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Severe acute respiratory syndrome coronavirus-like
virus in Chinese horseshoe bats
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afthough the finding of severe soute resphiatony syndrone coege
naeins (SARS-Co in caged palm cheets fiom lve animal markets
i China has provided evidence for inberspecies tranamission in the
geness of the SARS epidemic, subsequent studses suggested that
the omet may have served only & an amplficaton host for
SARS-Co¥. In 3 survellance study for Cob' in nomcaged anomalks
from the wild sreas of the Hong Kong Special Administration
Fegion, we idenSfied a CoV clozely reloted to SARS Colf that SARS
ol from 23 (3993 of 50 anal swabe of wild Chinese horseihoo
bats ¢ Fhinclophu sinious 3 by wsing BT POR. Soguencing and anal
yiis of threo bot SARS Co¥ gonemes From semphe colloctod ot
diffzeont dates shomed that Bat-SARS CoV i closely selated tn
SARS CoV Fom humans and ci Phy'agenctic analysis thoveod
that babtSARSCa¥ forrmesd a o th SARSCoW &
gumap M Cof, distantly mlabed b known grenp 2 CoY, Mo
chifleernem Brlweon The EalSARSCol arcl SARSCob' gonawmes
vt dilinaavsdl i Dlie agsibor genes, TR 3 ol CAT 8, which arc b

w olirie Pl wasiialisrs ala wed
ot e € el SARS-CaY ges
Tskp inierrtion in DR 8 of banSARSCol guimemes, mel in mo
human SAHS=CoY gencanes, sUggits that i has & comimon anged
tor wils civet SAHS-CoY. Antisocy agaimct rcombinant bal-S AR
Lob' nucleccapaid protein was detected in B1# of Chineso horse
whoe bats by using an enzyme Immuncassay, Meutralizing antibody
to human SARSCod ales was detected In bats with loweer wiral
loads. Precautions shau'd be ewercsed in the Randling of these
animals
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arindwiruses (Covh ane fownd in a wide vaiety of animals

I which they cn exse respliatony, entere, hepatic, and
neuralonical diseases of vanding severty. At a resaln of 1he
unique mechanism of vieal replicatian, CoV' have a high fre
ausncy of fecombination [ Their tendeney for recombination
mred hagh reutazion rames may Allaw them 1o Adape ta mew hoots
mrd ecalogical niches. Amang CoV that inbect Rumand, includineg
human Ced 2298 [HCeV-229E, human Caly OCAZ [(HOov-
C43), severe acute nespimatory syndrame CalV (SARS-ColVl
human Co¥ MNLG3 (HCoW-NLG3L and e HEUN (Col-
HEWT), SARS-CoV causes the mast severe disease, with =700
foalities reported since the SARS epidernic in 2003 [2-8).

The isolation of SARS- Cov from caged amimals, inchuding
Hima loyan palm civets and a racoeon dog, feom wild live maekets
i mainland China suggested thal these snimals see the reservoir
for Uhe origin ef the SARS epidemic (5, Hovwewer, sulbsogquent,
stedics suggestod that the civel may have served anly a8 an
amplification host for SARS-Col and pravided the cowiranment
for majar genetls vanations peimitting  effickent  animal-ta-
hurman and human-to-human transmissions [10-15) Becaute
eredld Aie aften moed with different dpacied in ovendiondid
cenditiand a1 makers, we canducted A survesillanes ucy far
CoW in noncadied animals frem the wild areas of the Hong Kang
Special Administrativs Region (HESARL In this reparr, we
dederibe the identibeatian and moleculsr chaiieranzation of A
SARS-CaV-relnted virus from Chinete harseihas bats in Homg
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Keng and propose that this wirus be named bat SARS Co
it SARS=CoN],

