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To reduce a burden of circulatory diseases (CD) is among primary tasks the state has to solve. There are available 

data on a contribution made by chronic inflammation on occurrence of heart and vascular diseases. Given that, it seems 
especially interesting to examine impacts exerted by Epstein-Barr virus infection on CD development. 

The paper focuses on analyzing morbidity with infectious mononucleosis and CD in the Russian Federation over 
1995–2018. 103 patients with heart rhythm disorders and 92 blood donors were examined to determine whether they had 
immunoglobulins to EBV antigens. 

The results were statistically processed involving calculation of Pearson’s linear correlation coefficient, error of cor-
relation coefficient, validity coefficient, determination coefficient, and frequencies of EBV markers detection per 100 exam-
ined people and their confidence intervals. Differences were considered to be authentic when confidence probability was 
equal to 95 % and confidence significance was p < 0.05. Relative risks of heart rhythm disorders in patients with active 
EBV-infection were calculated as per results obtained via creating a fourfold table. 

EBV was established to make a significant contribution into circulatory pathology occurrence and it was confirmed by 
an overall ascending trend in morbidity with infectious mononucleosis and CD in the Russian Federation in 1995-2018 and 
an authentic strong direct correlation between these two processes (r = 0.94; m = 0.02; t = 47; p < 0.01) with determination 
being equal to 0.88. Risk of developing heart rhythm disorders was determined by active EBV-infection in case history com-
bined with detected M-immunoglobulins to capsid EBV antigen and G-immunoglobulins to early EBV antigen, as well as an 
increase in concentration of G-immunoglobulins to capsid antigen in blood serum (RR = 5.8 and 2.3 accordingly). 

These detected peculiarities require further more profound study and development of activities aimed at risk minimization. 
Key words: Epstein – Barr virus, circulatory diseases, infectious mononucleosis, morbidity, heart rhythm disorders, 

blood donors, relative risk, positivity rate. 
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High prevalence of circulatory diseases 
(CD) has been given a lot of attention by ex-
perts in different fields both in the Russian Fed-
eration and abroad [1–6]. In the Russian Fed-
eration CD prevalence grew by 20.7 % merely 
over 6 years, from 2011 to 2017 [7]. Research-
ers point out that there is a correlation between 
growing CD cases and negative effects pro-
duced by external factors including quality of 
food products, drinking water and ambient air 
contamination, and factors related to lifestyle 
such as smoking alcohol abuse, hypodynamia, 
emotional overstrain, etc. [3, 6, 8–10]. Influ-
ence exerted by aforementioned factors on the 
human body is accompanied with metabolic 
disorders and changes in key biochemical pa-
rameters, lipid profile included [11–13]. In 
2017 Russian researchers analyzed contribu-
tions made by specific biochemical parame-
ters into a risk of ischemic heart disease; the 
analysis revealed that in most cases clinical 
specialists failed to take into account results 
of laboratory tests indicating that oxidative 
processes were disrupted and inflammation 
occurred [14]. 

At present, there is scientific evidence that 
it is oxidative processes that lead to changes in 
redox balance in internal environment of the 
body [15, 16]; chronic inflammation is a typical 
sign of cardiovascular diseases and it leads to 
more severe outcomes regardless of cholesterol 
contents in blood serum [17]. 

Polish scientists published a systematic 
review that focused on analyzing a great 
number of research works; they established 
that pro-inflammatory cytokines had direct 
influence on health of the cardiovascular sys-
tem. Expression of such cytokines grows over 
the whole lifetime and correlates with preva-
lence of this pathology and mortality caused 
by it. Growing electrical instability of cardiac 
muscle accompanied with heart rhythm disor-
ders occupies a special place among other ef-
fects produced by pro-inflammatory cyto-
kines [18]. 

Elevated concentrations of pro-inflam-
matory cytokines are markers of low-grade 

chronic inflammation typical for reactiva-
tion of latent viral infections including one 
caused by Epstein – Barr virus (EBV) [19]. 
A study that involved examining 222 eld-
erly people living in the USA (their average 
age was 64.1 ± 14.1) revealed that higher 
titers of antibodies to EBV among people 
who were seropositive simultaneously to 
EBV and cytomegalovirus were associated 
with elevated contents of C-reactive protein 
and interleukin-6 and were accompanied 
with deteriorating health [20]. Another re-
search work accomplished by American sci-
entists revealed a correlation between inter-
leukin-6 contents in blood plasma and titers 
of neutralizing antibodies to EBV-coded de-
oxyuridine triphosphate nucleotidohydrolase. 
This protein is synthesized at an early stage in 
virus reproduction and induces human mono-
cytes to produce interleukin-6 and tumor necro-
sis factor alpha which, in their turn, play a key 
role in chronic inflammation development and 
cardiovascular pathology [21]. 

