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Abstract

Introduction. Filoviruses associated with various species of pteropodid bats (Chiroptera: Pteropodidae) are
traditionally regarded as potential causative agents of hemorrhagic fevers with epidemic potential. The known
agents of Ebola and Marburg fevers periodically cause sporadic cases and epidemic outbreaks in African countries.
Recent discoveries of novel filoviruses associated with pteropodid bats in South and Southeast Asia highlight the
necessity to investigate their genetic diversity and pathogenic potential.

The aim of this study was to investigate the genetic diversity and pathogenic potential of new filoviruses associated
with bats, based on literature data.

Materials and methods. This review is based on an analysis of published literature describing the detection and
molecular characterization of novel filoviruses identified in different geographic regions, with a particular focus on
filoviruses associated with pteropodid bats in South and SoutheastAsia. The analyzed studies include data on virus
discovery, genome organization, taxonomic classification, and experimental assessment of biological properties.
Results. Several novel filoviruses have been identified by metagenomic RNAsequencing of tissues from pteropodid
bats captured in South and Southeast Asia. Among them, Mengla virus was detected in tissues of pteropodid bats
(Rousettus spp.) captured in Mengla County, Yunnan Province, People’s Republic of China. Owing to a high level of
genetic divergence, Mengla virus was classified as a representative of a new genus, Dianlovirus, within the family
Filoviridae. Although a live isolate of Mengla virus has not yet been obtained, experimental studies using chimeric
minigenome systems and virus-like particles suggest that the virus may exhibit tropism for tissues of various
vertebrate hosts, including humans.

Conclusion. Members of the family Filoviridae are widely distributed within the geographic range of their natural
reservoir—pteropodid bats—across South and Southeast Asia, including viruses evolutionarily related to Ebola and
Marburg viruses. Although human disease caused by Mengla virus and other recently discovered filoviruses has
not been documented, the potential for cross-species transmission and the emergence of novel filovirus infections
in endemic regions remains.
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Bupyc Menrna (Filoviridae: Dianlovirus)