Fethads

wild Animal Sunellince and Sample Collection.  The study was
approved by the HESARS Degartment of Agricultune, Fishes

i, and Consereation and the University of Hong Kong Com
mittee on the Use of Live Animals in Teaching and Reseaich,
From summer 2004 to spring 2005, 127 bats, &0 rodents, and 20
monkeys fram 11 locations in the HKSAR were captured (Fig

la and Tabde ¥, which is published as supporting imformation an
the PHAS web site]. Masopharyngeal and anal swabhs and blood
samples weine collected by a weternary surgeon Swabs wiers
taken with sterile swabs and kept in vird transpot medium at
4°C bufore processing (18], Where pessible, blood was collected
for serological studics,

RNA Extraction, RT-PCR, and DA Sorquencing. Nasopharyngeal and
anal swabs waie rested for Colf RNA by RT-POR. Vikal BRA
eatras tinn was performed by wsing the GlAamp viral BYA, mini
kit (Qiagen, Valencia, CA} acconding to the manufacturer's
ingirections, cDMA was generated by wing random haxamars
and the SuperScript 1 kit (nvitregend o described in refl, 7,

v streening way performed by wsing consarecd primens
(3 "-GGTTELEACTATCCTAAG IGTGA-3 ©and §-COAT-
CATCAGATAGAATCATCATA-Z “} vargeted to a 4480-b frag-
menit of the pod gene as described in rel, 7. Standand precaations
were taken 10 avold POR contamination, and no false-positive
was observed in negative controls, The sequences of the PCR
prodiects were comparad with known sequences of thapal genes
of CoW in GanSank,

Viral Colurms,  ALLCMps 1o Dobate Bal-3ARS-CoV wore made by
Ingoulating RT-PCR-positive §pecimens 1o FRhKE-3, HRT-18G,
Huh-7, Vera E&, €6 /36 and Caco-2 cels, and chicken embiy-
onatedd e Wiral replicarion was detected by ahosowation far
cytopathic effects and quantitative RT-PCR described below,

Comphete Genoma Saguencing and Gencme Avalysis.  The complete
genome of bet-SARS-CoV was suquensed By using RMNA ¢x-
Lracked o three anal vkl Tram tee bats (824, B41, and
Beh s temiplate, ANA veas comeerted 10 CDRA by 3 cambinid
randa m-primiog and aligaid Ti-poming strategy desedbed In eed,
1A toral af 63 cets al primers, Available on requedt, were used
for PCR. The 5 ' end of the viral gename was canfirmed by rapid
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afthough the finding of severe soute resphiatony syndrone coege
naeins (SARS-Co in caged palm cheets fiom lve animal markets

i China has provided evidence for inberspecies tranamission in the
geness of the SARS epidemic, subsequent studses suggested that
the omet may have served only & an amplficaton host for
SARS-Co¥. In 3 survellance study for Cob' in nomcaged anomalks
from the wild sreas of the Hong Kong Special Administration
Eegion, we idensfied 2 OV closely reloted to SARS CoVf (bat 54R3

ol from 23 (3993 of 50 anal swabe of wild Chinese horseihoo
bats ¢ Fhinclophu sinious 3 by wsing BT POR. Soguencing and anal
yiis of threo bot SARS Co¥ gonemes From semphe colloctod ot
diffoeont dates shosod that bBat-SARS CoW i closcly selated to
SARS Lol rom humans and civets, Phy'agenctic snalyals shoveod
that bab-SARSCoY forrned o ditined chaber with SARSOoV ga
gumap M Cof, distantly mlabed b known grenp 2 CoY, Mo
chifleernem Brlweon The EalSARSCol arcl SARSCob' gonawmes
vt dilinaavsdl i Dlie agsibor genes, TR 3 ol CAT 8, which arc b

doginras oelieis ool waiialiors ala weis ctnerded Selaeen lius

rnan arw! ¢ vl SARS=Carl gesmiie, bn ackli
Tt irviarrtion in OFF 8 of batSARSCod guidnee, nel in mo
human SAHS=CoY gencanes, sUggits that i has & comimon anged
tor wils civet SAHS-CoY. Antisocy agaimct rcombinant bal-S AR

