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Abstract

Introduction. The Epstein—Barr virus (EBV) is one of the most common pathogens — it infects 90% of the world’s
population. However, specific characteristics of the EBV infection epidemic process remain unidentified. The
previous studies focusing on assessment of incidence rates for infectious mononucleosis (IM) tend to ignore the
serological status of the population.

The aim of the study was to identify epidemiological characteristics and assess the prevalence of serological
markers for EBV infection for further epidemic control measures development.

Materials and methods. In Moscow, the thorough analysis was performed using the data on IM incidence (Form 2
"Data on Infectious and Parasitic Diseases") and test results for 138,232 people checked for presence of VCA
IgG, EBNA IgG, VCA IgM, EA IgG, and EBV DNA in their blood and saliva in 2011-2020.

Results. The periodic pattern of IM incidence was discovered, demonstrating the repetitive peaks every 9 to
11 years and a strong direct correlative relationship with detection rates for active EBV infection markers. The
intra-annual dynamics of IM incidence is characterized by a seasonal upswing during cold seasons of the year,
reaching its peaks in October, November, or February and associated with a marked decrease in the VCA IgG
and EBNA IgG seroprevalence. Children within the 1 to 17-year age range are groups at risk for acquiring primary
infection, demonstrating significantly lower detection rates for chronic EBV infection (VCA IgG and EBNA IgG)
markers and higher rates for VCA IgM and EBV DNA markers in blood compared to adults. The contribution of
adult population to the epidemic process is formed through reactivation of chronic infection, which is observed
primarily among women.

Conclusion. The identified characteristics are essential for comprehensive understanding of the EBV infection
epidemic process and can be used for developing preventive and anti-epidemic measures.
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AHHOMauyus

BeepeHue. Bupyc OnwreliHa—bapp (BOB) — oguH 13 caMbix pacnpoCcTpaHEHHbIX NaToreHoB — MOPaXKEHHOCTb
um Hacenenusi gocturaet 90%. B 1o e BpeMs He ycTaHOBMEHbI OCOGEHHOCTM ANMAEMMYECKOro npoecca
B3b-nHgpekummn. PaHee npoBeaéHHbIE MCCNeaoBaHMs NOCBSILLEHbI OLEHKe nokasaTtenen 3aboneBaemMocTy MH-
PEKUMOHHBIM MOHOHYKeo3oM (VM) 6e3 yuéTa ceponornyeckoro cratyca HacerneHus.

Lenb paboTbl — BbIABUTb 3aNNAEMMONOrMYyeckme ocobeHHOCTN U OLEHUTb MPEBaNeHTHOCTb CEePONOrMYecKnx
mapkepoB BOB-nHdekummn ansg nocnegyolen paspaboTkn Komnnekca NpoTUBO3INUAEMUYECKNX MEPOMPUSATUN.
Martepuanbl n metoabl. B MockBe aHanu3y noaBeprHyThl AaHHble 3aboneBaemocTtn MIM (dopma Ne 2 «Cse-
AeHnsa 06 MHPEKUMOHHBIX M Napas3vTapHbIX 3aboneBaHnax») 1 pedynsratel 06crnegoBanns 138 232 yenosek Ha
Hanuume IgG VCA, IgG EBNA, IgM VCA, I1gG EA, IHK B35 B o6pasuax kposu n crtoHbl B 2011-2020 rr.
PesynbraThl. Bnepsble ycTaHOBNEHbI NnepuoamyHocTb 3abonesaemoctu UM ¢ nitepsanom 9—11 net n eé cune-
Hble MpsAMble 3HAYNMblE KOPPENSLMOHHbIE CBA3W C BbISBMEHMEM MapKepoB akTuBHoOW B3B-mHdekuun. Ons
BHYTPUrogoBov AuHaMuku 3aboneBaemoctn MIM xapakTepeH Ce30HHbIN MOAbEM B XOMNOAHLIA Nepuog roga ¢
MaKc/MManbHbIMK NokasaTensMu B okTaAbpe, Hosbpe unu pespane, 06yCNOBNEHHbIN BbIPAXXEHHBIM CHDKEHMEM
ceponpeBaneHTHocTn IgG VCA n IgG EBNA. 'pynnamu pucka no 3abonesaemMocTn nepBnUYHON MHGEKUMEN AB-
nawTca aetn 1—17 nert, 4To NoATBEpPXKAAEeTCA AOCTOBEPHO 6onee HNM3KONM, MO CPaBHEHUIO CO B3POCIbIMU, YaCTO-
TOW BbISIBNEHMSA MapkepoB xpoHudeckor BAOB-nHdekumn (IgG VCA n IgG EBNA) 1 Bbicokon — IgM VCA 1 OIHK
B3b B kpoBu. Bknag B3pocnoro HaceneHns B anNVAeMUYECKMIn npouecc opMypyeTcsa 3a CYET peakTvMBauun
XPOHUYECKON UH(PEKLNN, NPENMYLLIECTBEHHO Y KEHLLWH.