Analysis of the epidemiological situation 
regarding EBV-infection indicates it is widely 
spread and occurs everywhere [22–26]; there 
has also been an ascending trend in incidence 
with infectious mononucleosis in the Russian 
Federation over the recent years [27–29]. 

Given that, it seems vital to examine in-
fluence exerted by EBV-infection on cardio-
vascular diseases in general and heart rhythm 
disorders in particular. 

Our research goal was to assess contri-
bution made by EBV-infection to development 
of circulatory diseases on the example of heart 
rhythm disorders. 

Materials and methods. We performed 
retrospective epidemiologic analysis of inci-
dence with infectious mononucleosis and car-
diovascular diseases in the Russian Federation 
in 1995–2018. Incidence rates were calculated 
per 100 thousand people. Data were taken 
from the Statistical Report Form No. 2 “Data 
on infectious and parasitic diseases” and statis-
tical data collections “Public Healthcare in 
Russia” (Rosstat)1. 

__________________________ 
 
1 Zdravookhranenie v Rossii – 2019 [Public Healthcare in Russia – 2019]. Rosstat. Available at: http://gks.ru/bgd/regl/b19_34/ 

(September 10, 2020) (in Russian). 
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We calculated Pearson’s linear correla-
tion coefficient (r) and standards error for 
correlation coefficient (m). Correlation au-
thenticity was checked with authenticity test 
(t). Differences were considered to be authen-
tic at the significance level being p < 0.01 and 
confidence probability being 99 %. Calcula-
tion of determination coefficient (r2) allowed 
determining a share belonging to influence of 
incidence with infectious mononucleosis on 
CD prevalence. 

We conducted a randomized controlled 
trial of blood serum from February 10, 2020 
to June 01, 2020 to determine immunoglobu-
lins M (IgM) to capsid antigen (VCA) and G 
(IgG) to capsid early (EA) and nuclear anti-
gens (EBNA) to EBV; the trial was per-
formed on two groups of patients through 
enzyme immunoassay using “Vector best” 
reagent kit. The first or test group was made 
up of 103 patients with heart rhythm disor-
ders (there were 60 men or 58.25 % (95 %; CI 
48.49 ÷ 68.01) and 43 women or 41.75 % 
(95 %; CI 31.99 ÷ 51.51) aged from 21 to 
65, average age being 50.27 (95 %; CI 
48.41 ÷ 52.13)). The second or reference 
group consisted of 92 conditionally healthy 
people who were active blood donors, 61 
men (66.3 % (95 %; CI 56.39 ÷ 76.21)) and 
31 women (33.7 % (95 %; CI 23.79 ÷ 43.61)) 
aged from 19 to 60, average age being 41.03 
(95 %; CI 33.55 ÷ 48.51). The analyzed 
groups were comparable in terms of sex, age, 
region of living, and a period when the trial 
took place.  

Patients with heart rhythm disorders (the 
test group) were selected to participate accord-
ing to the following criteria: 

– they were being treated in hospitals due 
to an acute event involving heart rhythm dis-
orders; 

– they had a diagnosed heart rhythm disor-
der (paroxysmal tachycardia, atrial fibrillation, 
atrioventricular blocks, bundle branch blocks, 
premature ventricular contractions with extra-
systole contribution exceeding 5 % of all con-
tractions a day) confirmed with ECG and  
24-hour Holter monitoring; 

– they had negative results of tests aimed 
at determining serological and molecular-
biological markers of contagion with syphilis 
agent, human immunodeficiency virus, hepati-
tis B and C;  

– their age was from 18 to 65, both men 
and women were included; 

– they gave their informed consent to take 
part in the trial. 

The test group didn’t include patients 
treated in out-patient clinics; patients with 
heart rhythm disorders in their case history 
who were in remission at the moment the trial 
was being conducted; patients with heart 
rhythm disorders not being confirmed with 
ECG or 24-hour Holter monitoring; patients 
who had myocardial infarction during 30 days 
prior to the trial; patients younger than 18 or 
older than 65; patients who didn’t give their 
consent to take part in the trial; patients with 
positive results of molecular-biological test 
aimed at determining COVID-19 genetic ma-
terial or CT-signs of COVID-19. 