Lob' nucleccapaid protein was detected in B1# of Chineso horse
whoe bats by using an enzyme Immuncassay, Meutralizing antibody

to human SARSCod ales was detected In bats with loweer wiral
loads. Precautions shau'd be ewercsed in the Randling of these
animals.
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arendvirases (Covl ane found in a wide vadety of animal
I which they chn cxise respliatony, entede, hipatic, A
neuralogical dissases of vargng severity, A5 a result of 1
unigue mechanicm of wical replication, CaVv have & high fn
ausncy of fecombiration [ Their tendeney for recombinatio
mrd higgh FRUTATIoN raten may Allaw Them to Adapt ta mew b
an ecalogical niches. Amang Col that infect Rumand, includie
human Cev 2298 [HCeV-229EL, human Co¥ OCA3 (HCav-
OCA3), severe acute respiratory syndrame Cal (SARS-CoV),
human CoV MLG3 (HCoW-NLGIL and Co' HEUD (Cod-
HEWT), SARS-CoV causes the mast severe disease, with =)
falities reported since e SARS epidernic in 2003 [2-3).
The tsolation of SARS CoV from ceged amimals, inchuding
Hima loyan palm civets and a racoeon dog, Teom wild live maeke
i mainland China suggested thatl these snimals see the resery
for Uhee origin of the SARS epidemic (5. Hovwewer, sulbsoguen
stedics suggestod that the civel may have served anly &
amplification host far SARS-CoV ard provided the cnviranmen)
for major genetl varlations peimitting  efficlkent animaly
human and human-ta-human transmissiaons [10-15: Bacau
cretts are aften mooid with differént spacies in owindiowd
conditiand a1 makers, we candurted A suresillanes stucy |
CoV in nancaged animals frem the wild areas of the Hang Kan
Special Administrative Region [HESARL In thit repare, we
dedcribie the identibeation and molseulsr chabetenzation af
SARS-CaV-relnted virus fram Chinete harseshas Batd in Hong
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afthough the finding of severe soute resphiatony syndrone coege Keng and propose that this wirus be r‘mrwd Hat Loy =
naeins (SARS-Co in caged palm cheets fiom lve animal markets it S ARS=Col], g = i

i China has provided evidence for inberspecies tranamission in the

geness of the SARS epidemic, subsequent studses suggested that Fhethads

the omet may have served only & an amplficaton host for
SARS-Co¥. In 3 survellance study for Cob' in nomcaged anomalks
from the wild sreas of the Hong Kong Special Administration
Fegion, we idensified a CoV closely reloted to SARS CoV (bat SARS
ol from 23 (3993 of 50 anal swabe of wild Chinese horseihoo
bats ¢ Fhinclophu sinious 3 by wsing BT POR. Soguencing and anal
yiis of threo bot SARS Co¥ gonemes From semphe colloctod ot
diffzeont dates shomed that Bat-SARS CoV i closely selated tn
SARS Col from humans and civets, Phylagenatic snafysis shoveod
that babtSARSCo¥ forrned o dSadinet chasber weith SARSOoW o
gumap M Cof, distantly mlabed b known grenp 2 CoY, Mo
chifleernem Brlweon The EalSARSCol arcl SARSCob' gonawmes
vt dilinaavsdl i Dlie agsibor genes, TR 3 ol CAT 8, which arc b

ieginrn ofhors ol vaiialiorns alu wens sinerdsed Betieen lias

o ¢ el SARS-CaY g, b adddition, e gesanoe of a
Tskp inierrtion in DR 8 of banSARSCol guimemes, mel in mo
human SAHS=CoY gencanes, sUggits that i has & comimon anged
tor wils civet SAHS-CoY. Antisocy agaimct rcombinant bal-S AR

Lob' nucleccapaid protein was detected in B1# of Chineso horse
whoe bats by using an enzyme Immuncassay, Meutralizing antibody

to human SARSCod ales was detected In bats with loweer wiral
loads. Precautions shau'd be ewercsed in the Randling of these
animals.

