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Possible zoonotic viral threats associated with bats in southern Ukraine. — Yurchenko, O., Dubina, D.,
Sokolovskyi, D., Gaidash, O. — The paper is devoted to evaluation of some bat species inhabiting Ukraine
as potential reservoir hosts of highly dangerous viruses including lyssaviruses, MERS-CoV-related coronavi-
ruses, and arboviruses. Repeated catches of bats by a domestic cat were described. Laboratory examination of
the caught bats did not detect infection with coronaviruses or arboviruses such as West Nile, tick-borne en-
cephalitis, Crimean-Congo hemorrhagic fever, Tribec and Uukuniyemi viruses. The analysis of the literature
showed the possibility of persistence of dangerous viruses among examined bat species. The fact that domes-
tic cats may prey on bats that are potential reservoir hosts of dangerous viruses should be considered as a risk
factor for infection of humans and cats with lyssaviruses causing rabies, and infection of humans with coro-
naviruses that may be associated with severe respiratory diseases.
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Mo:xnuBi 3arpo3u, NoB’si3aHi 3 300HO3HMMH BipycaMH Ka:kaHiB Ha miBAHi Ykpainun. — IOpuenko, O.,
Jy6una, /1., CoxonoBchkuid, /., Iaiinam, O. — IToBigoMiIeHHsT MPUCBSYEHO OLUHII POJIi ASSIKHX BHIIB
Ka)kaHiB, 1110 HACEISIOTh MiBIeHb YKpaiHH, SIK MOTCHIIHHUX pe3epByapiB 0coOIMBO HeOE3MeyHNnX BipycCiB —
JiccaBipycCiB, KOPOHABIPYCiB, CHOPiIJHEHUX 3 BIpyCOM OJIHM3BKOCXIAHOTO PECIIPATOPHOTO CHHAPOMY, Ta ap0o-
BipyciB. OncaHo MOBTOPHI BUNIAIKK BIUIIOBY KaXKaHiB CBIICHKHM KOTOM. JlabopaTtopHe 0OCTeKeHHS BiJIOB-
JICHUX KOTOM KaXXaHIB He BHSBWJIO HassBHOCTI y HUX KOPOHABIpYCIiB 1 TakuX apOOBipyciB, SIK BipycH 3axigHO-
ro Himy, xnimosoro ernedaniry, Kpumcrskoi-Konro remopariunoi rapstaku, Tpubeu ta Vykyniemi. I1pose-
JICHUH aHaJIi3 IaHuX 3 JIITepaTypH CBiJUUTH NPO MOXIIMBOCTH TIEPCUCTEHIIIT HeOe3euHuX BipyciB cepen 00-
CTeXKEHHUX BHIIB KaxxaHiB. Toil (axr, 1o JoMamIHi KOTH MOXYTh MOJIOBaTH Ha Ka)KaHIB SIK MOTEHI[IHHUX
pe3epByapiB (HOCIiB) HeGe3MeuHHX BipYCiB, CIiA PO3MIILAATH K (HAKTOP PH3UKY Ui 3apa)KeHHs JIoJeH Ta
KOTIB JliccaBipycaMu, siKi BUKJIHMKAIOTh CKa3, a JIIOAeH — KOPOHABIpycaMH, II0 MOXYTh CIPUYHHATH BaXKKi
pecIipaTopHi 3aXBOPIOBAHHS.

KnrouoBi cmosa: Chiroptera, apboBipycu, KOpOHaBipycCH, JTiccaBipycH, JOMAIIHI TBapHHH, OionoriyHM
PHU3UK JUIS TIO/IEH.

