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The virologists’ attention to bats (Chiroptera) changed in the late 20th century as the concept of emerging infec-
tions grew in popularity. Since the beginning of the COVID-19 pandemic, the number of publications on bat viruses
has increased profoundly.

History of the problem; biodiversity of Chiroptera and related viruses; medical and veterinary significance of some
viral genera and subgenera (Lyssavirus, Henipavirus, Marburgvirus, Ebolavirus, Sarbecovirus, Merbecovirus), as
well as problems of bat protection, are addressed in a concise form. Literature search was carried out in electronic
databases, mainly for the period of 2000-2021. Publications in Russian that are poorly represented in English-lan-
guage reviews are also included. The purpose of the review is to substantiate the importance of an interdisciplinary
approach in the context of increased interest in the study of viral infections in bats. This review was written for
researchers who have not previously dealt with this problem.

Since the beginning of this century, the number of known virus species associated with bats has increased by
an order of magnitude (>200). The families Rhabdoviridae, Coronaviridae, Paramyxoviridae are in the first ranks
according to the number of findings, and the highest diversity of viruses has been established for the families Ves-
pertilionidae, Pteropodidae, Molossidae. Interdisciplinary cooperation positively influences the efficiency, biological
safety and practical significance of the ongoing research. The best results were achieved by multidisciplinary
teams with good cross-training in several specialties. Many papers emphasize the need to balance health and
conservation interests.

The analysis of scientific publications indicates a change in research approaches in this area: from collecting in-
dividual facts within the framework of narrow specialties to a comprehensive assessment of new knowledge from
ecological, evolutionary and socio-economic positions. Results of the research emphasize the need to maintain
complex approaches addressing public health needs and environmental protection. The importance of bat-borne
viral infections determines the necessity for correction and interdepartmental coordination of scientific research
and surveillance of wildlife zoonoses in the Russian Federation.
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BMpbeI N nety4vyme Mblillin: MexaucumuniinHapHbie I'IpOG.ﬂeMbI

BoTtBuHknH A.L.

PrbOY BO «MpKyTCKMi rocyaapCTBEHHbIM MeQULMHCKUI yHuBepeuteT» MuHagpasa Poccun, 664003, MpkyTck, Poccus

OTHOLLEHME BMPYCONOroB K pyKOKpbInbIM (Chiroptera) nameHunocb B koHue XX B. Ha hoHe pocTa nomnynspHoOCTH
KOHLENLMM HOBbIX U BO3BpaLLatoLwumxcs (emerging) uHdekumin. Mocne Havana naHgemun COVID-19 konuyecTBo
nyoénukauun o BUpycax pyKoKpbISibIX pe3ko BO3pOCHO.

B 0630pe paccMoTpeHbl NCTOpUS U3yYeHust, Bronormiyeckoe pasHoobpasne TUX KUBOTHBIX U CBA3AHHbLIX C HUMU
BMPYCOB, MEAMLIMHCKOE N BETEPUHAPHOE 3Ha4YeHNe HEKOTOPbIX TakCOHOB (Lyssavirus, Henipavirus, Marburgvirus,
Ebolavirus, Sarbecovirus, Merbecovirus), a Takke npobnembl 0xpaHbl PyKOKpbInbIX. Monck MHdopMaumm npo-
BEAEH B 9MEKTPOHHbIX Oasax AaHHbIX npevmyLecTBeHHO 3a nepuog 2000—2021 rr. BkntoyeHbl nybnvkaumm Ha
PYCCKOM 513bIKe, HEQOCTAaTOMHO NMPEACTABMNEHHbIE B @HIOA3bIYHbIX 0630pax.

Llenb npeactaBnsiemont paboTbl COCTOUT B OOGOCHOBAHUN BaXXHOCTU MEXAMCLUNIIMHAPHOIO noaxoda K uay-
YEHWIO BUPYCHbIX MHEKLUIA PYKOKPBINbIX B YCMOBMSAX BO3POCLUErO MHTEpeca K AaHHoW npobneme. O630p
ajpecoBaH npexae Bcero uccregoBaTensm, paHee HENOCPEeACTBEHHO He 3aHMMaBLUMMCH 3TOW 00nacTbio
Hay4YHbIX 3HAHUN.