Cusukoea T.E. , Jlebenes B.H., bopucesunuy C.B.
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Pestome
BBepgeHue. dunosupycel, accounmpoBaHHble C pa3nnyHbiMu BUAamMu kpbinaHoB (Chiroptera: Pteropodidae), Tpa-
OMLMOHHO paccMaTpuBatoTCH Kak noTeHumanbHble Bo3byautenm remopparmyeckux NMXopagok ¢ anmaeMm4eckum
noteHumanom. Bo3byautenu nuxopagok 36ona n Mapbypr nepvoamyecky BbI3biBalOT Criopaguyeckne crnyyau u
anuaemMuyeckme BCrbllku B cTpaHax Adpuku. OTKpbITUE B NOCneaHUe rofbl HOBbIX (DUNOBUPYCOB, CBA3AHHbIX C
pykokpbinbimu B KOxHon n KOro-BoctouHon Asun, obycrnoenmBaeTr He0b6X0OUMOCTb N3YYEHUS NX FEHETUYECKOro
pasHoobpasus 1 NaToreHHoro noTeHumana.
Llenb pabotbl. /3yyeHne reHeTnyeckoro pasHoobpasns 1 NaToreHHoro noTeHumana HoBbiX MNoBUPYCOB, ac-
CO-LIMMPOBAaHHbIX C PYKOKPbINbIMMK, HA OCHOBE AaHHbIX NUTEepaTypbl.
MaTepuanbl u metoabl. O630p OCHOBaH Ha aHanu3e nybnukauuii, NOCBSALLEHHbIX BbIABIIEHNIO 1 MOMEKYNAPHON
XapaKkTepucTuke HOBbIX (PUNOBUPYCOB, OBHaPYXEHHBIX B Pa3HbIX reorpadmyeckmx permoHax, ¢ akLUeHToM Ha hu-
NOBUPYChI, aCCOLMMPOBaHHbIE C KpbiniaHamu, B FOxHown 1 KOro-BoctouHon Asun. MpoaHanuanpoBaHbl CBeAEHUS
06 obHapyxeHUn BUPYCOB, OopraHn3aumnm nx reHoMoB, TaKCOHOMMUYECKOM KNaccumKkauum n aKCnepuMeHTansHom
oLeHKe B1onormvyecKknx CBOMCTB.
PesynkTathl. B nocnegHue roabl BoiISBNEH psif, HOBbIX (PUNOBUPYCOB B TKAHSAX KPbINAHOB, OT/IOBMEHHbIX B pas-
HbIX pernoHax KOxHon n KOro-BoctouHon Asumn. Bupyc MeHrna 6bin obHapyXeH B TKaHSIX MEeYeHU NeTyvmx co-
6ak (Rousettus spp.), OTNOBMNEHHbIX B okpyre MeHrna npoBuHUMu KOHbHaHb KuTarickon HapogHow Pecny6nuku.
B cBSA3M C BbICOKMM YPOBHEM reHeTuyeckon ameepreHuumn Bupyc MeHrna oTHeceH k HoBoMy poay Dianlovirus
B cocTaBe cemencTtBa Filoviridae. HecmMoTpss Ha OTCYTCTBME BbIAENEHHOMO XMBOMO M30MaTa, 9KCNepuMeHTanb-
Hble UCCNefoBaHUS C UCMOSIb30BaHWEM XMMEPHbLIX MUHUTEHOMHbIX CUCTEM U BUPYCONOAOBHbLIX YacTuL, yKasbiBatoT
Ha BO3MOXHbI TPONM3M Bupyca MeHrna K TKaHAM pasnmyHbIX MO3BOHOYHbIX XXMBOTHbIX, BKINOYasa vyenoseka. 3a-
kntoyeHue. MpegcrtaButenu cemerictea Filoviridae WMpoko pacnpocTpaHeHbl B Npegenax apeana nx npupog-Ho-
ro pesepByapa KpbinaHoB (cemencTBo Pteropodidae) n, BO3MOXHO, NETy4Ynx Mblller Ha Tepputopumn KOXHOM 1
KOro-BocTouHon A3nn, BKoYas BUPYChI, SBOMOLNMOHHO POACTBEHHbIE BUpycam 36ona n Mapbypr. HecmoTpsa Ha
OTCYTCTBUE JOKYMEHTMPOBAHHbIX ClyyaeB 3aboneBaHuin YenoBeka, Bbi3BaHHbIX BUPYCOM MeHrna v apyrumm He-
[aBHO BbISIBNEHHbIMW (OUOBMPYCaMU, COXPaHAETCSH BEPOSTHOCTb MEXBUAOBOW Nepefayn U BO3HUKHOBEHUS HO-
BbIX (PUNOBUPYCHBIX UHDEKLMIN B SHAEMUYHbIX PErmoHax.
KntoueBble cnoBa: supyc MeHana; ¢hunosupyc, cekgeHuposaHue HyKeuHosbIx Kucom,; nociedosameribHoCMb
2eHOMa; PyKOKpbIfbie, pe3epayap ¢hurioeupycos
Onsa untnpoBaHus: Cusnkosa T.E., lebenes B.H., Bopucesndy C.B. Bupyc Menrna (Filoviridae: Dianlovirus). Borpo-
cbi supyconoauu. 2026; 71(1): 7-12. DOI: https://doi.org/10.36233/0507-4088-356 EDN: https://elibrary.ru/agykbe
dJMHchprBane. ABTOpr 3aaBnsT 06 OTCYTCTBUU BHELLUHEIo CbVIHaHCI/IpOBaHI/Iﬂ npun nposeaeHnn nccrnenoBaHuA.

KoHdnuKT nHTepecoB. ABTOpPbI AeKNapypyoT OTCYTCTBME SIBHbIX U NMOTEHLMANbHBIX KOH(MUKTOB MHTEPECOB,
CBSI3aHHbIX C MyOnunkaumnemn HacTosiLLen cTaTbu.

Introduction

Diseases associated with Marburg and Ebola filoviruses
(family Filoviridae) pose a serious threat to public health
due to their high mortality rate and ability to cause epi-
demic outbreaks [1, 2]. Since the discovery of the Mar-
burg virus in 1967 and the Ebola virus in 1976, outbreaks
of hemorrhagic fever have been repeatedly reported,
mainly on the African continent, with cases of the virus
being brought to Europe and the United States by infected
medical workers [1-3].