3akntouyeHue. BbisiBneHHble 0COGEHHOCTM NO3BOMNSAT AaTb Pa3BEPHYTYH XapaKTePUCTUKY 3NMAEMUYECKOrO
npouecca BOB-nHpekunmn n MoryT GbITb NCNONBb30BaHbI ANs pa3paboTku KoMnnekca NponnakTU4eCcKux u npo-
TUBO3NUAEMUYECKUX MEPONPUATUI.

KnroueBble cnoBa: supyc 3nwmeliHa—bapp, UHheKUUOHHbIU MOHOHYKII€03, CeporipesasrieHmHoOCcmb, 3aborie-
gaemMocmb, snudemuonoaudyeckue ocobeHHocmu

Amuyeckoe ymeepxxdeHue. VlccnenoBaHve npoBoannock Npu Ao06POBOIbLHOM MHOPMMPOBAHHOM COrflacuu nauw-
eHToB. [1poTokon uccnegosaHus ogobpeH CosetoM no atuke PrEHY HAMBC um. N.U. MeunukoBa (npoTtokon Ne 1 ot
23.03.2021).

UcmoyHuk ¢huHaHcupoeaHusi. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUM BHELLHEro hMHaHCUpPOBaHWS Npyu NPOBeAEeHNN 1C-
crnenoBaHus.

KoHgbnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHbIX U MOTEHLMATbHBIX KOH(IIMKTOB UHTEPECOB, CBSI-
3aHHbIX C NyGnuKaLmeit HacTosILLe CTaTbu.

Ana yumupoeaHusi: Conomain T.B., CemeHeHko T.A., TytenbsiH A.B., Bobposa M.B. nugemuonoruyeckne ocobeH-
HOCTM MHpeKLMn, Bbi3BaHHOW BUpPYycom AnwtenHa—bapp. XKypHan mukpobuonoauu, snudemuonoauu u UMMyHobUOT0-
auu. 2021;98(6):685-696.

DOI: https://doi.org/10.36233/0372-9311-139



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMUONOTU N UMMYHOBUOJIOTUI. 2021; 98(6)

DOI: https://doi.org/10.36233/0372-9311-139

687

OPUTVHANbBbHbBIE NCCITIEAOBAHNA

Introduction

Although the infection caused by the Epstein-Barr
virus (EBV) has been known for a long time, its epi-
demiological characteristics are poorly studied. It has
been found that people get infected with EBV through
the contact with a person having primary acute infec-
tion or reactivated chronic infection [1, 2]. The virus is
transmitted through the air, through contact with saliva,
and saliva-contaminated items [1, 3], vertically from
the mother to the fetus [4], through the transplanted
organs and tissues [5], through transfused blood and
its components that were not put through pathogen re-
duction and leukocyte filtration [6, 7]. The incubation
period is 42 days on average for patients with primary
acute EBV infection [8]; chronic infection develops in
patients, following primary infection [9]. Thus, EBV
stays in a human body for life; the latent phase can be
reactivated, and the virus will start replicating [1, 2].