People for the second (reference) group, or 
conditionally healthy people, were selected 
from active donors of blood and its components 
according to the following inclusion criteria: 

– they were men and women aged from 
18 to 65; 

– they gave their informed written consent 
to participate; 

– they had a medical examination that 
included body weight measuring, body tem-
perature taking, blood pressure measuring, 
determining heart rate and heart rhythm (pro-
vided there were no heart rhythm disorders); 
they didn’t have absolute contraindications to 
be donors and were given a therapeutic report 
on absence of any therapeutic pathology at 
the moment their blood was taken; 

– they had negative results of tests aimed 
at determining serological and molecular-
biological markers of contagion with syphilis 
agent, human immunodeficiency virus, viral 
hepatitis B and C;  

– contents of alanine amine transferase, 
hemoglobin, hematocrit, erythrocytes sedi-
mentation rate, total protein and protein 
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fractions, and leukocytes count in their 
blood were within reference ranges deter-
mined by the RF Public Healthcare Ministry 
Order issued on September 14, 2001 (last 
edited on June 06, 2008) No. 364 “On Ap-
proval of the procedure for medical exami-
nation obligatory for a donor of blood and 
its components”; 

– they had a medical reference from their 
polyclinic that during 6 months prior to donor-
ship they hadn’t had any diseases or contacts 
with contagious patients. 

People were not included into the refer-
ence group if: 

– they had a disease or a contact with 
contagious patients during 6 months prior to 
the trial; 

– they had positive results of tests aimed 
at determining syphilis, HIV-infection, viral 
hepatitis B and C;  

– their blood parameters determined 
through laboratory tests were beyond the ref-
erence ranges; 

– they had at least one absolute contraindi-
cation to being a donor2 including 2–3 degree 
hypertension, ischemic heart disease, athero-
sclerosis, atherosclerotic cardiosclerosis, oblit-
erative endarteritis, non-specific aortoarteritis, 
recurrent trombophlebitis, endocarditis, myo-
carditis, or cardiac defects; 

– they were younger than 18 or older 
than 65; 

– they didn’t give their written informed 
consent to take part in the trial; 

– they had positive results of molecular-
biological tests aimed at determining COVID-19 
genetic material or CT-signs of COVID-19. 

People were excluded from either the test 
or reference group in case they refused to co-
operate after the trial had begun as well as in 
case a sample of a biological material was 
missing or at least one sample of a biological 
material taken from an examined person was 
not suitable for analysis. 

Statistical analysis of data obtained 
through laboratory tests involved calculating 
frequency of detecting IgM and IgG to EBV 
antigens (%), average signal-to-cutoff ratios 
of IgМ VCA and IgG EBNA for each exam-
ined group. A signal-to-cutoff ratio (S/Co) 
was determined by dividing optical density 
value of the sample being tested by the opti-
cal density values of the assay cutoff calcu-
lated according to the instruction provided 
with a relevant reagent kit. The result was 
considered positive at S/Co > 1. In case the 
test result was positive, S/Co value was used 
to estimate concentrations of specific antibod-
ies in analyzed samples. 

IgM VCA and / or IgG EA detection indi-
cated there was active EBV-infection (either 
acute primary or reactivated chronic one). 

Validity of differences was estimated with 
confidence intervals (CI). Margin of error for 
confidence interval was calculated as per the 
formula: 

,Z
n





 

where Z is confidence coefficient equal to 
1.96 at confidence probability being equal to 
95 % and confidence significance being  
p < 0.05;   is standard deviation; n is size of 
a sampling. 

Relative risk (RR) of heart rhythm disor-
ders in case there was active EBV-infection 
and high IgG VCA concentration was calcu-
lated based on results obtained through build-
ing up a fourfold table as per the formula 
А:(А+В)/С:(С+D). The rate was considered 
positive in case its value was > 1. Differences 
were considered authentic if a confidence in-
terval for this rate didn’t include 1. The upper 
limit of a confidence interval for average S/Co 
of donors’ IgG VCA was taken as the upper 
limit of a reference interval; when this limit 
was exceeded, this meant IgG VCA concentra-
tion was high (high S/Co). 

