BOMPOCHI BUPYCOJIOTMU. 2023; 68(4)
https://doi.org/10.36233/0507-4088-170

ANCKYCCHA

W) Check for updates

DISCUSSION

ORIGINAL STUDY ARTICLE |:|
DOI: https://doi.org/10.36233/0507-4088-170

© SOLOMAY, T.V., SEMENENKO, T.A., AKIMKIN, V.G., 2023

Characteristics of self-regulation of the epidemic process

of infection caused by the Epstein—-Barr virus (Herpesviridae:
Lymphocryptovirus, HHV-4)

Tatiana V. Solomay'?, Tatiana A. Semenenko®#, Vasiliy G. Akimkin'

'Central Research Institute of Epidemiology of Rospotrebnadzor, 111123, Moscow, Russia;

2.1. Mechnikov Scientific Research Institute of Vaccines and Serums, Ministry of Education and Science of Russia, 105064,
Moscow, Russia;

3National Research Center of Epidemiology and Microbiology named after Honorary Academician N.F. Gamalei of the Ministry of
Health of Russia, 123098, Moscow, Russia;

41.M. Sechenov First Moscow State Medical University of the Ministry of Health of Russia (Sechenov University), 119048, Moscow,
Russia

Introduction. Among the available scientific literature, there are no publications addressing processes of self-
regulation in the parasite-host population systems with reference to chronic infections, including the infection
caused by the Epstein—Barr virus (EBV infection).

The aim of the study is to assess manifestations of the epidemic process of chronic EBV infection through the
lens of the basic tenets of the theory of self-regulation of parasitic systems.

Materials and methods. The study was performed using data from scientific publications selected from such
database sources as Scopus, Web of Science, Cochrane Library, PubMed, CyberlLeninka, RSCI, etc. The list of
analyzed publications included published articles of the authors of this study, reporting the results of the retrospective
epidemiological analysis of the incidence of infectious mononucleosis in Russia in general and in Moscow in particular,
as well as the results of the laboratory tests regarding the detection frequency of specific antibodies to EBV proteins.
Results. The chronic course of EBV infection promotes a close long-term interaction between the pathogen and
the host. The genetic variability of the pathogen and the functions of specific and nonspecific human immune
defense systems play a key role in the interaction between two heterogeneous populations and underlie their
phasal self-transformation. A variety of social and natural factors (adverse chemical, physical, biological, climatic
impacts, etc.) trigger the reactivation of chronic EBV infection, thus providing the continuous existence of additional
sources of infection in the host population.

Conclusion. The analysis of the manifestations of chronic EBV infection in the context of the theory of self-
regulation of parasitic systems promotes the understanding of the factors underlying the unevenness of its
epidemic process. The obtained data can be adjusted for other infections having similar transmission mechanisms
and virus life cycles (including other herpes infections) to map out strategies to control the epidemic process of
chronic infections spread by aerosol transmission of the pathogen.
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BsepeHue. B goctynHol Hay4yHon nuTepatype OTCyTCTBYIOT paboTbl, ONUCIBalOLLME NPOLECCH Camoperynsaumm
B CUCTEME MNONynAuMiA «NapasuT—xo3sauH» AN MHPEKUUN, NMEILWNX XPOHUYECKOe TeveHne, K KOTOPbIM B TOM
yucne oTHoCUTCA MHAEKUUS, Bbi3BaHHasa BMpycom AnwteriHa—bapp (BOb-nHdekuns).

Llenb pa6oTbl — OLEHUTb NPOABMEHNsT ANMAEMUYECKOro npoLecca XxpoHudecko BOB-nHpekumm ¢ no3muum oc-
HOBHbIX MOMOXEHU TEOPUN CaMOperynaumnm napasutapHbIX CUCTEM.