C Havyana TeKyLLero CToneTus YACNO U3BECTHbLIX BUOOB BUPYCOB, aCCOLMNPOBAHHbBIX C PYKOKPbISbIMU, BO3POCIO
Ha nopsigok (>200). MepBble paHroBble MecTa Mo YMCIy Haxo4oK 3aHMMatoT ceMeiicTBa Rhabdoviridae, Coronavi-
ridae, Paramyxoviridae, a Hanbonee BbICOKOEe pa3HO0bpasne BMPYCOB YCTAHOBMEHO AN PYKOKPbINbIX CEMENCTB
Vespertilionidae, Pteropodidae, Molossidae. MexgucumnimHapHoe B3auMOLENCTBUE MONMOXUTENBHO BIIUSAET Ha
pe3ynbTaTMBHOCTb, BMonornyeckyto 6e30nacHOCTb M NPAKTUYECKYD 3HAYUMMOCTb MPOBOAUMbIX UCCINEAOBAHMUN.
Jlydwine pesynstaTbl 4OCTUMHYTHI KOMaH4AaMW, B COCTaB KOTOPbIX BXOAWUNM MPeacTaBUTENNM pasHbIX crneuunarnb-
HOCTEN C XOpOLUEeW NMOATOTOBKOM MO CMEXHbIM Bonpocam. Bo MHormx pabotax nogyé€pkmBaeTcss He06X0AMMOCTb
cobntogeHns banaHca MHTEPECOB B cdhepax 30paBOOXPAHEHNS U OXPaHbl MPUPOAbI.

AHanma Hay4HbIx nybnvkaumin cBnaeTenbcTByeT 00 N3MEeHEHUN NOAXO0O0B K UCCIeL0oBaHUSIM B 3TON obnacTtu: ot
cbopa hakToB B pamkax OTAENbHbIX CreLmanbHOCTEN K KOMMIEKCHOW OLEHKE HOBbIX 3HaHWUA C 3KOMOrMYecKuX,
3BOSMOLIMOHHBIX U COLIMANbHO-3KOHOMMUYECKMX NO3ULNIA. AKTYanbHOCTb CBA3AHHBLIX C PYKOKPbINbIMU BUPYCHbBIX UH-
dekumit onpenensier HeobXxoaNMOCTb KOPPEKLUN N MEXBEAOMCTBEHHOW KOOPAUHALMM Hay4HOW paboTbl 1 anuae-
MMWOMOrM4eckoro Haa3opa 3a 300Ho3amu B Poccuiickon degepavmn.

KnroueBble cnoBa: 8UpyChl; PyKOKPbIbIE; lemyque MbItiu; MEXOUCUUNIUHapHbIU rnooxod

Onsa untupoBaHusa: BotBuHkMH A.[l. BUpycbl 1 NeTy4me MbllLn: MEXANCLMNIMHApHbIE Npobnemsl. Borpock! su-
pyconoauu. 2021; 66(4): 259-268. DOI: https://doi.org/10.36233/0507-4088-79

[na koppecnoHaeHumn: BOTBMHKMH Anekcanap OMuTprueBny, O-p MeA. Hayk, 3aBeaytoLmi kadeapon anuaeMmo-
norun, ®rbQyY BO «UpkyTckuii rocyaapCTBEHHbIN MeAMLIMHCKUI yHBepcuTeT» Munagpasa Poccumn, 664003, Up-
kyTck, Poccus. E-mail: botvinkin_ismu@mail.ru

®duHaHcupoBaHue. PaboTa BbinonHeHa npv huHaHcoBOW noaaepxke npoekta Poccuiickoro doraa pyHaameHTanbHbIX
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BnaropapHocTu. ABTOp BbipaxaeT bnarogapHocTb W.B. Ky3bmuHy (bromegmumHCcKass u KOHCanTUHroBask KOMMaHus
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KoHnUKT nHTepecoB. ABTOp 3asBnseT 06 OTCyTCTBUM KOH(PIIMKTa UHTEPECOB.