Introduction

Bats are mammals of the order Chiroptera — the second largest order of mammals (following
rodents), representing about 20 % of all classified mammal species worldwide. Bats are present
throughout the world except for extremely cold regions. They occupy various ecosystems and are
known as carriers and potential reservoir hosts of human-pathogenic and zoonotic viruses such as
Ebolaviruses, Marburg, Nipah, Hendra, Severe acute respiratory syndrome coronavirus (SARS-
CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), rabies, and other lyssaviruses
(Memish et al., 2013; Kohl, Kurth, 2014; Han et al., 2015). Despite significant advances in the study
of bats as reservoir hosts of human-pathogenic viruses in the world, Ukraine remains a “white spot”
on the map. At the time, hardly anything is known about human-pathogenicity of European bat vi-
ruses apart from lyssaviruses that cause rabies (Kohl, Kurth, 2014).

Our institute is involved into an arbovirus surveillance program and the laboratory has almost
30 years experience of detection of highly dangerous viruses of human interest, predominantly arbo-
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viruses (arthropod-borne viruses), and has recently started to perform diagnostics of coronaviruses.
Generally, the laboratory conducts testing of ticks and mosquitoes, sometimes also samples from
small mammals and birds. Bats have never been objects of our examinations, mainly because all
European species of bats are protected by the International Union for Conservation of Nature
(IUCN) Red List of Threatened Species, Convention on the Conservation of Migratory Species of
Wild Animals (CMS) including Agreement on Conservation of Populations of European Bats
(EUROBATS), and national regulations (Red Data Book of Ukraine) that restricted the works with
these animals. Therefore, when the bats captured and killed by a domestic cat were delivered to the
laboratory, it was decided to examine these samples to detect arbo- and coronaviruses.

The aim of the study was to evaluate threats associated with behavioral features of domestic
cats that may prey on bats — potential carriers and reservoir hosts of pathogenic viruses.

Material and methods

The trigger event to start this study was a fact of catching a bat by a domestic cat in the histori-
cal center of Odesa city, Ukraine, in April 2, 2013. The three years old male cat was living in an
apartment on the first floor of an old two-storey building and had free access outside. The apartment
door opened directly to the yard. A dead bat was found by the owner of the cat on the entrance porch
of the apartment. The bat was delivered to the institute, where it was defined based on morphology
(Zagorodniuk, 2002) as a serotine bat (Eptesicus serotinus), and its inner organs (brain, kidneys,
heart, lungs) were taken for examination. More eight bats were caught by the same cat at the same
place: four common noctules (Nyctalus noctula) in July—August 2013, two Kuhl’s pipistrelles (Pipis-
trellus kuhlii) in September 2013, and two Nyctalus sp. (likely, N. noctula) in August 2015. In total,
nine bats were catched by the domestic cat at the same place during the period of 2 years and 4.5
months. Brain, kidneys, heart, and lungs from all the bats, and additionally liver, spleen, and cloacal
swab from Nyctalus sp. were taken for further testing for arboviruses and coronaviruses.

In total, 17 samples of inner organs (brain, kidneys, heart, lungs) from 7 bats — E. serotinus
(1), N. noctula (4), P. kuhlii (2) caught in 2013 were tested in reverse-transcriptase polymerase chain
reaction (RT-PCR) to detect RNA of coronaviruses (CoV), West Nile (WNV) and tick-borne en-
cephalitis (TBEV) viruses (family Flaviviridae), Crimean-Congo hemorrhagic fever (CCHFV) and
Uukuniemi (UUKV) viruses (family Bunyaviridae), and Tribec (TRBV) virus (family Reoviridae).

RNA extraction was carried out with ethanol precipitation method using RIBO-prep kit (Am-
pliSens biotechnologies, Russia).

For WNV detection, a one-step real time reverse transcriptase polymerase chain reaction (RT-
PCR) was used (AmpliSens-WNV-FL kit, AmpliSens biotechnologies, Russia). Internal control was
included for each sample to exclude amplification inhibition. Thermal cycling was performed in
Applied Biosystems 7500 System at 50°C for 30 min, followed by 95°C for 15 min, then 5 cycles at
95°C for 5 s, 56°C for 30 s, 72°C for 15 s, and 40 cycles at 95°C for 5 s, 56°C for 30 s with fluores-
cent signal detection, and at 72°C for 15 s.