arindwiruses (Covh ane fownd in a wide vaiety of animals
ir which lh!“,‘ [ T 1150 I"Q'_'.-FM.!MI}I’. SRS, i‘li}pﬁtll’. and
neuralogical diseases of varging severity, A5 & result of the

wild Animal Sunellince and Sample Collection.  The study was
approved by the HESARS Degartment of Agricultune, Fishes

i, and Consereation and the University of Hong Kong Com
mittee on the Use of Live Animals in Teaching and Reseaich,
From summer 2004 to spring 2005, 127 bats, &0 rodents, and 20
monkeys fram 11 locations in the HKSAR were captured (Fig.
la and Tabde ¥, which is published as supparting imformation on
the PHAS web site), Masopharyngeal and anal swabs and blood [

samples weine collected by a weternary surgeon Swabs wiers s
taken with sterile swabs and kept in vird transpot medium at 1"

4°C bufore processing (18], Where pessible, blood was collected 5

for serological studics, LA

RNA Extraction, RT-PCRSard DA Soquencing. Masopharyngeal and
anal swabs waie rested for Cobf RNA by RT-POR. Vikal BRA
eatras tinn was performed by wsing the GlAamp viral BYA, mini
kit (Qiagen, Valencia, CA} acconding to the manufacturer's
instrections, cDMA, was generated by wing random haxamars
and the SuperScript B kit (nvitregund as described in ref. 7,

eV screening was performed by wsing conecrecd primers
(5 -GOTTGEGAC TATCCTAAG T GTGA- © and 5-CCAT-
CATCAGATAGAATCATCATA-Z ‘) vargeed to A 4480-bg frag-
menit of the pod gene as described in rel, 7. Standand precaations
were taken to avold POR contamiration, and no false-positive
was observed in negative controls, The sequences of the PCR
prodects were compared with known sequences of thapal genes
of Cov In Ganfank,
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unique meshanism of vieal replication, CoV have 3 high fre o L g
nu:l'n'y of recombiration (11 Thein tendency fior erl':?mlian Viral Culurms,  ALGempts 1o lokale DAL-SART-COV were made by . d ad o
and high mutation razes may sllow hem 1o adapt to new hosg  noouating RT-PCR-positive W?_“'M"‘f’_w FRAK-A, HAT-18G, ) iy {f [ S
and ecalogical miches. Amang Cov that intect humans, including  Tun-7, Vera 6, C& 736 andiCaco-2 celis, and chicken embry- & L. | i
human Cov 229 [HCeV-2298: human Ca¥ OCA3 (HCaV- onateditggs. Viral replicarion was detected by ahaervation in r — o
OC43), severe acute respimatory syndrarme Calf (SARS-CoV). cytepathic #ffects and quantitative RT-PCR described below. | M :
human CoV¥ MNLG3 (HCoW-NLG3L. and CeV HEUN (Col- ey | - e |
HEUT), SARS-CoV causes the mast severe disease w::lh wyop  Lomelete Genome Seguencing and Gencme Aralysls.  The complute B - - 1
futelities reported since thve SARS epidernic In 2003 [2-8) gunome: of bal-SARS-CoV was suquenced by using RNA cx- 3 | ; |
The isolation of SARS-Cov fram ceged amimals, inchuding atekind Trem three anl swabs Tram thice bats (24, B41, and T l e |
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i mainland China suggested thal these snimals see the reservoir g g e i - : “
y = + ; 7. A total af 63 cets al primers, available on reguest, were ussd ¥ !
for Uhe origin ef the SARS epidemic (5, Hovwewer, sulbsogquent, . . :
stodics suggested that the vl may have sérved orly & ah for FCR. The 5 ' end of the viral genome was confitmed by ragidl
amplification host for SARS-Col and pravided the cowiranment
for major genetic vanations permitting efickent animak-a- B Brdan by S om0 B B € i B, st s
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Bal species ealen by people in cenlral Africa show evidence of symplomiess Ebola infection,
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LA toral ol 63 wers af primers, Availahle on regquest, Wwere uiecd
far PCR. The 5 ' end of the viral genome was confirmes by ragid
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B AT e P Shig eI bid Nl IS snamd i e LW rescavoir
for Uhee origin of the SARS epidemic (5. Hoveewer, sulbsoguent
stedics suggestod that the civel may have served only &5 an
amplificotion host for SARS-Col and pravided the enwiranment
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... and the search goes on...
Fruit bats as reservoirs of Ebola virus | R ——