Moctynuna 03.06.2021
MpuHaTa k neyat 01.08.2021
Ony6nukosara 31.08.2021

Relevance of the Issue

New knowledge regarding viruses associated with chi-
ropterans (Chiroptera) has significantly changed the par-
adigm surrounding the reservoir of zoonotic infections. In
the first half of the last century, it was a generally known
fact that vampire bats (Phyllostomidae, Desmodus rotun-
dus) were direct participants in the spread of rabies in the
tropics of the American continent [1]. Due to the publi-
cation of the main provisions of the theory of the natu-
ral foci of diseases [2], study of vector-borne infections
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was initiated in different regions of the world and bats
were examined using virological methods as were other
warm-blooded animals [3, 4]. During the same period,
bat rabies was being actively studied in the United States
of America (USA) and Canada. As a result, data began to
accumulate on the isolation from these animals of viruses
from various systematic groups. In 1974, Edward Sulkin
& Rae Allen published the first summary on bat-borne
viruses [cit. by 5]. In most cases, new evidence was con-
sidered exotic and without practical value. The attitude of
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virologists towards bats, however, was altered at the end
of the 20" century after the publication of the Concept of
Emerging Infections [6] and the growth in popularity of
the subject [7-9].

The COVID-19 pandemic has sharply aggravated the
problem. The global spread of this new disease and the
similarity of SARS-CoV, MERS-CoV and SARS-CoV-2
to bat coronaviruses has given rise to the interest of re-
searchers who had not studied chiropteran viral diseases
before. Finally, the overall number of publications re-
lated to the issue, all of varying quality, has sharply in-
creased. Currently more than three thousand original and
review articles on viruses associated with chiropterans
have been published, including manuals, monographs
[3, 8-10] and a series of recent reviews in the Russian
language [4, 11-18].

The purpose of the review is to substantiate the impor-
tance of an interdisciplinary approach in the context of
increased interest in the study of viral infections in bats.
The need for an interdisciplinary approach is determined
by the specifics of the objects under investigation and
methods of field research, the full understanding of which
is important in order to reach a consensus in the event
of a conflict of interests between virologists and special-
ists in the field of environmental protection. However,
this is no less important from the point of view of the
efficiency, biological safety and the practical significance
of the performed studies. Due to the presence of limited
knowledge amongst researchers regarding chiropterans,
errors inevitably occur in the names of species and taxa
of different ranks, as well as in assessments given to the
epidemiological significance of such animals [19, 20].
The data published on bat-borne viruses in the Russian
Federation are scarce and mainly include review papers.
It is expected that there will be an increase in the number
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of related scientific projects and an inflow of young sci-
entific personnel who are acquainted with only one side
of the issue. This review is primarily addressed to this
category of researcher.

Our data search was conducted using the Web of Sci-
ence, Scopus, PubMed, Google Scholar, eLIBRARY
databases using the following keywords: «viruses and
bats», «emerging diseases and bats», «bat biology»,
«bat conservation» within the 2000 to 2021 timeframe.
Thereafter, the search was continued through lists of cited
sources and other traditional methods, selecting publica-
tions confirming the importance of an interdisciplinary
approach. The review includes national publications that
are poorly represented in extra-national English-language
scientific publications.