The family Filoviridae was originally organized on
the basis of combining genera corresponding to Marburg
(Marburgvirus) and Ebola (Ebolavirus) viruses, based
on common morphological characteristics and genome
type and structure (single-stranded negative-sense RNA —
ss(—)RNA). Based on these same genomic characteristics,
the family was included in the order Mononegavirales,

8

one of four orders (taxon above the family) that existed at
that time. Currently, due to the development of molecular
genetic and evolutionary approaches, the taxonomy of the
family has been significantly expanded and refined and is
as follows: Riboviria: Orthornavirae: Negarnaviricota:
Monjiviricetes: Mononegavirales: Filoviridae. The genus
Orthomarburgvirus (formerly Marburgvirus) includes
two species, while the genus Orthoebolavirus (formerly
Ebolavirus) now includes six species (Table 1). Most
Marburg and Ebola viruses appear to be ecologically
associated with various species of fruit bats (Chiroptera:
Pteropodidae) living in Africa and Asia. An exception
is the Bombalivirus (Orthoebolavirus bombaliense,
Bombalivirus), whose RNA was detected in bulldog bats
(Mopscondylurus) in Sierra Leone in 2018. Later, a new
genus, Cuevavirus, was assigned to the family Filoviridae,
represented by the Lloviu virus (Lloviuvirus), which was
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detected in samples from a colony of common bent-wing
bats (Miniopterus schreibersii) that died in 2002 in Spain
[3—7]. Thus, filoviruses may be ecologically associated
not only with different species of fruit bats (fruit-eating
flying foxes or flying dogs), but certain species of bats
may also be involved in their circulation.

Currently, the Filoviridae family includes nine gen-
era of viruses found in Africa and Asia, of which only
Ebola and Marburg viruses have been isolated from hu-
mans. RNA from various filoviruses has been detected in
eight species of bats living in different regions of Africa,
Asia, and Europe (Table 1) [3, 6, 8-10]. Furthermore,
virus-specific antibodies have been detected in eight dif-
ferent species of bats [9—15]. At the same time, only one
live filovirus isolate (Marburg virus associated with an
outbreak of hemorrhagic fever among miners in Uganda
in 2007) has been isolated from these animals [16]. In this
regard, the question of the natural reservoir of filoviruses
in nature requires further research.

Filoviruses in South and Southeast Asia

In Asia, the circulation of filoviruses was first described
based on the detection of antibodies to Ebola virus nucle-
oproteins (NP) and glycoproteins (GP) in fruit bats (Rou-
settus amplexicaudatu) in the Philippines in 2010, while
samples from five other bat species and ten bat species
tested were negative [13]. Antibodies to the Reston virus
and its RNA were also detected in fruit bats, pigs, and farm
workers in Bangladesh [10]. In the People’s Republic of
China (PRC), antibodies reacting with the Ebola virus an-
tigen were detected in several species of bats in 2012 [17].

Studies on the detection of filoviruses in various species
of bats, carried out using metagenomic sequencing or
universal primers in the PRC, led to the description of
previously unknown filoviruses that show significant
divergence from known species and genera circulating in
Africa. The identified viruses were fully sequenced and
formed three new genera within the family Filoviridae:
Dianlovirus, Striavirus, and Thamnovirus, whose
prototypical representatives are the Mengla, Xilang, and
Hungjia viruses, respectively (Table 2) [3].

Mengla virus: detection and molecular genetic
characterization

The Mengla virus was detected during screening
studies of organ samples (intestines, lungs, and brain)
obtained from bats Rousettus leschenaultia (Chiroptera:
Pteropodidae) caught in Yunnan Province, China,
in 2013. The virus was detected by metagenomic
analysis and using species-specific universal primers
to conserved regions of the genome [19]. The partial
genomic sequences obtained were similar to various
genes of the Lloviu virus, Sudan virus, and Tai forest
virus'. Attempts to isolate the biologically active virus
in Vero E6 cells were unsuccessful. As a result, the
genome of the new virus was amplified and almost
completely sequenced. The results of genetic analysis

'Available  at:
Techapp1.pdf

http://wwwnc.cdc.gov/ElD/article/21/9/15-0260-
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Table 1. The modern taxonomy of the family Filoviridae
Tadauua 1. CoBpeMeHHas TakcCoHOMHUs ceMelicTBa Filoviridae

Genus Species Prototype virus
Pon Bun IIporoTunselit BUpyc
Cuevavirus Cuevavirus lloviuense  Lloviuvirus [LLOV]

Dianlovirus Dianlovirus Déhongvirus [DEHV]
dehongense
Dianlovirus .
Menglavirus [MLAV]
menglaense
. . Lotschbergvirus
Loebevirus Loebevirus percae [LTBV]