Matepuanbl u MeTogbl. Matepranom Ans nccnegoBaHus NOCAYXKWUNW AaHHbIe HayYHbIX MyOnuKaumin, MOMCK KOTOPbIX
ocyLecTBnsAnu no 6asam AaHHbix Scopus, Web of Science, The Cochrane Library, PubMed, CyberLeninka, PUHL, n
Ap. B nepeyeHb npoaHanmanmpoBaHHbIX paboT BOLLAW paHee onybnmMKoBaHHbIE CTaTby aBTOPOB HACTOSLLEro UCCreao-
BaHWsA, B TOM YMCIe OMUChIBAIOLLME Pe3yrbTaTbl PETPOCNEKTUBHOIO ANMAEMUONOrMYecKoro aHanusa 3abonesaemocTu
MHEKLIMOHHBIM MOHOHYKNEo30M B Poccuiickon Penepauym B Lenom n Mockee B YHaCTHOCTM U AaHHble NPOBEAEHHbIX
nabopaTopHbIX UCCNEAOBAHWI, OTPaXaloLLIMe YacToTy BbISIBMEHWS creumdmnyecknx aHTuten k 6enkam BOb.
Pe3ynbratbl. XpoHunyeckoe TedeHne BOB-mHdekumm cnocobcTByeT TeCHOMY ANUTENbHOMY B3avMOOENCTBUIO
B030yauTens u xo3auHa. MeHeTnyeckas BapuabenbHOCTb naToreHa n 0cobeHHOCTV PYHKLMOHMPOBAHUSI CUCTEM
cneumnuryeckon n Hecneumnguyeckon UMMYHHONM 3aLLMTbl YeroBeKa onpeaensoT B3auMoaencTeme AByX retepo-
FEeHHbIX MOMYNSAUMIA U nexaTt B OCHOBe UX ha3osow camonepecTpoiikn. OTaenbHble coumanbHble U NPpUpoaHbIe
dakTopbl (HebnaronpusiTHele xnuMmnyeckme, dusnyeckme, bronornyeckme, KnMMaTMyeckme BO3OENCTBUA M Op.)
ABNSIIOTCA TpUIrepamm peakTneaumm xpoHudeckon BIOB-uHdekuum, 4to obecnevmBaeT NocTOSIHHOE Hanuyve B
nonynsauum xo3sivHa AoNOSIHUTENbHbIX MCTOYHUKOB UHMEKLMN.

3akntoyeHune. OueHKka NposBNEeHUNn XpoHuyeckon BOB-nHMekuun ¢ no3muun Teopun camoperynsaumMm napasm-
TapHbIX CUCTEM CMOCOBCTBYET NOHMMAaHWMIO NPUYUH HEPABHOMEPHOCTM TEYEHUS ee ANUAEMUYECcKoro npowecca.
Mony4yeHHble AaHHble MOTYT ObITb anNPOKCUMMPOBAaHbBI Ha APYrne MHAEKLMN CO CXOOHBIM MeXaHU3MOoM nepena-
Y U aHANOTMNYHBIM XU3HEHHbIM LIMKITOM BO3OyauTens (B T.4. MHble repretuyeckne 3aboneBaHns), YTo NO3BONUT
onpeaenuTb BO3MOXHbIE HanpasneHUs KOHTPOMS 3a aNMAEMUYECKUM MPOLIECCOM XPOHUYECKUX MHMPEKLNIA C aspo-
30MbHbIM MEXaHN3MOM nepeaayun Bo3dyauTens.
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Introduction

The Epstein-Barr virus (EBV) belongs to the Her-
pesviridae family, the Gammaherpesvirinae subfamily;
its structure and life cycle have been quite extensively
studied. Most people acquire an infection caused by EBV
(EBV infection) during childhood. The pathogen is gen-
erally transmitted via the aerosol route. Primary infection
can be asymptomatic or can cause pronounced clinical
manifestations typical of infectious mononucleosis [1].
Subsequently, the virus remains for life in the human
body, and the infectious process becomes chronic. Latent
phases alternate with phases of reactivation [2].

Although the variants of the clinical course of EBV in-
fection are described in detail in modern scientific liter-
ature, no effective etiotropic therapy has been developed
so far [3-5]. The pathogen’s ability to evade the host im-
mune response poses challenges to the development of
vaccines [6]. The lack of efficient treatment strategies and
specific prevention methods contributes to the ubiquitous
spread of EBV in the human population. Currently, up
to 90% of the world’s population is infected with EBV
[7].

Most of the scientific studies addressing EBV infec-
tion delve into clinical characteristics and immunological
aspects of the disease. The studies focusing on epide-
miology aspects in Russia tend to be narrowed down to
the analysis of incidence of infectious mononucleosis in
some regions [8, 9]. In the meantime, the reports of this
specific disease do not include any etiological decoding
of the diagnosis, thus leading to distortion and incorrect
interpretation of the data [10].