Virological studies

Since the beginning of the 21 century, the number of
publications on chiropteran viruses has rapidly increased.
During two periods of time the number of publications per
year was observed to have more than doubled: 2004-2007
and 2020-2021 (Figure). There is also an obvious associ-
ation with coronavirus epidemics caused by MERS-CoV,
SARS-CoV and SARS-CoV-2 and attempts to establish
their origin. At the beginning of this century, in the sum-
mary by Charles Calisher et al., there were data on 66 vi-
ruses that have been isolated from or detected in 74 spe-
cies of chiropterans [5]. Rapid progress was traced when
compared with later publications [7, 8, 12]. In the recently
published monograph, more than 200 viruses of 27 fam-
ilies were identified [10]. A catalog of viruses discovered
in chiropterans up to 2020 was published, which includ-
ed 260 species of 19 orders, 28 families, 61 genera, and
excluded a large number of unclassified viruses [22]. It is
thus evident that an accurate calculation of their numbers
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KommaectBo my6nukarmii o BUpycaM pyKOKpbUIBIX Ha poTsbkernu 2000-2020 rr. (o qanasiM PubMed; kimtoueBble coBa «viruses
and bats»; mara nocrymna 26.07.2021).
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is impossible due to the rapid updating of knowledge and
the different approaches to assessing biodiversity. It was
not always possible to isolate viruses and identify them
flawlessly; some findings were represented by fragments
of the genome only [3, 10, 21]. The bat virom was studied
with the help of metagenomic sequencing with an unclear
assessment of the results [23]. Regardless, there was gen-
eral understanding of the relation between different sys-
tematic groups of viruses and chiropterans. The families
of the viruses Rhabdoviridae, Coronaviridae, Paramyxo-
viridae rank first in terms of the number of findings, and
the highest diversity of viruses was observed in the chi-
ropterans of the families Vespertilionidae, Pteropodidae
and Molossidae [21]. The modern taxonomy of bat virus-
es is presented on the website of International Committee
on Taxonomy of Viruses (ICTV) [24].

Biology of bats

Chiropterans (Chiroptera), in contrast to other
warm-blooded animals such as rodents (Rodentia) and
birds (4ves), did not become an object of close study by
virologists until much later. It is important to note that
this is one of the most successful and numerous orders of
the Mammalia class, which includes more than 20% of
all mammalian species known on the planet. Chiropter-
ans are second only to rodents in the number of species
and the geography of their distribution. The number of
species of chiropterans known to science is constantly
increasing, with more than 1,400 having been identified
[25, 26] to date. On the territory of the Russian Federa-
tion, there are 57 species that have been registered which
belong to four families: Rhinolophidae, Vespertilionidae,
Miniopteridae, and Molossidae; the representatives of
the first family are the most numerous and widespread in
natural and anthropogenic landscapes (except for the Far
North and highlands), the bats of the other three families
only inhabit the southern borders of Russia [27].

The systematics and taxonomy of chiropterans have
significantly undergone changes in recent decades due to
the widespread use of molecular genetic methodologies.
In the recent past, Chiroptera was subdivided into two
large suborders, namely Megachiroptera (fruit bats) and
Microchiroptera (bats). Currently, the suborder Yinpter-
ochiroptera (Pteropodiformes) has been highlighted, and
includes well-separated groups: Pteropodoidea (fruit
bats) and Rhinolophoidea (horseshoe bats). The rest of
the families belong to the suborder Yangochiroptera
[3, 26]. The interpretation of many species of bats and the
nomenclature of the domestic fauna have changed. The
old names of species and taxa of chiropterans of different
ranks continue to appear in publications on bat viruses,
which can lead to an incorrect interpretation of the re-
sults. The names published by the International Union for
Conservation of Nature (IUCN) after 2015 [28] should be
adhered to. Listings of trivial and scientific names of bats,
as well as a bibliography on chiropterans of the domestic
fauna, are presented on the website [27].

What makes bats special as hosts for viruses? This is
the leitmotif of many publications. The ability of bats to
actively fly is unique to mammals. It is associated with
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the peculiarities of their metabolisms, the functioning of
their immune systems, and finally with the pathogenesis
and epidemiology of viral infections [3, 8-10, 29, 30].
From this point of view, the accumulations of millions of
some species of bats in constraint environments, the close
contacts of individuals of different age in brood colonies,
the prolonged winter torpor, their relatively long life ex-
pectancy and their low rates of reproduction, all deserve
attention. Methods of field work with chiropterans differ
in their specificity, and difficulties in assessing bat popu-
lation abundance should be especially noted [3, 25, 26].