Epidemiologically, primary acute infection and
chronic infection reactivation known as active EBV in-
fection are the focus of concern [10]. During the latent
phase of the chronic infection, EBV stays as a circular
episome within the host cell nucleus [11]. The factors
contributing to the switch from latency to reactivation
are being currently discussed. There are assumptions
that the switch can be triggered by external factors of
physical, chemical, and biological nature [12]. Some
researchers assume that viral replication is preceded by
the decreased immune responsiveness of the host or-
ganism, which, in its turn, can also be caused by the
impact of adverse external factors [13].

EBYV is found all over the world; more than 90%
of the adults have chronic infection markers — IgG an-
tibodies to capsid (VCA IgG) and nuclear (EBNA IgG)
viral antigens. EBV infection is diagnosed as active
when tests detect the viral DNA in blood and/or saliva,
IgM to capsid (VCA IgM) and IgG to early (EA IgQG)
antigens [7]. Infectious mononucleosis (IM) is a clin-
ically symptomatic form of an active EBV infection,
though the infection can be subclinical and asymptom-
atic [14, 15].

IM cases have been statistically documented in
Russia since 1990. The incidence rates monitored with-
in the entire period demonstrated a clear upward trend.
The rates vary significantly across the country; the ex-
planation can be found in patterns of the epidemic pro-
cess as well as in the associated diagnostic and report-
ing errors [16].

Most of the Russian and foreign studies addressing
EBYV infection, in general, and IM, in particular, have
a clinical or immunological focus. There were too few
epidemiological studies to identify a clear-cut periodic
pattern of peaks and troughs in the incidence [14, 17,
18]. The most plausible reason for this comes from the
approach based on estimation of incidence rates with-
out regard for the serological status of the population
within the studied region. Consequently, in the context

of population heterogeneity, special significance should
be attached to estimation of prevalence of virus infec-
tion markers using serological monitoring, which is a
constituent part of the information system in epidemi-
ological surveillance of the incidence [19]. The per-
formed studies have shown that preschool and school
children constitute the main groups of risk in terms of
IM incidence [14, 18, 20, 21]. The contribution of adult
population to the EBV infection epidemic process is
poorly studied; no gender-related assessment has been
conducted. All the above highlight the importance and
open the door for focused research in specific charac-
teristics of the EBV infection epidemic process.

The aim of the study was to identify epidemiolog-
ical characteristics and assess the prevalence of sero-
logical markers for EBV infection for further epidemic
control measures.

Materials and methods

The city for this study was selected by ranking re-
gions of Russia by multiannual average IM incidence
rates, with Moscow being assigned to areas reporting
average rates within the M + ¢ interval [16]. The wide
range of healthcare facilities and laboratories perform-
ing diagnostic tests for detection of EBV infection
markers was an additional factor supporting the deci-
sion to perform the study in the capital (metropolitan
city).

For the analysis during this study, we used IM sta-
tistics data for Moscow and Russia for the 2000-2019
period (Form 2 "Data on Infectious and Parasitic Dis-
eases") and summarized data for test results for pres-
ence of chronic latent EBV infection markers (VCA
IgG and EBNA IgG) and active EBV infection markers
(VCA IgM, EA IgG, EBV DNA in blood and saliva)
in Moscow residents during 2011-2020; the data were
provided by INVITRO Independent Laboratory, LLC.
A total of 134,462 biological samples from men and
women from different age groups were examined for
VCA IgG within the 2011-2020 period; 138,232 sam-
ples were examined for EBNA IgG; 161,285 samples
and 82,556 samples were tested for VCA IgM and EA
IgG, respectively. Tests for presence of EBV DNA in
blood and saliva were introduced to practice only in
2014. During 2014-2020, a total of 39,683 blood sam-
ples and 13,702 saliva samples were examined for pres-
ence of EBV DNA. The samples re-collected from the
same people were not included in the study.

The incidence statistics data and laboratory test re-
sults were assessed using retrospective epidemiological
analysis followed by statistical analysis. IM incidence
rates were calculated as cases per 100,000 population;
the detection rate for EBV infection markers was calcu-
lated per 100 examined people (%). Multiannual ave-
rage rates were estimated, including their 95% confi-
dence intervals (CI). Any differences were considered
significant at any evidence against the true null hypoth-
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esis (p) of less than 5%, i.e. at p < 0.05. The upper limit
for the baseline value for intra-annual incidence was
calculated using the method [22].