Generally, there are no statistical reports on EBV-
caused diseases in other countries. Rare articles discuss-
ing the epidemiological characteristics of EBV infection
are based on anamnestic data or laboratory test results for
individual population cohorts. For example, the analysis
of the detection frequency of infectious mononucleosis in
different age groups in Denmark was based on the survey
conducted among blood donors who informed about the
presence or absence of the above disease. The obtained re-
sults demonstrating higher infection rates among younger
children and adolescents cannot be seen as reliable, since
the collected information did not include medical docu-
mentation with laboratory test data [11].

A more detailed analysis was conducted in the Unit-
ed Kingdom, where researchers studied the incidence
of infectious mononucleosis hospital admissions, which
tended to increase in 2002-2013. Serological markers
for EBV infection were studied using serum samples
from 2,366 individuals aged 1 to 25 years, among which
chronic latent EBV infection was found in 85.3% of cas-
es. The authors arrived at the conclusion that there was a
direct relationship between the frequency of detection of
virus infection markers and the age of the study partici-
pants [12].

The above situation highlights the importance of the
analysis of the main characteristics of the epidemic pro-
cess of EBV infection, which should be studied through
the lens of fundamental theoretical generalizations
[13—15]. The pandemic of novel coronavirus infection
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(COVID-19) has prompted the global community to
look at the processes occurring in the interacting parasite
and host populations through the prism of the theory of
self-regulation of parasitic systems, which was proposed
by Russian epidemiologist Vitaly Belyakov in the 1980s.
This theory encompasses the mechanisms underlying
self-regulation, namely: the heterogeneity of interacting
populations through relations between each other; their
dynamic variability; the phasal development of the par-
asite; the regulatory role of social and natural factors in
phasal changes of parasitic systems [13].

The validity of Belyakov’s theory has been consistently
proven by examples of acute infections, when upon com-
pletion of the infectious process, the pathogen leaves the
host [14]. The theory of self-regulation of the epidemic
process was developed using the example of acute an-
throponotic airborne infections, such as acute respirato-
ry infections, streptococcal infections, diphtheria, etc.
[16, 17]. The theory of self-regulation of parasitic sys-
tems has been used to describe the epidemic process
of influenza and other acute respiratory tract infections
[18, 19]. Special attention is given to the nature of the
interaction between SARS-CoV-2, the causative agent of
the novel coronavirus infection, and the human host at the
population level [20-23]. At the same time, there are no
research publications that would incorporate theoretical
epidemiology into the description of interaction process-
es in the parasite-host system for chronic infections with
the aerosol transmission mechanism.

The aim of the study is to assess manifestations of the
epidemic process of chronic EBV infection through the
lens of the basic tenets of the theory of self-regulation of
parasitic systems.

To achieve the aim, we planned to check the presence or
absence of phasal transformation, considering the chang-
es in biological properties of the host and pathogen popu-
lations during their interaction, and to identify the role of
social and natural factors responsible for unevenness and
intensity of the development of the epidemic process and
its self-regulation.

Materials and methods

The study was undertaken as theoretical research and
was focused on the epidemic process of EBV infection,
which was analyzed though the lens of the basic tenets of
Belyakov’s theory of self-regulation of parasitic systems.

The study was performed using data from scientific
publications selected from such database sources as Sco-
pus, Web of Science, Cochrane Library, PubMed, Cyber-
Leninka, RSCI, etc. In our search, we also used Research-
gate and reference lists of review articles. The keywords
were as follows: Epstein-Barr virus, EBYV, infectious
mononucleosis, self-regulation of the epidemic process,
epidemic process of EBV infection. A total of 5,562 pub-
lications were selected using the keyword search to be
further narrowed down to 183 abstracts. The abstracts
were independently assessed for relevance and shortlist-
ed for further search for full-text articles. The final list of
full-text articles included 48 publications. The search was
not limited to any geographical location. The search time-
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span was 50 years. The search started on April 7, 2023,
and ended on June 21, 2023.

The list of analyzed publications included published
articles of the authors of this study, reporting the results
of the retrospective epidemiological analysis of the in-
cidence of infectious mononucleosis in Russia in gener-
al and in Moscow in particular, as well as the results of
the laboratory tests regarding the detection frequency of
specific antibodies to EBV proteins: immunoglobulin M
antibodies to the capsid antigen (VCA IgM) and immu-
noglobulin G antibodies to early, capsid, and nuclear anti-
gens (EA IgG, VCA IgG, and EBNA IgG). The above da-
ta provided a visual illustration of the tenets of the theory
of self-regulation with reference to the studied infection
and prompted assumptions regarding phasal variability of
the host population during interaction with EBV.