Medicine and veterinary medicine

Chiropterans serve as a reservoir for viruses that have a
high epidemiological danger, and this is the main incen-
tive for expanding studies. The mortality due to rabies
and other lyssavirus encephalitis is almost 100% [3, 31];
the frequency of fatal outcomes of diseases caused by fi-
loviruses reaches 50-90% [8, 11, 12]. The outbreaks of
diseases caused by Hendra (Hendra henipavirus) and
Nipah (Nipah henipavirus) viruses are accompanied by
the death of farm animals and diseases in people with
a high level of mortality [9, 13, 32]. The mortality rate
for new coronavirus infections caused by MERS-CoV,
SARS-CoV and SARS-CoV-2 is not so high, but due
to the pandemic spread of COVID-19, more than 4 mil-
lion people have died from this infection by the middle
of 2021 [33].

The medical and veterinary significance of chiropterans
is ambiguous. They can serve as a direct source of spo-
radic diseases in human and domestic animals. Moreover,
sometimes outbreaks and epidemics initiate from them,
although bats are not a part of their further spread. As
a rule, the incidence of human infectious diseases after
contact with chiropterans is low [8, 10]. A role in the pa-
thology of human and companion animals was not estab-
lished for the majority of viruses detected in chiropterans.
Many of these viruses are closely related but not identical
to the causative agents of viral infections circulating in
human population [3, 7, 8, 10]. The geography of epi-
demiological manifestations is peculiar, but in general,
the problem is more relevant for tropical and subtropical
countries, where the frequency of contacts by the popula-
tions with chiropterans is much higher.

Let us consider this using the example of four taxa of
viruses (Lyssavirus, Paramyxoviridae, Filoviridae, Coro-
naviridae), whose representatives have the greatest epi-
demiological significance.

Lissaviruses (Rhabdoviridae, Lyssavirus). In the first
half of the last century, the study of bat viruses started
from this group [1, 3, 5]. The most famous representative
of the genus, the rabies virus (Rabies lyssavirus), is wide-
spread among bats on the American continent only, where
outbreaks of paralytic rabies among cattle, after being bit-
ten by vampire bats (Phyllostomidae, Desmodus rotun-
dus), are registered almost every year along with sporadic
human diseases after contact not only with these animals,
but also with insectivorous bats. Several distinct genetic
variants of the rabies virus associated with different bat
species were identified in the North and South America,
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but other types of lyssaviruses have not been found in the
New World [31, 34]. On other continents, both in tem-
perate latitudes and in the tropics, 17 species of lyssavi-
ruses are currently known to exist, however, there is no
reliable data on rabies virus isolation. Such a peculiarity
of the geographical distribution of lyssaviruses has not
been satisfactorily explained yet [34]. The first findings
in Africa in the middle of the last century were primarily
designated as «rabies-like» and «rabies-related» viruses.
Human connected diseases are not known for any of them
and are registered extremely rarely [3, 10, 31]. For exam-
ple, in all of Eurasia (including Russia), only eight cases
were recorded and two of the diseased persons were bat
researchers [35]. Reports were obtained on the detection
of rabies virus in bats in Ukraine, Russia and China, nev-
ertheless they were either not confirmed by genotyping
[36] or based on the detection of short genome fragments
[37, 38]. Rabies virus variants adapted to insectivorous
bats in Americas, like the Old World chiropteran lyssavi-
ruses, are isolated from time to time in dogs, cats, farm
and wild animals without evidence of the further spread
of infection among them [54]. However, the possibility of
overcoming the interspecies barrier cannot be complete-
ly excluded. There are good reasons to believe that chi-
ropteran lyssaviruses have served as the ancestral forms
for the rabies virus, numerous variants of which are com-
mon among carnivorous mammals around the world and
which cause tens of thousands of lethal diseases among
humans and enormous damage to animal husbandry ev-
ery year [3, 7, 31].