. . Oberlandvirus
Oblavirus Oblavirus percae [OBLV]
Orthoebolavirus Orthoebolavirus Bombalivirus

bombaliense [BOMV]
Orthoebolavirus Bundibugyovirus
bundibugyoense [BDBV]

Orthoebolavirus Restonvirus [RESTV]
restonense

Orthoebolavirus Sudanvirus [SUDV]

sudanense
Orthoebolavirus Tai Forestvirus
taiense [TAFV]

Orthoebolavirus

. Ebolavirus [EBOV]
zairense

Orthomarburgvirus Marburgvirus .
Orthomarburgvirus marbureense [MARV] u Ravnvirus
8 [RAVV]
Striavirus Striavirus antennarii  Xilangvirus [XILV]
Tapjovirus Tapjovirus bothropis ~ Tapajosvirus [TAPV]

Thamnovirus

Thamnovirus
kanderense

Kandervirus [KNDV]

Thamnovirus percae  Fiwivirus [FIWIV]

Thamnovirus
thamnaconi

Huéngjiaovirus
[HUIV]

(32-54%  similarity when comparing complete
genomes) allowed the Mengla virus to be isolated into
a separate genus, named Dianlovirus, within the family
Filoviridae. In dendrograms constructed on the basis of
various proteins or complete genomes, the Mengla virus
(genus Dianlovirus) forms a separate branch located
between the viruses of the genera Orthomarburgvirus
and Orthoebolavirus [18-20].

The structure of the Mengla virus genome is
characteristic of filoviruses. It has a negative-polarity
RNA genome (ss(—)RNA) with the typical filovirus
gene arrangement and composition: NP-VP35-VP40—
GP-VP30-VP24-L. However, the Mengla virus has
specific differences in the number of overlapping
genes and a divergent sequence structure of the
transcriptional terminal sequence. Unlike Ebola and

9
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Table 2. Time, place and source of isolation or detection of different filoviruses

Tadauma 2. [0, MECTO M HCTOYHHK BBIZCICHUS WM OOHApY)KEHHS Pa3INYHBIX (PUIIOBHPYCOB

Country of first isolation Isolation source
Genus Virus Year of detection of pathogen of pathogen
Pon Bupyc l'on BeIsIBICHMS Crpana, B KOTOpOH BIEPBHIE WcTounuk BeIgeneHus
ObL1 0OHApYXKEH BO30YUTENb BO30yUTEINS
Marburg 1967 Germany
Mapoypr Tepmanus™
Orthomarburgvirus
Ravn 2007 ganda
Taea Human
Zaire 1976 Zaire (DRC) Henonex
Jo0ma-3anp 3aup (AP Konro)
Joona-Cynan Sudan
Sudan 1976 Cynaun
Reston 1989 USA Monkeys
O6ona-Pecton CIIA* Husmve npumarst
Orthoebolavirus
}“Iai EoTrzst 1994 [Sjlganda
ec u rasjga Human
Bundibugyo Uganda Henosek
2007
Bynanosro VYranmga
Bombali 2018 Sierra Leone
Bombammn Ceeppa-Jleone
Cuevavirus Lloviu 2003 Spain
JInosu Hcnanus
Dianlovirus Mengla 2015 Bats
Menrna Pykokpsuibie
A Xilang China
Striavirus Kewnanr 2017 KHP
Thamnovirus Huangjiao 2017
XyHIIKHa0

Note. Ebolaviruses and Marburgviruses causing hemorrhagic fever in humans are highlighted in bold [18]; * — imported cases in regions where the

pathogen is not endemic.

Ipumeyanne. D60maBUPYCHl 1 MapOyprBUPYCHI, BBI3BIBAIOIINE IeMOPPAarnv4ecKue JTMXOPaJKU YeIOBEKa, BBIICICHBI MOMYKUPHBIM HiprdTom [18];

* — 3aBO3HBIE CJlydan B HEOHACMHUYHBIX 110 BO36y[[I/ITeJ'HO peruoHax.

Lloviu viruses, the GP gene of the Mengla virus
encodes only one GP [18].

Despite the absence of a live isolate, it has been
shown that the Mengla virus is replication-competent in
minigenomic systems containing the leader and trailer
sequences of Ebola and Marburg viruses [20]. The GP
protein of the Mengla virus is capable of transducing
human, primate, dog, hamster, and bat cells, indicating
broad cellular tropism and the potential for interspecies
transmission [21]. Like other filoviruses, the Mengla
virus uses the Neumann—Pick protein (NPC1) as a key
receptor for cell entry [20, 22, 23].