The data were analyzed using formal logic methods.
Microsoft Excel software for Windows was used to cre-
ate graphical representations. All diagrams are borrowed
from the previously published articles.

Results

Heterogeneity of EBV and human populations
and their interaction

The Epstein-Barr virus, also known as human herpesvi-
rus type 4, exhibits a tropism for different host lymphoid
and epithelial cells; it causes a chronic infectious process
with alternating phases of latency and reactivation.

The EBV genome encodes more than 85 proteins.
The virus population is heterogeneous: There are two
types distinguished by the differences in the EBNA2
gene and several variants distinguished by the gene en-
coding the latent membrane protein (LMP1) [24]. The
variability of other genes has been described, includ-
ing the gene encoding the surface glycoprotein, gp350,
which mediates the virus entry into a cell [25]. The
scientific literature provides data on the heterogeneity
of EBV within one host, which can increase signifi-
cantly during the reactivation of chronic infection and
decrease during the transition to the phase of latency
[24]. Since the diversity level is highly associated with
the stability of any biological system, the diversity of
the EBV population should be analyzed in two aspects
concurrently — the heterogeneity of pathogens circu-
lating among the host population and their heteroge-
neity within one individual, depending on the phase of
development of the infectious process. The life-long
persistence of EBV in the host cannot be maintained
in the latent state. Preservation of biological species
requires periodic reproduction of viral progeny [13].
In the meantime, the absence of heterogeneity of the
pathogen during reactivation could result in its prompt
recognition and elimination by the host immune sys-
tem. Therefore, EBV heterogeneity is a prerequisite
for reactivation and, consequently, for effective circu-
lation in the host population.

Diversity in the host population is governed by func-
tions of the systems responsible for specific and non-
specific susceptibility to EBV. Studies have shown that
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patients with EBV-caused infectious mononucleosis
demonstrated a decrease in the induced IFN-a and IFN-y
production [26, 27]. Primary EBV infection and reactiva-
tion of chronic infection are associated with changes in
the cellular component of the immune system — elevated
levels of cytotoxic CD8" T cells that can recognize and
destroy infected host cells, as well as the pronounced de-
ficiency of B cells that are principal EBV targets. Regard-
less of their age, in patients having clinical manifestations
of infectious mononucleosis, the number of B cells with
phenotypes «CD19", CD21", CD81*», «CD19*, CD21",
CD81"», and «CD19*, CD21", CD81 » is significantly
reduced compared to healthy individuals [28, 29].

The humoral immune response is mediated by specific
immunoglobulin antibodies to EBV proteins. The eval-
uation of the serological status of patients is generally
based on qualitative and quantitative detection of VCA
IgM, VCA IgG, EA IgG, and EBNA IgG. The detec-
tion of VCA IgM and EA IgG antibodies correlates with
different phases of primary infection or reactivation of
chronic EBV infection, while the presence of VCA IgG
and EBNA IgG antibodies is indicative of a chronic latent
process [30]. The previous study revealed the existence
of a strong inverse correlation between the changes in
the VCA IgG and EBNA IgG seroprevalence rates and
the intra-annual dynamics of the incidence of infectious
mononucleosis. At the same time, the incidence rates did
not rise above the upper range of the estimated threshold
during months characterized by high detection frequen-
cies for the above markers [31].

Dynamic variability and phases of development
of interacting populations

According to Belyakov’s theory of self-regulation, the
interaction between the parasite and host populations is
rooted in their variability, which governs the uneven de-
velopment of the epidemic process. The phases that the
pathogen population goes through are as follows: reser-
vation, epidemic transformation, epidemic spread, and
reservation transformation [13]. The interaction of all
elements of the system leads not only to an infectious
process, but also to development of population or herd
immunity. Thus, the host population also goes through
several phases, which do not have specific names and can
be defined as phases of a high level of herd immunity, a
decreasing level of herd immunity, a low level of herd im-
munity, and an increasing level of herd immunity. During
the interaction, the changes in one population will cor-
respond to the changes in the other. The comparison of
changes during the epidemic process of EBV infection is
presented in the Table.