Paramyxoviruses (Paramyxoviridae). The best known
viruses are the Hendra virus (Hendra henipavirus), the
Nipah virus (Nipah henipavirus) and the Menangle virus
(Menangle rubulavirus), first isolated during outbreaks
among horses and pigs and which were accompanied
by human diseases. People contracted the viruses while
caring for the animals; cases of human-to-human trans-
mission of the virus were also described [3, 7-9, 13].
The above-mentioned viruses and antibodies to them
were most often detected in fruit bats of different spe-
cies (Pteropodidae) in Australia and Asia [32]. The list
of known chiropteran paramyxoviruses is constantly
growing, and the geography of their detection is expand-
ing [10, 21, 22]. Outbreaks caused by the Nipah virus are
observed almost every year in India, Bangladesh, Ma-
laysia, Singapore and result in significant economic loss
[39, 40]. Outbreaks of Hendra-viral etiology continue to
be registered in Australia [41]. Based on the genetic sim-
ilarity of chiropteran paramyxoviruses with measles and
carnivorous plague viruses, and other pathogens affect-
ing human and domestic animals, assumptions have been
made about their evolutionary relationships [32, 39].

Filoviruses (Filoviridae). From year to year, the num-
ber of facts increases confirming the participation of chir-
opterans in the reservation of viruses of this family. The
viruses of two genera, Marburgvirus and Ebolavirus are
considered to be the causative agents of the most danger-
ous infections for human [5, 7, 11, 12, 18] and the fact
of their existence is constantly present in the focused at-
tention of biosafety specialists [15]. The Marburg virus
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(Marburg marburgvirus) was repeatedly isolated from
fruit bats (Rousettus aegyptiacus) in Africa [11, 12, 42].
Although there are difficulties in isolating ebolaviruses
from chiropterans, viral RNA was detected in biomaterial
obtained from several species of fruit bats (Pteropodidae)
and other chiropterans in Africa and Asia. Numerous se-
rological confirmations of the relation of marburgviruses
and ebolaviruses with chiropterans have been document-
ed[14, 15, 42]. In modern zoogeographic studies, the hab-
itats of fruit bats with the territories of western and central
Africa, where outbreaks caused by the Zaire ebolavirus
are registered [43] and their coincidence have been es-
tablished. New data on the diversity and geographical
distribution of filoviruses outside the African continent
has been documented mainly after the examination of
bats [14, 18]. Recently, new filovirus (Lloviu cuevavirus)
was discovered in bats in Europe [44]. Primates and other
wild animals are systematically involved in the circula-
tion of filoviruses, contacts with which can also lead to
infection among humans [7, 12, 15]. Due to the high con-
tagiousness of viruses, outbreaks and epidemics develop
sans the participation of chiropterans and involving tens,
and sometimes thousands of people [11, 12, 15]. The sig-
nificance of filoviruses in veterinary medicine has been
confirmed by the isolation of Reston ebolavirus from pigs
[9, 13].

Coronaviruses (Coronaviridae). A crucial moment
in the study of chiropteran coronaviruses was a publi-
cation concerning the detection of a coronavirus, ge-
netically closest to the virus of severe acute respiratory
syndrome-related coronavirus, SARS-CoV, in the organs
of Chinese horseshoe bats (Rhinolophus sinicus) in the
south of China [45]. The goal of this work, performed
by a multidisciplinary team organized by the World
Health Organization (WHO), was to find the reser-
voir of the virus which had caused the SARS epidemic
from 2002 to 2003. Since 2005, new data has been rapidly
accumulating in the course of studies conducted in differ-
ent parts of the world. These works have established the
significant biodiversity, the wide range of hosts and the
global spread of viruses from this family [10, 46].