__________________________ 
 
2 Contraindications are stipulated by the Order of the RF Public Healthcare Ministry issued on September 14, 2001 (last 

edited on June 06, 2008) No. 364 “On Approval of the procedure for medical examination obligatory for a donor of blood and 
its components”. 
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Figure. Incidence with infectious mononucleosis 

and prevalence of circulatory diseases in the 
Russian Federation in 1995–2018 (per 100 

thousand people) 

Results and discussion. Both incidence 
with infectious mononucleosis and prevalence 
of circulatory diseases tended to grow in the 
Russian Federation from 1995 to 2018 (Figure). 

Correlation analysis of incidence with in-
fectious mononucleosis in and CD prevalence in 
the Russian Federation in 1995–2018 revealed a 
strong direct correlation between them (r = 0.94; 
m = 0.02); this correlation was authentic accord-
ing to authenticity test being t = 47; p < 0.01. 

Determination coefficient r2 amounted to 
0.88 and this indicated that contribution made 
by EBV into CD prevalence reached 88 % and 
only 12 % were determined by other factors. 

Blood serums taken from patients with 
heart rhythm disorders and conditionally 
healthy donors were analyzed comparatively 
to determine immunoglobulins G and M to 
Epstein – Barr virus antigens in them; authen-
tic IgM VCA prevalence was detected in the 
test group (Table 1). We should note that fre-
quency of detecting IgG EA and IgG VCA 
was also higher in the first (test) group but 
those differences were not authentic. 

Overall, active EBV-infection was more 
frequently detected by serological tests among 
patients with heart rhythm disorders, 12.62 
(95 %; CI 6.18 ÷ 19.06) against 2.17 (95 %;  
CI 0 ÷ 5.16) among donors (the reference group). 

Relative risk (RR) of heart rhythm disor-
ders in case a patient had active EBV-infection 
amounted to 5.8 (95 %; CI 1.3 ÷ 25.0) and dif-
ference between the groups was authentic  
(Table 2). 

T a b l e  1  
Frequency of detecting immunoglobulins  
М and G to Epstein – Barr virus antigens 

in patients with heart rhythm disorders and 
donors, % 

Ig 
Patients with heart 
rhythm disorders 

(n = 103) 

Donors 
(n = 92) 

abs. 5 0 
% 4.85 0 IgM VCA

95 %; CI 0.68 ÷ 9.02 0 ÷ 0 
abs. 103 90 
% 100 97.82 IgG VCA

95 %; CI 100 ÷ 100 94.83 ÷ 100.81
abs. 8 2 
% 7.77 2.17 IgG EA 

95 %; CI 2.58 ÷ 12.96 0 ÷ 5.16 
abs. 98 88 
% 95.15 95.65 IgG 

EBNA 95 %; CI 90.98 ÷ 99.32 91.46 ÷ 99.84 

T a b l e  2  
Distribution of examined people depending on 

detection of active EBV-infection markers 
Active  

EBV-infection markersExamined people 
yes no 

Patients with heart rhythm  
disorders (n = 103) 13 90 

Donors (n = 92) 2 90 
 
Analysis of average signal-to-cutoff ra-

tios in patients with heart rhythm disorders 
revealed authentic prevalence of IgG VCA 
S/Co over IgG EBNA S/Co (Table 3). For 
reference, IgG VCA and IgG EBNA signal-
to-cutoff ratios were comparable in donors 
with no authentic differences between them. 
IgG EBNA S/Co in patients with heart 
rhythm disorders didn’t differ from the same 
ratio in donors whereas IgG VCA S/Co was 
authentically lower in donors than in patients 
with heart rhythm disorders. 

Bearing in mind that donors participating 
in this research were considered to be condi-
tionally healthy population and IgG VCA usu-
ally occur in blood serum during the first week 
since the acute primary infection started and 
persist there during the whole lifetime, we 
took a confidence interval of average IgG 
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VCA S/Co for donors as a reference value in 
this specific research. Having compared IgG 
VCA S/Co for blood serums of patients with 
heart rhythm disorders and selected reference 
values, we detected that these values were  
exceeded in 57 cases (55.34 % (95 %; CI  
45.69 ÷ 64.99)) and this indicated that IgG 
VCA concentrations were high in blood serum 
of these patients. For reference, only 22 people 
among donors had elevated values of this ratio 
(higher than the reference level) (23.91 % 
(95 %; CI 15.15 ÷ 32.67)). 