It should be noted that the concept of herd immunity
is generally associated with specific immunoprophylaxis
strategies. Vaccination is a highly effective measure that
can significantly reduce the burden of infectious diseases,
morbidity, and mortality [15]. However, there is currently
no vaccine against EBV infection, and the level of im-
mune protection required for prevention of the epidemic
spread of the pathogen has not been identified [6, 32].
Therefore, this article is focused solely on post-infection
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immunity, leaving out quantitative assessment of its level,
which requires an individual study.

The table demonstrates that a variety of functional hu-
moral and cellular defense mechanisms have been accu-
mulated during the phase of a high level of herd immu-
nity, preventing the transition of the pathogen from the
latent existence to replication (reactivation) during chron-
ic EBV infection. The above phase is characterized by a
high prevalence of the pathogen among the population,
while the proportion of individuals exposed to risk of pri-
mary infection remains at the lowest level. Since most of
the individuals have a high level of immune protection,
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the host population has low heterogeneity and low sus-
ceptibility to EBV.

Without intense circulation of the pathogen, the human
immune system gradually “forgets” it, and its alertness
decreases. The proportion of children born to non-im-
mune mothers increases [32]. As the susceptibility to
EBYV decreases, some individuals develop conditions for
reactivation of chronic EBV infection. The heterogeneity
of the host population increases. The sources of infection
accumulate, demonstrating the trend typical of the phase
of a decreasing level of herd immunity. According to the
theory of self-regulation, the respective changes in the

Table. Interaction-induced phase variability of the EBV and human populations
Taoauna. @a3zoBasi ”3BMeHYUBOCTH nonyJsinuu BObB u yesioBeka B pe3yiabTare B3auMoeiicTBust

EBYV population Interaction range Human population
Tomnynsuus BOb O06nacTp B3auMozeicTBHA Tomynsauus yenosexa
manifestations of the epidemic process
phase description through the incidence dynamics description phase
(1]338 XapaKTEPUCTUKaA TIPOSABIICHUS SIUAEMHUYECKOT'O ITpo1iecca XapaKTEpUCTUKa (1)&38.
Ha pUMepe JMHAMHUKH 3a0071eBaeMOCTH
Reservations Low heterogene- Interepidemic period Low heterogeneity and susceptibility (the highest High level
PezepBanun ity and virulence (low incidence rates) level of specific immune protection against EBV of herd
T'ereporenHocTh Mex3muIeMuIecKuil mepruos in individuals with chronic infection — the latent immunity
¥ BUPYJICHTHOCTh  (TIOKa3aTen 3a00J1eBacMOCTH HHU3KHE) phase of the disease; the lowest proportion of Bericokoro
HU3Kast seronegative individuals in the total population —  ypoBHs momy-
low risk of infection) JSALMOHHOTO
T'eTeporeHHOCTh U BOCIPUMMYUBOCTD HU3Kas HMMYHHTETa
(MaKCUMAaJIbHBIN YPOBEHbD CIEIM(PHICCKOM
MMMYHHOMH 3a1iThl B oTHOmeHn:n BOB y iy
¢ XpoHHueckoi nHpekuen — nareHTHas ¢aza
00JIe3HN; MUHHMAIIbHASL 1071 CEPOHEraTHBHBIX
JIHL B 001IeH NOMyNSUY — HU3KUH PUCK
HHOHUIUPOBAHMS)
Epidemic Increasing Increasing incidence Increasing heterogeneity and susceptibility Decreasing
transformation  heterogeneity and Iloxbem 3aboneBaeMoCTH (Decreasing level of specific immune protection  level of herd
Onuaemuyec- virulence against EBV in people with chronic infection — immunity
KOro npeobpa- Poct reactivation; increase in the proportion of sero- CHuxeHus
30BaHUS TeTepOreHHOCTU negative individuals) YpOBHS
U BUPYJICHTHOCTH POCT reTepOreHHOCTH M BOCTIPUHMYHBOCTH MOIYJIsI-
(CHmxenne ypoBHs crienu(puiecKoil HUMMYHHON IMOHHOTO
3aIUThl B OTHOLIEHHH BB y su1l ¢ XpoHnye- UMMYHHUTETA
CKOM MH(EKIHeil — peakTHBALKS; POCT YACIBHO-
T'0 BeCa CEpOHEraTHBHBIX JIHII)
Epidemic Decreasing Persistent high incidence Decreasing heterogeneity and high virulence Low level
spread heterogeneity and Crarramus mokasaremnei (The lowest level of specific immune protection of herd
Onuaemuye- high virulence 3a00J1€Ba€MOCTH Ha BBICOKOM ypoBHe  against EBV in people with chronic infection; the immunity
CKOT'O Pacmpo- CHmKeHHe highest proportion of seronegative individuals in Hwuskoro
CTpaHEeHUs reTepOreHHOCTH the population) YPOBHS
Ha (hOHE BBICOKOI CHIKEHHE TeTepOreHHOCTH Ha (JOHE BBICOKOM HOMYJIsI-
BUPYJIEHTHOCTH BOCHPHUUMUYHMBOCTH (MHHHUMAJbHBIA YPOBEHb LIMOHHOT'O
crielu(pUIecKoii IMMYHHOI 3alllUTHl B OTHO- HMMYHHUTETa
wennn BOB y nuil ¢ xpoHuueckoit nHpekiuei;
MaKCHMallbHast 10JIs1 CEPOHETaTHBHBIX JIUI] B
TIOTTYJISLIMN )
Reservation Increasing het- Decline in the incidence Increasing heterogeneity and decreasing sus- Increasing
transformation erogeneity along Cnan 3a0o1eBaeMOCTH ceptibility (Increasing level of specific immune level of herd
Pesepsarmon- with decreasing protection against EBV in people with chronic immunity
Horo rpeobpa-  virulence and the infection; a decrease in the proportion of seroneg-  Hapacranus
30BaHUS number ative individuals) YPOBHSI HIOITY-
Poct rereporen- PoCT reTepOreHHOCTH ¥ CHIYKEHHE BOCITPHHIM- JSILIAOHHOTO
HOCTH Ha (oHe yuBocTH ([ToBbIIeHHEe ypOBHS crienuduUeckol  UMMYHHTETa