The coronaviruses of two genera are associated with
chiropterans, Alphacoronavirus and Betacoronavirus,
which include viruses that can cause long-known respi-
ratory infections in humans [16, 17]. The SARS-CoV and
SARS-CoV-2 viruses are combined into the Sarbecovi-
rus subgenus together with viruses isolated from bats.
Of these, the most similar genetically, but not identical
to SARS-CoV and SARS-CoV-2, are viruses isolated
from various species of horseshoe bats (Rhinolophidae)
widespread in Asia, as well appearing as in Europe and
Africa [16, 17, 45]. The Middle East respiratory syn-
drome-related coronavirus — MERS-CoV is assigned to
the Merbecovirus subgenus, which includes coronavirus-
es isolated from several species of bats of two families,
Vespertilionidae and Nycteridae, which enjoy a wide dis-
tribution [7, 16, 46]. The chiropteran sarbekoviruses and
merbecoviruses are considered as ancestral forms from
which coronavirus infections occur and became epidem-
ic at the beginning of the 21% century [16, 17, 46, 47].
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Regardless of these facts, there is no consensus on how
this actually occurred. From the perspective of coronavi-
rus infection through the aspiration transmission mech-
anism and widespread subclinical forms of the disease,
it is difficult to obtain rigorous evidence regarding the
indexed patient and source of their infection. There are
widely discussed variable options and schemes including;
direct infection by chiropterans, the participation of other
animals (palm civets (Nandinia binotata), one-humped
camels (Camelus dromedaries), pangolins (Pholidota),
and other) and the alteration of the virus under laboratory
conditions [16, 47-49].

Even a brief summary of the data on selected groups of
viruses shows the importance of a multidisciplinary ap-
proach to their study and the theoretical contribution to
the development of ideas about the relation between the
diseases of wild animals and those of humans. It has be-
come clear that different variants of the epidemiological
manifestations of viral infections, the reservoir of which
are chiropterans, are possible:

1. A human is a biological dead end for the virus, and
under natural conditions, its further spread does not occur
(for example, lyssaviruses). This is a typical situation for
many zoonoses.

2. A human becomes infected from a bat directly or
with the participation of animals from other species, af-
ter which chains of successive transmission of the virus
from human to human are formed with a gradual attenua-
tion of the epidemic process (for example, filoviruses and
henipaviruses).

3. The virus overcomes the interspecies barrier and ac-
quires the ability to circulate among people indefinitely
(for example, SARS-CoV-2). This process can end with
the formation of new anthroponosis.

A similar scheme is considered in monographs [3, 8, 10]
and several review works within the framework of the
origin of infectious diseases in human and domestic ani-
mals from the zoonoses of wild animals [16, 46, 50]. The
COVID-19 pandemic has been the first event of «biblical
proportions» after humanity had achieved the adequate
technical capabilities to analyze the situation. Of prin-
ciple importance remains the issue of mechanisms for
overcoming the interspecies barrier. The process of the
transition of viruses from the population of the main host
to other species of animals and human («spillover») is
being intensively studied at the molecular-genetic level
[8, 10, 18]. However ecological relationships and patterns
are also important [3, 7, 10].

Epidemiological surveillance and monitoring

The accumulation of knowledge about viral infections
in chiropterans is dependent on the organization of studies
and the quality of surveillance systems. In the USA and
Canada, monitoring of bat rabies for decades (since the
middle of the last century) was conducted by the labora-
tories of public health institutions with the assistance of a
population that is well informed about the dangers of the
infection. As aresult, in North America, rabies in chiropter-
ans is detected more often than in other animal species,
and more than a thousand cases are confirmed every year
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[51]. In Europe, a similar system was applied much later.
In recent years, dozens (sometimes hundreds) of cases of
lyssavirus infection in bats have been indicated in WHO
reports [52]. The surveillance system for viral infections
in chiropterans in Europe continues to be improved [52].
In the Russian Federation, laboratory diagnostics of ra-
bies is executed by veterinary laboratories, and such cas-
es are detected very rarely [9, 13]. Staff members of the
sanitary-epidemiological services have no experience in
field work with bats, since zoological and parasitological
studies were focused mainly on monitoring zoonoses as-
sociated with rodents and blood-sucking arthropods [54].
In most countries of the world, including the Russian
Federation, targeted scientific studies with the participa-
tion of specialists who have experience in working with
chiropterans are the most effective [3, 36, 45].