For detection of coronaviruses two RT-PCR protocols recommended by WHO and targeting
RNA-dependent RNA polymerase (RdRp) and nucleoprotein (N) genes were used (Corman et al.,
2012). Shortly, conventional nested PCR assays were conducted as described earlier using Super-
Script III One Step RT-PCR System with Platinum Taq DNA Polymerase and Platinum Taq DNA
Polymerase kits (Invitrogen, USA) (Corman et al., 2012).

Thermal cycling was performed in Applied Biosystems 2720 Thermal Cycler in two rounds at
94°C for 3 min followed by 45 cycles at 94°C for 15 s, 56°C for 15 s, 72°C for 30 s, with a terminal
elongation step at 72°C for 2 min. The first round additionally included the reverse transcription step
at 50°C for 20 min before amplification.

For detection of TBEV, CCHFV, TRBV, and UUKYV samples of cDNA were synthesized with
Maxima First Strand cDNA Synthesis Kit for RT-PCR (Thermo Fisher Scientific Inc., USA) accord-
ing to thermal program including primarily incubation at 25°C for 10 min, cDNA synthesis at 50°C
for 30 min, and reaction termination at 85°C for 5 min.
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Table 1. Primers and probes used for the detection of TBEV, CCHFV, TRBV and UUKV RNA

Ta6muus 1. Ipaiimepn i 30H1u, BukopucTtani s BusisneHHss PHK BipyciB kiimoBoro exuedanity, Kpumcbkoi-
Kownro remopariunoi rapstaku, Tpubed i YykyHiemi

Virus Name of primer/ probe Sequence (5’— 37)
TBEV European TBEV forward primer CTGTTTGGAAAGGGTAGCATTGT
European TBEV reverse primer GTACACATGTCCTGTGGCTTTCTT
European TBEV probe FAM-AAGGCCGGCTTGTGAGG-MGB
CCHFV forward primer GGAGTGGTGCAGGGAATTTG
reverse primer CAGGGCGGGTTGAAAGC
probe FAM-CAAAGGCAAGTACATCAT-MGB
TRBV forward primer rt-Tr-4f ATTCC(C/T)CCAGAGGACATGTAC
reverse primer rt-Tr-4r GCCTTGATTGCGACATCCCG
probe Tr-prb4 FAM-TGCGGCGTCGTATACTGCATCTGCCCGC-TAMRA

UUKV forward primer UKUV-M-1417-F = ATGTGGATGAAGGACCCAGA
reverse primer UKUV-M-1593-R TCTGACTGGAGGCTGTTACA

Obtained cDNA samples were tested in laboratory established real-time PCR assays for de-
tection of TBEV, CCHFV, and TRBYV, and conventional PCR assay for detection of UUKV.

In real-time PCR assays for detection of TBEV, CCHFV, and TRBV RNA Maxima Probe
qPCR Master Mix (2x) (Thermo Fisher Scientific Inc., USA) and virus-specific primers and probes
were used (tab. 1). Thermal cycling was performed in Applied Biosystems 7500 System at 95°C for
10 min, and then 40 cycles at 95°C for 15 s, 60°C for 31 s, 72°C for 30 s.

UUKYV conventional PCR included Maxima Hot Start Green PCR Master Mix (2X) (Thermo
Fisher Scientific Inc., USA) and virus-specific primers to the M segment of genome (table 1). Ther-
mal cycling was performed in Applied Biosystems 2720 Thermal Cycler at 95°C for 4 min, followed
by 40 cycles at 95°C for 30 s, 53°C for 30 s, with a terminal elongation step at 72°C for 15 min.