To identify the relationship between the detec-
tion rates for EBV infection markers and IM incidence
rates, we used Spearman’s rank correlation coefficient
(7). The relationship was considered strong at » equal
to £ 0.7 or higher. The negative value of the coefficient
was indicative of inverse correlation, while its positive
value meant that there was a direct correlation.

Results

During 2000-2020, the IM incidence among the
Moscow population was insignificantly higher than the
incidence in Russia (Fig. 1); multiannual average rates
were 19.5 (95% CI 11.1-27.9) and 13.8 (95% CI 7.7—
19.9) per 100,000 population, respectively; any differ-
ences were not statistically significant. The 2015-2018
period was an exception, as the total Russian incidence
was slightly higher than the incidence in the capital.

The comparison of multiannual dynamics trends
showed that the IM incidence in Russia during 2000-
2019 was increasing steadily. At the same time, Mos-
cow demonstrated the repetitive occurrence of inci-
dence peaks and troughs every 9 to 11 years. The high-
est rates were recorded in 2010 and 2019 (24.11 and
24.73 per 100,000 population, respectively); the lowest
rates were reported in 2004 and 2015 (15.3 and 18.0 per
100,000, respectively). The sharp drop in IM incidence
in 2020 compared to 2019, both in Moscow and Russia,
can be explained by an actual decrease in the number of
cases as well as by lower detection rates for this infec-
tion during the COVID-19 pandemic.

The intra-annual dynamics of IM incidence in
Moscow during 2014-2020 was characterized by a sea-
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sonal upswing during the cold period of the year, from
October to April. The highest average rates during this
time span were reported in October, November, and
February (1.86; 1.89 and 1.82 per 100,000 population,
respectively; Fig. 2). Note that the seasonal incidence
peak was not observed in any other months of the year.
In 2014 and 2020, the highest rates were recorded in
February (2.05 and 2.23 per 100,000 population, re-
spectively), in 2015 and 2019 — in November (1.79 and
2.73), in 2016-2018 — in October (2.07; 1.99; 2.23).
The lowest incidence rates in October and November
were recorded in 2020 (0.93 and 1.41 per 100,000 pop-
ulation, respectively); the highest rates were reported in
2019 (2.31 and 2.73). In February, the lowest rates were
recorded in 2017 (1.36); the highest rates were recorded
in 2020 (2.23).

During all years, the highest IM incidence rates
were recorded among the child population in age
groups of 1-2, 3-6, 7-14, and 15-17-year-olds. Indi-
viduals aged 18 years and older as well as infants under
1 year were involved in the epidemic process to a lesser
extent.

The comparison between the period with the high-
er IM incidence rates (2009—2013) and the period char-
acterized by the lower rates (2014-2018) revealed sta-
tistically significant differences in multiannual average
rates for all age groups (p <0.05) except for people aged
18 years and older (p > 0.05). The multiannual average
incidence rates for total population during 2009-2013
and 2014-2018 did not demonstrate any statistically
significant differences (p > 0.05; Fig. 3).

At the same time, changes were observed in the
age structure of patients. Compared to 2009-2013,
the years showing lower incidence rates (2014-2018)
demonstrated a statistically significant decrease in the
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Fig. 1. IM incidence among the population in Moscow and Russia during 2000-2020 (per 100,000 population).
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Fig. 2. Intra-annual dynamics of IM incidence in Moscow:
multiannual average rates during 2014-2020
(per 100,000 population).

proportion of cases aged 1-2 years - from 12.4 (95%
CI 11.9-12.95) to 11.0% (95% CI 10.5-11.6) and those
aged 15-17 years — from 14.4 (95% CI 13.8-15.0) to
12.4 (95% CI 11.8-13.0) and a statistically significant
increase in the proportion of cases among people aged
18 years and older — from 28.6% (95% CI 27.8-29.4) to
31.1% (95% C130.3-31.9).