The effectiveness of different surveillance systems al-
so depends on the characteristics of specific infections.
Lissavirus infections are accompanied by characteristic
symptoms and the death of the diseased bats, therefore,
passive monitoring is quite effective. Nevertheless, most
other viral infections in bats are subclinical, so there is
a need for selective capture and examination of the ani-
mals. Moves to active monitoring occur when conducting
serological studies. Recommendations have been devel-
oped for the examination of chiropterans, including using
non-invasive protocols [3], as well as for the capture of
these animals [3, 25, 26].

Ecology and environmental protection

Chiropterans play an important role in the biosphere
[25, 55]. In a number of countries, bats and their habi-
tats are strictly protected, and associations of experts on
chiropterans are successfully working in this direction
[56, 57]. Since the outbreak of the COVID-19 pandemic,
the activities of experts on chiropteran protection have
sharply increased. In addition to the above-mentioned
reasons, the possibility of infection with new coronavi-
rus in bats in Europe and America from diseased people
(«spillback») has been supposed. To prevent such trans-
missions, zoologists have been recommended to use per-
sonal protective equipment and limit field work with chi-
ropterans [56—58]. The Russian Federation is not among
the parties of the Bonn Convention (Convention on Mi-
gratory Species, CMS) [56], so the restrictions during
field and experimental studies with these animals are not
as severe as in most European countries. Some bat species
are represented in the regional Red Data Books of many
territorial subjects of the Russian Federation [26, 27], and
penalties are provided and in effect for damage caused
to rare species!. Generally accepted ethical standards and
requirements for biological safety are applied during field
and experimental work with chiropterans [58].

One of the main reasons for a decrease in biodiversi-
ty and the number of chiropterans is the anthropogenic

'«The Code of Administrative Offenses of the Russian Federation»
of 30.12.2001 No. 195-FZ (as edited on 30.04.2021; as amended
on 17.05.2021). Article 8.35. Destruction of rare and endangered
species of animals and plants).
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transformation of their natural habitat [25, 55]. Emerg-
ing zoonoses are in second place in the list of threats
to the existence of these animals [55]. Viral infections
rarely lead to the death of bats [8, 10], but against the
background of epidemics, virological scientific projects
are well funded, and large numbers of chiropterans are
caught for studies. In these cases, some of the animals
are inadvertently killed. However, even the intravital col-
lection of biomaterial is accompanied by an increase in
mortality among bats, especially during critical periods
of their life cycle (reproduction, hibernation, etc.) [3, 55].
The distribution of information about dangerous diseas-
es associated with bats forms a negative attitude towards
these animals which then may provoke the destruction of
their habitats and colonies [S6-58].

The pursuit of bats as potential carriers of zoonotic in-
fections is considered by some as futile and even coun-
terproductive [3, 6, 7]. On a limited scale, extermination
measures are used only against vampire bats [1]. The
main efforts should be aimed at limiting contact between
people and bats, using personal protective equipment and
specific prophylaxis during professional and casual con-
tacts, as well as providing for environmental and hygienic
education [26, 35, 56-58]. It is emphasized that deforesta-
tion, unsustainable agricultural production systems, and
trade in wild animals (including game) not only threat-
en the existence of some species of chiropterans, but can
contribute to the spread of emergent zoonoses [3, 8, 55].
One of the ways to solve interdisciplinary issues is the
concept of «One Health», aimed at developing a balanced
approach to the fight against emerging zoonoses [60].

Conclusion

At the beginning of the 21% century, chiropterans, as
a reservoir of viruses, became the focus of interests of
various experts. The summary of scientific publications
testifies to a gradual alteration regarding approaches to
studies in this area: from collecting data and its «sensa-
tionalized» presentation, to comprehending new knowl-
edge from ecological, evolutionary and socio-economic
points of view. The best results were achieved by teams,
which included representatives of different specialties
with good training in related issues. The results of stud-
ies underline the need to adhere to a balance of interests
in the fields of health care and environmental protection.
In the Russian Federation, due to the increased relevance
of the issue of viral infections in bats, interdepartmental
coordination of scientific research and surveillance activ-
ities for zoonotic infections is required.
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