As positive control samples European TBEV RNA oligonucleotide!, CCHFV RNA oligonu-
cleotidez, RNA samples of TBEV, TRBV or UUKYV from the institute collection were used.

Results and their discussion

In the result of PCR testing, RNA of CoV, WNV, TBEV, CCHFV, TRBV, and UUKV were not
detected, however a small amount of samples does not allow excluding the infection of E. serotinus,
N. noctula, and P. kuhlii bats inhabiting Ukraine with these viruses.

Currently it is known about infection of bats inhabiting Ukraine by two viruses with recognized
or potential pathogenicity for humans — lyssavirus (family Rhabdoviridae) and betacoronavirus
(family Coronaviridae). European bat lyssavirus type 1, lineage/subtype a (EBLV-1a) was identified
in the particoloured bat (Vespertilio murinus) in Volyn region in 1987 (Amengual et al., 1997; Davis
et al., 2005). More 16 rabies cases in bats were recorded in different regions of Ukraine in 2001—
2005, 2007, 2008, 2010, 2011, 2013, 2014 (WHO Rabies Bulletin Europe, 15.08.2016). Lineage 2¢
betacoronavirus related to Middle East respiratory syndrome coronavirus — MERS-CoV (primarily
named EMC/2012 or hCoV-EMC/2012), causing severe respiratory disease in humans, was detected
in Nathusius’ pipistrelle (Pipistrellus nathusii) caught in Kyiv region in 2011 (Annan et al., 2013).

According to research carried out in other countries, the bat species caught in Odesa are reser-
voir hosts of dangerous and potentially dangerous viruses. Lyssaviruses were detected in E. serot-
inus in Denmark, France, Germany, Netherlands, Poland, Slovakia, and Spain (Davis et al., 2005).
Occurrence of betacoronavirus lineage 2¢ was documented in Italy in E. serotinus (De Benedictis et
al., 2014), N. noctula and P. kuhlii (Lelli et al., 2013).

! 5°_cuguuuggaaaggguagcauuguggecugugucaaggecggeuugugaggccaaaaagaaageeacaggacauguguacg-3°
? 5°_gauguccccccagggeggguugaaagecaugauguacuugecuuugacaaauucccugeaccacuccacauguucacgge-3’
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The infection of bats with arboviruses of the family Bunyaviridae was revealed among N. noc-
tula in the Czech Republic and Kyrgyzstan (Issyk-Kul virus) (Database bat viruses, 15.08.2016), and
among P. kuhlii in Italy (Toscana virus) (Baggieri et al., 2015).

The described cases of catching bats by a domestic cat are another confirmation of the possibil-
ity of the participation of cats in the EBLV transmission chain “bat — cat — human” (Zagorodniuk,
Korobchenko, 2007). A confirmed rabies case in a domestic cat was identified in 3—4 months after
contacting with a bat in Rovenki, Ukraine, 2006 (ibid.). In another case, lyssavirus infection was
detected in the bat caught by a cat after it flew into an apartment of a five-storey building in the cen-
ter of Luhansk city, Ukraine, 2007 (ibid.). Two suspected cases of EBLV-1 spillover transmission
from bats to domestic cats were identified in France in 2003 and 2007 (Dacheux et al., 2009). There-
fore, the combination of high-level prevalence of lyssavirus infection among bat population in an-
thropocoenoses with behavioral features of domestic cats preying on bats may cause the lyssavirus
spillover transmission from bats to domestic cats and increase the risk of rabies in humans.

Conclusions

Thereby, the presence of bat species — potential reservoir hosts of dangerous viruses such as
lyssaviruses, MERS-CoV-related coronaviruses, and arboviruses, may pose a threat for human
health in Ukraine. Described cases of catching bats by domestic cats may be an additional factor
contributing into transmission of viruses from bats to cats, and then to humans. This fact should be
considered at risk assessments of occurrence of rabies among humans and cats and of severe respira-
tory syndrome associated with coronaviruses in humans.
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