The analysis of test results for the presence of
chronic latent EBV infection markers revealed high
prevalence of VCA IgG and EBNA IgG among Mos-
cow residents. During the studied period, among the
total population, the VCA IgG seroprevalence was sig-
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nificantly (p < 0.05) higher than that of EBNA IgG —
74.9% (95% CI1 74.7-75.1) and 70.4% (95% CI 70.2—
70.7), respectively. The highest rate among the total
population for VCA IgG was recorded in 2019 — 76.1%
(95% CI 75.5-76. 8), the lowest rate was recorded in
2013 (73.6%; 95% CI1 72.9-74.3; p < 0.05). For EBNA
IgG, it was 72.1% (95% CI 71.2-72.9) in 2011 and 69.0
(95% CI 68.2-69.7; p < 0.05) in 2013. When the mul-
tiannual IM incidence dynamics and changes in the se-
roprevalence rates during 2011-2020 were compared,
Spearman’s rank correlation coefficient () was 0.35 for
VCAIgG and 0.3 for EBNA IgG. In both cases, the cor-
relation was estimated as weak, direct and insignificant.

The intra-annual dynamics analysis for 2014-2020
showed that the highest VCA IgG seroprevalence rates
were recorded from June to September; the highest rate
was reached in September — 78.4% (95% CI 77.6-79.3).
During the same months, the highest rates were also
recorded for EBNA IgG (the highest rate of 73.1% in
August (95% CI 72.1-74.0)). The lowest rates were re-
corded in November — 71.9% (95% CI 71.1-72.7) and
67.7% (95% CI 66.9—68.5), respectively (Fig. 4). The
differences between the highest and the lowest rates for
each marker were statistically significant.

The month-to-month comparison between the
intra-annual IM incidence dynamics and the changes
in the VCA IgG and EBNA IgG seroprevalence rates
during 2014-2020 demonstrated a significant, strong
inverse correlation: Spearman’s rank correlation coeffi-
cient (r) was —0.8 and —0.77, respectively. The seasonal
upswing in the incidence was accompanied by a sharp
decrease in the seroprevalence for both markers.

The seroprevalence rates in the age group of
0—17-year-olds (VCAIgG 54.9% and EBNAIgG 48,8%)
were significantly lower than among 18-39-year-olds
(VCA IgG 95.0% and EBNA IgG 92.6%), 40-59-year-
olds (VCA IgG 96.8% and EBNA IgG 93.2%), 60-year-
olds and older people (VCA IgG 97.0% and EBNA IgG
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Fig. 3. Multiannual average rates of IM incidence during 2009—2013 and 2014—2018 in Moscow per 100,000 population.
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Fig. 4. Intra-annual dynamics of VCA IgG and EBNA IgG
seroprevalence in Moscow during 2014—-2020 (%).

92.0%); p < 0.05. Note that the VCA IgG seropreva-
lence tended to increase with the age of the examined,
reaching its highest rates in the age group of 60-year-
olds and older. At the same time, the similar EBNA IgG
seroprevalence rate was the highest in the age group
of 40-59-year-olds, while demonstrating a significant
decrease among people of the older age (Table 1).

The VCA IgG and EBNA IgG seroprevalence
was significantly higher in the group of women than
among men (p < 0.05; Table 1). The statistical differ-
ences between rates recorded for women and men for
each marker were found in the group of 0—17-year-olds,
while the gender-related differences in VCA IgG rates

ORIGINAL RESEARCHES

were also significant in the age group of 18-39-year-
olds (p <0.05).

The analysis of detection rate markers of active
EBYV infection among residents of Moscow showed that
during 2011-2020, VCA IgM antibodies were detect-
ed in 16.5% of the examined (95% CI 16.3-16.7), EA
IgG —in 17.8% (95% CI 17.5-18.1), being significantly
higher (p <0.05) than the similar rates for VCA IgM. In
the meantime, the total number of people tested for EA
IgG (82,556 people) was twice as small as the number
of people tested for VCA IgM (161,285 people).

The viral DNA in blood was detected significant-
ly (p < 0.05) more rarely than other markers of active
EBYV infection — 4.2% (95% CI 4.0-4.4). The viral
genetic material was detected significantly (p < 0.05)
more frequently in saliva (35.5%; 95% CI 34.7-36.3)
than in blood and significantly more frequently than se-
rological markers of active EBV infection.