Bal species ealen by people in central Africa show evidence of symplomiess Ebaola infection. =l ., gy, T e v L
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The Srst recorced boonen outbrosk of Ebosa b Bocaase PCR-poaitive bats were pocently
vares watin 196, but e vld scsormour ofithes  LeiRotod and son tostod bofea they devalopod
st il winomn”. Mere we st fon ol aduiectalvle inereosee iesprsec. Alervalindy,
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Isolation of Hendra virus from pteropid bats: a natural
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INTRODUCTION over’) to infect humans and other domestic and wild mam

The remarkable mammals known a5 “bats” and “flying
fanes” [arder Chiroptera ["hand wing™] may he the mast
abundant, diverse. and geographically dispersed venebrates
{Tabde 10 Althouoh o great deal is knovwn abow them, detailed
infamatian 5 needad ta explain the astonlshing variations af
their anatomy, their Ifestyles, their roles in ecogystems ecol-
oQy. and their importance 23 reservoir hosts of viruses of
proven o polentlal sgnificance for human and welerinary
health.

Bats fly with wings which mange in span from 130 mm ta 2 m.

Bats of various species feed on insects, memmals, fish, blood,
finit, and pollen. Bats of most spedics ctholodate 1o navigale
and 1o find prey. Bats are found an all continents xcepr Ant-
arctica. Bats also are being increasingly recognized as resenvoir
hosts for viruses which con ¢ross specics barriers (e, “spll

* Comspond ing suthor. Malling sddress: Anhiopod-barne dnd in-
Rt oo, Diesaes, Laboeatiny, Departement of Micobdnlogy, |memuncl-
ogy and Fathwlegy. College of Vetenngry Medicing and Bomedecal
Schenes, Colorade State Unbeersity, Fort Colling, £0 B352Y, Phone:
0RO 400 TORT. Faxr (OI0) 491 R121 F molk colithes@ioyboicoilnet
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mals. Nonctholess, studies of the natural histonics of bats and

thoir importance 33 resorvoin hosts of ooonotic viruses lagely
have been underapprecioted and underfunded, except for their
role in mainlzining and Usnsmitling rabies virus. Irespective

ol the negative public porceplion of bets, they are wilical
clements of all werrestrial biotic communities. They hoelp con-

el inseats, reseed cul forests, and pollinate plants that provide
food for humans and other spocics, and thelr guane s used as
a fentiliper and for manufaciuring soaps, gesohol. and antibi-

olics (21, 65, 831 Bul echolocation and signal processing haec
provided medch for sonar systems (112, 130,

Mpths and misunderstandings about the roles of bats in
eCosystents and thisir danger to other spedies as hosts of rabics
virus have led to effrls 1o extipate bat populations, with
senbous conseguent <ffects on insect contrgl and <rop peoduc-
thon, withaut ceincidental reduction in the alrcady low inci-
dence of rables virus transmission by bats (933,

This paper summarizes what 15 known about viruses isolated
from bats. Although there is seiclogic evidence for infection of
bats with many viruses (See, for cxample, refenences 82 and
100), wet willl focut hére anly an thée 6 vimutes that hiwe bésn
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Filovirus

LLOV
Miniopterus schreibersii

MARV
Rousettus aegyptiacus

Lvssavirus

EBLV1

Eptesicus serotinus
EBLV2

Myotis daubentonii
BBLV Myotis nattereri
LLEBV WCBV
Miniopterus schreibersii
LBV

Rousettus aegyptiacus

One

Coronavirus
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Alphacoronavirus
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