CHIDKAIOIIEHCS
BUPYJICHTHOCTH U
YUCJIEHHOCTH

UMMYHHOM 3amuThl B oTHOmeHun BOB y i ¢
XPOHUYECKOH HH(DEKIMEH; CHIDKCHUE YACIbHOTO
BECA CEPOHEraTHBHbIX JIMII)
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Fig. 1. Multi-year dynamics of the infectious mononucleosis incidence in Moscow in 2003-2017 (per 100,000 population)
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pathogen population correspond to the phase of epidemic
transformation and are associated with increasing hetero-
geneity and virulence of the virus [13].

The phase of a low level of herd immunity promotes
ideal conditions for activation of the transmission mecha-
nism: There is a sufficient number of sources of infection
and susceptible individuals. All of them have the lowest
levels of immune protection against EBV, thus contribut-
ing to the low heterogeneity and the high susceptibility of
the host population. Individuals previously not exposed
to EBV get infected and individuals with chronic EBV
infection develop superinfection (epidemic spread of the
pathogen).

In some individuals, the development of primary EBV
infection, superinfection, or reactivation of chronic EBV
infection triggers an increase in the level of herd immu-
nity. Although there are multiple sources of infection
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during this period, the pathogen keeps spreading until
the peak of heterogeneity is reached. Then, the propor-
tion of susceptible individuals decreases dramatically,
and EBV gradually loses its virulence and moves into a
latent state.

The aforesaid is confirmed by the results of the pre-
vious retrospective epidemiological analysis [31].
Figure 1 presents a fragment of multi-year dynamics of the
infectious mononucleosis incidence in Moscow; the time-
span between two troughs (2004 and 2015) was 11 years.
The lowest incidence rates (2003—2005 and 2015-2017)
correspond to the phases of reservation in the pathogen
population and high level of herd immunity in host popu-
lation. The increase in the incidence in 20062008 result-
ed from the increased heterogeneity of interacting popu-
lations (phases of epidemic and infection transformation).
The highest rates were reported in 2009-2012 and corre-
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spond to the phases of epidemic spread and low level of
herd immunity. The decrease in the pathogen virulence
and host population susceptibility explains the decrease
in the incidence in 2013-2014 (phases of reservation
transformation and increasing level of herd immunity).