The year-to-year dynamics analysis showed that
the changes in the detection rate for VCA IgM per 100
examined people and the changes in the IM incidence
rates (2011-2020) were not synchronous (r = 0.32 —
weak direct insignificant correlation). At the same time,
the IM incidence rates and the detection rates for EA
IgG during 2011-2020 and for EBV DNA in blood and
saliva during 2014-2020 demonstrated a significant,
strong direct correlation (» = 0.85; 0.73 and 0.89, re-
spectively).

The inverse strong, significant correlation was
found between the month-to-month changes in the IM
incidence rates and the detection rates for VCA IgM,
EA IgG and EBV DNA in saliva per 100 examined peo-
ple (r =-0.74; r = —0.84 and r = —0.83, respectively).
The direct moderate, insignificant correlation was re-
vealed by the comparison between the incidence rates
and the detection rates for EBV DNA in blood (» = 0.6).

In total, the detection rates for VCA IgM, EBV
DNA in blood and saliva per 100 examined people

Table 1. Overall VCA IgG and EBNA IgG seroprevalence rates among men and women from different age groups residing in

Moscow during 2014-2020, % (95% Cl)

Age, years Marker Men Women Total contingent
0-17 IgG VCA 53,4% (52,9-54,0) 56,2% (55,6-56,7) 54,9% (54,5-55,3)
IgG EBNA 47,3% (46,8—47,9) 51,3% (50,7-51,8) 48,8% (48,5-49,2)
18-39 IgG VCA 93,7% (93,3-94,2) 95,7% (95,4-95,9) 95,0% (94,8-95,2)
IgG EBNA 91,6% (90,1-93,1) 93,0% (92,7-93,3) 92,6% (92,3-92,9)
40-59 IgG VCA 96,6% (96,1-97,0) 96,9% (96,6-97,2) 96,8% (96,5-97,1)
IgG EBNA 94,0% (93,4-94,6) 92,7% (92,2-93,1) 93,2% (92,9-93,5)
260 IgG VCA 96,4% (95,4-97,4) 97,3% (96,7-97,9) 97,0% (96,5-97,5)
IgG EBNA 92,6% (91,2-94,0) 91,7% (90,7-92,7) 92,0% (91,2-92,8)
Total IgG VCA 68,7% (67, 5-69,9) 79,9% (79,6-80,2) 74,9% (74,7-75,1)

IgG EBNA

63,9% (63,5-64,3)

75,6% (75,3-75,9)

70,4% (70,2-70,7)
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were significantly lower in the group of women than in
the group of men (Table. 2). Conversely, EA IgG were
detected significantly more frequently among women
generally and separately in each age group (p < 0.05).

Interestingly, the detection rates for VCA IgM
among the total examined population tended to de-
crease with the age of the examined. The opposite
trend was demonstrated by the detection rates for EA
IgG: the lowest rates were recorded in the age group
of 0—17-year-olds; the highest rates were recorded for
60-year-olds and older people (the differences between
the rates were statistically significant in all age groups;
p <0.05). EBV DNA in blood was detected significant-
ly more frequently among children aged 0-17 years
compared to the other age groups (p < 0.05), which, in
their turn, did not demonstrate significant differences (p
> 0.05). Conversely, the detection rates for EBV DNA
in saliva were the lowest in the age group of 0—17-year-
olds (p <0.05).

Discussion

The study revealed multiannual and intra-annual
cyclicity of IM incidence in Moscow.

The earlier studies of multiannual changes in the
above incidence in Moscow during 2000-2016 [17], in
the Perm Territory during 2006—-2015 [18], and in Sara-
tov during 1996-2009 [14] did not reveal any cyclical
patterns, which can be explained by IM diagnostic re-
cording errors [23, 24] as well as by the time span se-
lected for the analysis. In our study, we found that the
interval between two peaks (troughs) in IM incidence
was quite long, lasting for 9—11 years, and, as such,
was not identifiable during few years of monitoring.
It should be noted that the occurrence of multiannual
incidence cycles (long and short) was identified for a
number of infections [25], including those of herpesvi-
ral etiology [26]. For example, in the Republic of Belar-
us, chickenpox is characterized by repetitive incidence
peaks with an interval of 32 years for longer cycles, and
3 to 9 years for shorter cycles [27]. Further monitor-
ing of the IM incidence dynamics in Moscow may help
identify not only short (from 9 to 11 years) cycles, but
also longer ones.