T a b l e  3  
Signal-to-cutoff ratios of analyzed IgG VCA 
and IgG EBNA samples in with heart rhythm 

disorders (n = 103) and donors (n = 92) 

Ig Group Average signal- 
to-cutoff ratio 

Confidence 
interval 

95 %; CI 
Patients with 
heart rhythm 

disorders 
78.1 69.3 ÷ 86.9 IgG 

VCA 
Donors 40.65 34.6 ÷ 58.4 

Patients with 
heart rhythm 

disorders 
38.4 35.1 ÷ 41.7 IgG 

EBNA 
Donors 35.6 27.4 ÷ 43.8 

 
Relative risk (RR) of heart rhythm disor-

ders in case IgG VCA concentration was high 
amounted to 2.3 (95 %; CI 1.5 ÷ 3.5) and the 
differences between the groups were authentic 
(Table 4). 

T a b l e  4  
Distribution of examined people depending on 
IgG VCA concentration being higher or lower 

than reference values 
Active EBV-infection 

markers Examined people 
yes no 

Patients with heart rhythm  
disorders (n = 103) 57 46 

Donors (n = 92) 22 70 
 
An assumption on possible contribution 

made by EBV-infection into circulatory pathol-
ogy in general and heart rhythm disorders in 
particular were based on results obtained in 
previous research works. Thus, myocarditis was 

established to be among the most widely spread 
clinical symptoms of infectious mononucleosis. 
The most typical features of myocarditis com-
bined with EBV included damage to the heart 
conduction system (atrioventricular blocks, 
ventricular arrhythmia) and sinus tachycardia 
that were detected by ECG as a shift in ST seg-
ment and changes in T peak (flattening, two-
phase, or inversion) as well as atrioventricular 
conduction disorders (atrioventricular blocks, 
bundle brunch blocks) [30–34]. 

At the same time, the overwhelming ma-
jority of previous research works that focused 
on EBV contribution to arrhythmia develop-
ment was clinical in their essence and dealt 
with heart conduction disorders in children 
[35–38]. This population group was most 
likely chosen due to high rates of incidence 
with infectious mononucleosis among people 
younger than 18 [27, 29]. It was shown that 
children with heart rhythm disorders in their 
case history also more frequently had viral in-
fections in it (infectious mononucleosis, 
chicken pox, rubella, or B19 parvovirus infec-
tion) than children without this pathology [38–
41]. And there were cases when patients with 
heart rhythm disorders had genetic EBV mate-
rials detected in their serous pericardial effu-
sion, endomyocardial tissue sampling, and ve-
nous blood [34, 36, 39, 41–43]; they also had 
IgM VCA in blood serum together with anti-
bodies to antigens of working myocardium and 
conduction system [37, 39, 44, 45]. 

People older than 18 have infectious 
mononucleosis much less frequently than 
younger ones; however, they are not excluded 
from the epidemic process of EBV-infection 
which becomes a chronic latent disease with 
periodical reactivations in most cases after the 
first contact with the virus [22, 46]. And we 
should also remember that circulatory diseases 
including those that involve heart rhythm dis-
orders are a widely spread pathology among 
adult population [7, 11, 13]. 

A distinctive feature of the present re-
search is assessment of the correlation between 
incidence with infectious mononucleosis with 
EBV being its primary infectious agent and 
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CD prevalence in the overall population in the 
Russian Federation over a long period of time 
(23 years) with subsequent analysis of influ-
ence exerted by frequency of detecting active 
EBV-infection markers and IgG VCA concen-
tration on heart rhythm disorders by the ran-
domized controlled trial. 

The research results allow making a 
well-grounded conclusion that active EBV-
infection makes a substantial contribution to 
cardiovascular system pathology in general 
and that involving heart rhythm disorders in 
particular. It gives grounds for more pro-
found studies on the issue by experts in vari-
ous spheres. 

Conclusions. The accomplished research 
allowed making the following conclusions: 

1. EBV makes a significant contribution to 
occurrence of circulatory pathology and this 
was confirmed by the common ascending trend 

in incidence with infectious mononucleosis and 
CD prevalence in the Russian Federation in 
1995–2018 and the strong authentic direct cor-
relation between these two processes (r = 0.94; 
m = 0.02; t = 47; p < 0.01) with determination 
coefficient being equal to 0.88. 

2. Active EBV-infection in case history 
combined with IgM VCA and IgG EA detec-
tion and elevated IgG VCA concentration in 
blood serum determines a risk of heart rhythm 
disorders (RR = 5.8 (95 %; CI 1.3 ÷ 25.0) and 
2.3 (95 %; CI 1.5 ÷ 3.5) accordingly). 

3. The detected phenomena require fur-
ther profound examination and development of 
activities aimed at risk minimization. 
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