Similar trends are observed in the intra-annual dynam-
ics of the incidence of infectious mononucleosis, which
generally demonstrates a slight seasonal upswing during
cold months (Fig. 2). The multi-year average rates over-
shooting the upper range of the background rates were
recorded from September to May. The slight decrease
in the incidence in January could be caused both by
the disconnection of the host population and by the re-
duction in the reported number of cases of infectious
mononucleosis during New Year holidays [31, 33, 34].
Fig. 2 presents the infectious mononucleosis incidence
rates compared to the VCA IgG prevalence among Mos-
cow residents. In June—September, the VCA IgG de-
tection frequency demonstrated the highest levels, thus
implying low incidence rates among the population. In
October—November, the prevalence rates decreased sig-
nificantly, while the incidence increased. In April-May,
on the contrary, while the number of cases of infectious
mononucleosis was decreasing, the frequency of detec-
tion of the above marker was gradually increasing. The
above data provide a vivid illustration of phase transfor-
mations, which occur in the host population during the
interaction with EBV.

Regulatory role of conditions
(social and natural factors)

Based on the tenets of the theory of self-regulation, all
social and natural factors can be divided into three groups
depending on the type of their impact on the phase nature
of development of the epidemic process [13]:

— factors affecting the vertical (through succession of
generations) and the horizontal (migration, emergence of
new groups) “mixing” of people;

— factors activating the mechanism of pathogen trans-
mission;

— factors decreasing immunity and resistance.

By “mixing” we mean interaction between the individ-
uals who have not been previously exposed to EBV (or
any of its genetic variants) and infected people. Note that
the highest proportion of individuals who are not immune
to EBV is observed in the age group of children younger
than 2 years old [32]. With increasing age, the seropreva-
lence rates tend to increase and reach the highest level by
the age of 30—40 years, demonstrating a slight decrease
by the age of 50-60 years [7]. The above patterns illus-
trate the role of demographic changes in the structure of
the population as one of the factors regulating the intensi-
ty of the epidemic process [14].

The frequency and intensity of contacts among individ-
uals depend on their social activity, which is lowest among
younger children and older people. Social processes con-
tributing to horizontal mixing include migration of pop-
ulation, including daily commuting by public transport,
formation of new organized groups (for example, through
conscription), and restarting of the previously established
groups, for example, after summer vacations (preschool
and school educational organizations) [35, 36]. In the
case of EBYV, the main prerequisite for horizontal mixing
is the existence of territorial patterns of the spread of its
genetic variants [24].

In addition to the aforesaid, the role of horizontal mix-
ing in the regulation of the epidemic process can depend
on the population density of a certain area. The analy-
sis of data on EBV infection did not demonstrate any
significant correlation between the VCA IgM and EA
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IgG detection frequency and the population density in
regions of Russia. At the same time, there is a linear re-
lationship of moderate strength between the multi-year
average incidence rates of infectious mononucleosis and
the population density. The explanation can be found in
the fact that the closeness of contacts among individu-
als has an impact on the EBV spread among non-im-
mune individuals, while having no significant effect on
reactivation of chronic infection, which is triggered by
other factors [37]. The analysis of the causes underly-
ing changes in the incidence of infectious mononucle-
osis in 2020 shows that the restrictive measures aimed
at disconnection of the population and reduction of the
risk of aerosol transmission of SARS-CoV-2 resulted in
reduction of intensity of the epidemic process of EBV
infection [38].

An important role in the epidemic spread of the patho-
gen is played by factors inducing the activation of trans-
mission mechanisms. The aerosol transmission is the
main transmission route for EBV; it requires the presence
of the pathogen in the upper respiratory tract as well as
factors inducing the formation of the aerosol.

It has been found that the EBV DNA detection fre-
quency in the saliva of the examined individuals does
not have significant differences during warm and cold
seasons of the year, while the incidence of infectious
mononucleosis is characterized by an autumn-spring
seasonal upswing [33] concurrent with the peaks of oth-
er upper respiratory tract infections [34]. It should be
noted that infectious mononucleosis develops without
pronounced catarrhal symptoms, which, in their turn,
contribute to the formation of an infectious aerosol.
During seasonal upswings, EBV co-circulates in the
host population with other pathogens that cause upper
respiratory tract infections. The previous studies have
shown that during cold months of the year, EBV was
detected in nasopharyngeal and oropharyngeal swabs
in 33.7-37.1% of individuals examined during the in-
fluenza and ARVI monitoring, and in 16.3-18.6% of
individuals, it was detected together with other patho-
gens. In co-infections, a runny nose and cough result in
the formation of an infectious aerosol containing EBV,
along with other pathogens [39, 40].