IM seasonal patterns have received limited sci-
entific attention. Increased incidence rates during au-
tumn-winter-spring months were studied in Nizhny

Table 2. Detection rates for markers of active EBV infection among men and women from different age groups residing
in Moscow during 2011-2020, per 100 examined people (95% CI)

Age, years Marker Men

Women Total contingent

0-17

IgM VCA
IgG EA
EBV DNA in the blood

EBV DNA in saliva

21,0 (20,7-21,3)
15,3 (14,9-15,7)
6,6 (6,0-7,2)
31,4 (29,9-32,9)

18-39 IgM VCA 11,3 (10,8-11,8)
1gG EA 16,8 (16,0-17,6)

EBV DNA in the blood 2,0 (1,4-2,6)
EBV DNAin saliva 44,7 (42,1-47,3)

40-59 IgM VCA 5,0 (4,5-5,5)
1gG EA 16,7 (15,5-17,9)

EBV DNA in the blood 1,4 (0,7-2,1)
EBV DNA in saliva 48,9 (45,2-52,6)

260 IgM VCA 5,6 (4,4-6,8)
IgG EA 22,5 (19,6-25,4)

EBV DNA in the blood 1,5 (0,2-2,8)
EBV DNAin saliva 50,0 (42,3-57,7)
Total IgM VCA 17,1 (16,8-17,4)
IgG EA 15,9 (15,5-16,3)

EBV DNA in the blood

EBV DNA in saliva

4,8 (4,4-5,2)
37,2 (36,0-38,4)

24,6 (24,2-25,0)
17,0 (16,5-17,5)
7,5(6,8-8,2)
30,4 (28,8-32,0)
10,7 (10,4-11,0)
19,3 (18,7-19,9)
1,0 (0,7-1,3)
36,2 (34,4-38,0)
6,5 (6,1-5,9)
23,9 (22,8-25,0)
0,7 (0,4-1,0)
36,5 (33,9-39,1)
4,2 (3,5-4,9)
28,9 (26,8-31,0)
2,1(0,9-3,3)
435 (38,6-48,4)
16,1 (15,9-16,3)
19,3 (19,0-19,6)
3,8 (3,5-4,1)
34,2 (33,1-35,3)

22,6 (22,3-22,9)
16,1 (15,8-16,4)
7,0 (6,5-7,5)
30,9 (29,8-32,0)
10,8 (10,5-11,1)
18,5 (18,0-19,0)
1,4 (1,1-17)
39,1 (37,6-40,6)
6.0 (5.7-6,3)
21,2 (20,4-22,0)
1,0 (0,7-1,3)
40,8 (38,7-42,9)
4,7 (4,1-5,3)
26,8 (25,0-28,6)
1,9 (1,0-2,8)
45,4 (41,2-49,6)
16,5 (16,3-16,7)
17,8 (17,5-18,1)
4,2 (4,0-4,4)
35,5 (34,7-36,3)
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Novgorod and St. Petersburg [28, 29]; spring seasonal
patterns were reported in Norway and Italy [30]. Rus-
sian researchers have found the inverse correlation be-
tween the intra-annual changes in the incidence and the
changes in the outside air temperature [28]. The season-
al upswing in IM incidence in Moscow during the cold
period of the year had been described by the authors of
this study for the period of 2014-2018 [23, 24]. This
study covers a larger time span (2014-2020); the ob-
tained results re-confirm the marked increase in the IM
incidence from October to April, with the highest rates
recorded in November.

