vaccines given in the first hours/days after child’s birth
not only do not promote early onset of allergic diseases but they can prevent the development of AD
in children, including those having genetic predisposition for allergic diseases. This is due to the
Th2/Th1 shift of immune response in neonates who received timely vaccination, and such vaccination
has the strongest protective effect in the first year of the child’s life. The data obtained can be used
for awareness-building in communication with patients’ parents and healthcare professionals with
the purpose of enhancing immunization adherence.

Conflicts of Interest: The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.
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