Further monitoring studies of materials collected from
various species of bats in 2009 and 2015 showed the
widespread distribution of detected filoviruses in China
(samples were collected at locations more than 200 km
apart). In samples from bats of the Fonycteris spelaea
and Rousettus sp. species, quantitative polymerase chain
reaction (QPCR) was used to determine the tissue tropism
of this group of filoviruses. Most often and in the highest
titer, the Mengla virus and related viruses were detected

10

in lung tissue samples. Viral RNA was also detected
in blood samples (2 samples) and in other organs and
tissues of animals. Meanwhile, the virus titer (based on
PCR) in lungs was 1-3 orders of magnitude higher than
in other organs (liver, kidneys, spleen, intestines, heart,
blood). The results obtained indicate that the lungs are
the preferred target organ for the Mengla virus (Table 3).

Conclusion

Thus, data obtained in recent years indicate significant
genetic diversity and widespread distribution of filoviruses
among flying foxes (Chiroptera: Pteropodidae) in
different regions of the world, including South and
Southeast Asia. The discovery of new genera of the family
Filoviridae, including Orthodianlovirus, highlights
the necessity for further research into the biological
properties and evolutionary relationships of these viruses.
Although flying foxes and possibly some bat species are
the natural reservoirs of filoviruses, this group of viruses
has a high potential for interspecies transmission to other
mammalian species, including humans. The Mengla
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Table 3. The results of detection of RNA and filovirus antigens in bats of different species captured in Province Yunnan, China in 2009 and 2015

by different modifications of PCR, ELISA and immunoblot analysis [17,

21]

Ta6auua 3. Pesynsrars! BeisiBienust PHK 1 anTurena GpuiioBUpycoB y pa3iMuHbIX BHIOB PYKOKPBUIBIX, HOMMaHHbIX B npoBuHINH FOHBHAHE, KHP
B 2009 u 2015 rr. ¢ momouipto pasznuyasix Moaudukanuit [P, nmmyHopepmentroro ananuza (MPA) u ummynoobnora [17, 21]

Detection of filovirus Reveal of specific antibodies against Ebola
RNA virus (Freguency of reveal)
Time Brsinenne PHK BbIsiBlIeHHE CrIEHU(PUIECKUX AaHTHTEI
; K BUpycy D0osa (4acToTa BhISBICHUS
of detection Place of bat capture Bat species pUIOBHPYCOB pycy . n( o6a0)
(year, month) MecTo oTI0Ba B o P
Ton, mecsix JIETY4MX MBI 11 PYKOKPBLUIBIX ELISA Immunoblot
BBISIBJICHUSI RT-qPCR gPCR DA VmmyrOOIOT
OT-IILP-PB qIIp Zaire Reston Zaire Reston
3aup Pecron 3aup Pecron
Jinhong, Myotis ricketti 0/27 1/27
2009 <h
Hos16ps Xishuanbanna County Eonycteris spelaea and
November r. JuKHHXOHT, OKpyT 4 R P 10/43 5/43 6/43 2/43
Cuiryans6aHHa ousetius sp.
2015 Asellis stoliczkanus 0/15
Hexabpb Mengla County Eonycteris spelaea and
December Oxkpyr Menrma Rousettus sp. 5/42 10/42 14/25 7/25 11/25 4/25

Note. qPCR — quantitative polymerase chain reaction; RT-qPCR — real-time reverse transcription polymerase chain reaction.

Mpumeuanne. I[P — konnuecTBeHHas noaumMepasHas uennas peakuus; OT-IIL[P-PB — nonumepasHas nenHas peakiys ¢ 00paTHON TPaHCKPUIILIUEH

B PEXHME PEaTbHOTO BPEMEHH.

virus demonstrates tropism and the ability to accumulate
in the lung tissue of flying squirrels, which contributes
to the emergence of variants capable of respiratory
transmission. The species of flying foxes surveyed in
China are frugivorous and may also potentially contribute
to the contamination of fruit and lead to the infection of
animals and humans that come into contact with them.
In this regard, it is particularly important to monitor
filoviruses in regions geographically close to the Russian
Federation, taking into account the migratory activity of
bats and the potential ability of new filoviruses to transmit
between species to other mammals.
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