The typical IM incidence risk groups described
by other authors [14, 18, 20, 21] were also identified
during this study. For example, in age groups of 1-2,
3-6, 7-14, and 15—17-year-olds, the incidence was sig-
nificantly higher than among people over 18 years and
infants under 1 year. Furthermore, it was the incidence
among the child population that had a critical effect on
the overall peaks and troughs in the incidence, while the
multiannual average incidence rates among the adult
population, which were relatively high (2009-2013)
and low (2014-2018), did not demonstrate significant
differences. This can be explained by the fact that peo-
ple over 18 years are tested positive not for primary
acute EBV infection, but for reactivation of chronic
infections [31], which does not follow the general pat-
terns of epidemic prevalence and requires separate re-
cording and tracking.

This study is distinct in its parallel analysis of IM
incidence rates among the Moscow population and the
test results from a significant sample proportion of the
Moscow population tested for presence of EBV infec-
tion markers within a specific period of time.

Thus, for the first time in many years, using the
sample of more than 100,000 people, we assessed the
prevalence of EBV infection markers among the total
population of Moscow, the year-to-year and month-
to-month changes in the detection rates and their rela-
tionship with IM incidence rates, the higher occurrence
frequency of reactivated EBV infection among women,
and the age-related specifics of detection of active EBV
infection markers. Previously, seroprevalence had been
estimated for the limited groups of people who, as a
rule, had concomitant diseases, and the studied groups
included not more than 200 people in total [21, 32, 33].
There had been assumptions about higher prevalence
of EBV infection among women, though, due to small-
size samples of the examined population, no significant
differences had been found [34, 35]. During this study,
we found that women had higher VCA IgG and EBNA
IgG detection rates; they also demonstrated significant-
ly higher detection rates for EA IgG, which is, primari-
ly, a reactivation marker.

The results indicating the age-related change in
detection rates for markers of active EBV infection and
the fact of underestimating the role of EA IgG in the

ORIGINAL RESEARCHES

diagnosis of EBV infection, especially among the adult
population, are of practical significance. At significant-
ly higher detection rates for EA IgG (p < 0.05), the tests
for presence of this marker were conducted twice as
rarely as the tests for VCA IgM, which is, first of all,
a marker of acute primary infection and is quite rare-
ly detected during reactivation [36]. In our study, it is
confirmed by the absence of direct correlation between
the multiannual IM incidence rates and the VCA IgM
detection rates as well as by the existing strong direct
correlation between the above incidence rates and the
detection rates for [gG EA. The strong inverse correla-
tion between the intra-annual IM incidence rates and the
EA IgG detection rates is explained by the fact that this
marker is produced a month after the previous active
EBYV infection and remains in blood for 3 to 4 months.
Since EBV infection, due to the diversity of clinical
symptoms, may be difficult to diagnose, especially in
adult patients [37], EA IgG is an indispensable marker,
and tests for its presence are critical for identification
of the etiology of the pathological process. Therefore,
to improve the quality of diagnostics of EBV infection
and the accurateness of the diagnosis, it is important to
provide additional training to healthcare workers and
include subject-related courses in continuous medical
education [38].

Conclusions

The comprehensive approach used for studying of
EBYV infection in Moscow helped identify the follow-
ing epidemiological patterns:

* prevalence of chronic EBV infection markers
among the Moscow population is 74.9% for
VCA IgG and 70.4% for EBNA IgG (p < 0.05);

» multiannual dynamics of IM incidence is char-
acterized by the periodic occurrence every 9 to
11 years and has strong direct significant cor-
relations with the detection rates for markers of
active EBV infection (EA IgG — r = 0.85, EBV
DNA in blood — » = 0.73, and EBV DNA in sa-
liva—r=0.89);

* intra-annual dynamics of IM incidence is char-
acterized by a seasonal upswing during the cold
period of the year, with the highest rates in Oc-
tober, November or February, and a marked de-
crease in the VCA IgG and EBNA IgG seroprev-
alence (significant, strong inverse correlation:
r=-0.8 and r =-0.77, respectively);

* the risk groups for IM (primary infection) inci-
dence include children aged 1-17 years, which
can be seen from significantly lower, compared
to adults, detection rates for markers of chronic
EBYV infection (VCA IgG and EBNA IgG) and
higher rates for VCA IgM and EBV DNA in
blood;

* the contribution of adult population to the epi-
demic process is formed through reactivation of
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