Note that pathogens of other infectious diseases not
only have a significant role in activation of the aerosol
transmission mechanism, but also trigger the reactiva-
tion of chronic EBV infection, since they significantly
change immunological reactivity and can enter a com-
petitive relationship with EBV, having tropism for the
same cells. Scientific publications describe cases of re-
activation of EBV infection in patients with HIV infec-
tion [41, 42], hepatitis B [43], tuberculosis [44, 45], and
COVID-19 [46].

In addition to pathogenic microorganisms, EBV reac-
tivation can be induced by different types of ionizing
radiation, as, for example, demonstrated in astronauts
during spaceflights [47]. In the experiment, the cell cul-
ture containing the EBV-positive cell line was exposed
to 4 different types of radiation: *’Cs gamma rays, 150-
MeV protons, 600 MeV/n carbon ions, and 600 MeV/n
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iron ions at doses of 0.1, 0.5, 1.0, and 2.0 Gy. It was
found that the EBV lytic gene transcription and, con-
sequently, EBV reactivation occurred for all types and
doses of radiation 4 days after the exposure. Gamma
rays were most effective in inducing reactivation. The
researchers also found that EVB reactivation could oc-
cur due to the effect of different types of radiation on
latently infected cells in the absence of changes in the
host immune system [48].

Among other factors that have a direct impact on the
parasite-host system we can single out the climatic im-
pact. It has been found that in Russia, areas with high sero-
prevalence rates for IgG EBNA antibodies among adults
are located in unfavorable climatic zones. For example,
the Republic of Kalmykia, Astrakhan and Orenburg Re-
gions (the zones of steppes, semi-deserts, and deserts)
have a continental climate with sharp daily and season-
al variations in temperature. The Murmansk Region and
the Republic of Sakha (Yakutia), which are located in the
tundra zone, are characterized by the combination of low
temperatures and high humidity [37].

Thus, various natural and social factors are the main
drivers regulating the epidemic process, having an impact
on its intensity and dynamics, and, consequently, on the
heterogeneity of parasite and host populations. V. Be-
lyakov believed that the ability to control these factors
should form the core of preventive and epidemic con-
trol measures [13]. At the same time, the best results are
achieved by measures aimed at enhancement of the host
immune protection [14].

Currently, there are no approved vaccines for prevent-
ing EBV infection. Vaccine candidates are being devel-
oped in different countries; however, none of them have
brought the desired result [6]. Therefore, the measures
aimed at enhancement of immune protection should in-
clude preventive vaccination against other pathogens that
play a critical role in the reactivation of chronic EBV
infection as well as nonspecific immunoprophylaxis.
Reduction of the impact of other factors contributing to
reactivation is of high importance, including prevention
and timely treatment of concomitant somatic diseases,
minimization of adverse household, job-related and other
impacts, promotion of healthy lifestyle.

To prevent the activation of the transmission mecha-
nism, the measures should include such key components
as disinfection and sterilization (disinfection of indoor
air, household items, utensils, surfaces; disinfection,
pre-cleaning, and sterilization of medical equipment and
instruments; disinfection of epidemiologically dangerous
medical waste), as well as personal respiratory protec-
tive equipment to be used in crowded places, especially
during seasonal peaks in the incidence of upper respirato-
ry tract infections.

The factors contributing to mixing of people are less
responsive to man-made impacts. At the same time, the
ban on travel across countries and regions, which was
imposed during the COVID-19 pandemic, played a cru-
cial role in the implementation of public health measures
against the novel infection and can be used in emergency
situations caused by other diseases.
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Conclusion

The analysis has shown that the chronic course of EBV
infection promotes a close long-term interaction between
the pathogen and the host. The genetic variability of the
pathogen and the functions of specific and nonspecific
human immune defense systems play a key role in the
interaction between two heterogeneous populations and
underlie their phasal self-transformation. A variety of so-
cial and natural factors (adverse chemical, physical, bi-
ological, climatic impacts, etc.) trigger the reactivation
of chronic EBV infection, thus providing the continuous
existence of additional (along with patients with primary
infection) sources of infection in the host population.

The analysis of the manifestations of chronic EBV in-
fection in the context of the theory of self-regulation of
parasitic systems promotes understanding of the factors
underlying the unevenness of its epidemic process. The
obtained data can be adjusted for other infections hav-
ing similar transmission mechanisms and virus life cycles
(including other herpes infections) to map out strategies
for control over the epidemic process of chronic infec-
tions spread by aerosol transmission of the pathogen.
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