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ABSTRACT
Bats can serve as natural reservoirs for severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome coronavirus (MERS-CoV). Investigating the prevalence of bat CoV
is critical for assessing the risks of the outbreaks of emerging CoV. Chestnut bats (Scotophilus
kuhlii) were captured in this study for detecting the partial RNA-dependent RNA polymerase
(RdRp) gene in their feces through reverse transcription polymerase chain reaction (RT-PCR)
and antibodies to the nucleocapsid (N) protein of bat CoV through western blotting (WB)
analysis. Three recombinant N protein fragments (N1, N2, N3) of the isolated Scotophilus bat
CoV/CYCU-S1/TW/2013 were expressed by Escherichia coli. WB analyses were performed
with bat serum samples and the sera of a patient who recovered from a SARS-CoV infection.
Fragment N2 contained a highly conserved motif among CoVs whereas N1 and N3 protein
fragments were speci¯c to the S. kuhlii bat CoV. A total of 32 fecal and 19 serum samples were
collected in Changhua County and Yunlin County during 2013 and 2014. About 17 fecal
samples tested positive for the RdRp gene with an overall prevalence of 53%. Sequences
comparison showed that the Scotophilus bat CoV isolates in Taiwan belonged to the genus
Alphacoronavirus and were closest to Scotophilus bat CoV/Hainan/China/2005 and Dili-
man1552G1/Philippines/2008, followed by porcine epidemic diarrhea coronavirus. Only one
bat serum sample reacted positively to all 3N protein fragments. Cross-reactivity was observed
between N2 protein fragment and the sera of a patient recovered from a SARS-CoV infection.
The results indicated that Scotophilus bat CoV was circulating endemically in chestnut bat
population in Taiwan.
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INTRODUCTION

Outbreaks of coronaviral diseases caused by severe acute

respiratory syndrome-coronavirus (SARS-CoV) and

Middle East respiratory syndrome (MERS)-CoV have

prompted investigations of the natural reservoirs and

transmission mechanism of CoV among di®erent animal

species. Bats have been proven to be natural reservoirs

of SARS- and MERS-CoV in addition to other emerging

zoonosis viruses including Ebola, Marburg, rabies, in-

°uenza, hanta, Nipah, and Hendra viruses.1 The dis-

covery that a bat SARS-related CoV can respond to the

same type of cell receptor, angiotensin-converting

enzyme 2 (ACE2), from humans, civet cats, and bats to

cross-infect cell among various species con¯rmed the

interspecies transmission of bat CoV.2 More studies have

also shown that both of MERS-CoV and Bat CoV

HKU4 can use the cell receptor from humans and bats to

cross-infect cells prepared or derived from humans, bats,

camels, and other animal species.3,4

Coronavirus is the largest RNA virus with a single

positive-stranded RNA genome of 26–32 kb. The dis-

tinct CoVs have been discovered in all types of animals

because its unique transcription mechanism facilitates

RNA recombination.5 The CoV genome is organized

in the order of 50- polymerase - spike (S) - envelope (E) -

membrane (M) - nucleocapsid (N) -polyA-30. The poly-

merase gene encodes 15–16 nonstructural proteins (nsp)

including RNA-dependent RNA polymerase (RdRp),

whose amino acid sequences are the most common in-

formation used for phylogenetic analysis.6 The N protein

is critical for viral replication because of its interactions

with the viral genome and nuclear proteins.7 The N

protein is also the most common antigen used for

detecting antibodies to CoV because it is the most

abundant viral protein during CoV infections and rela-

tively conserved among di®erent CoVs.8

The Alpha-, Beta-, Gamma-, and Delta-CoV genera

were suggested for classifying all CoVs.9 Bats host a

higher number of di®erent CoV species than any other

animal species among the Alpha- and Beta-CoV genera,

leading to the hypothesis that bat CoV is the common

ancestor for all CoVs in mammals.10 Of the 20 recog-

nized CoVs today, 6 were bat CoVs and have been

detected in 11 of 18 bat families worldwide,11 including

countries around Taiwan such as China, Hong Kong,

Japan, the Philippines, and Thailand.6,8,12–15 There-

fore, investigating the prevalence of bat CoVs in the

bat population in Taiwan is critical for public health.

To acquire a comprehensive understanding of the

ecology of bat CoV in Taiwan, coronaviral RNA and

antibodies speci¯c to bat CoV were both detected

because coronaviral infections in animals typically last

only weeks or months.16–18

After the order Rodentia, bats constitutes the second

largest mammalian order (Chiroptera) and are distrib-

uted in every part of the world except Antarctica.

Because of their ability to °y and migrate, their long life

span, and their tendency to live in large social groups,

bats are predisposed to maintain and transport viruses

to other mammals, thus causing possible outbreaks of

epidemics.19 Bat CoVs were detected in young and lac-

tating female bats at a signi¯cantly higher rate.18,20

Therefore, maternity rooting sites, which are inhabited

predominantly by lactating females and newborns, are

speculated to be the major locations for CoV ampli¯-

cation in the breeding season, namely the spring and

summer.18,20 Chestnut bats (Scotophilus kuhlii) gener-

ally migrate to Taiwan for breeding from April to

October and roost in the palm trees of school campuses

and human structures. Their habitats near human

communities and pig farms poses an increased chances of

contacts between bats and pigs and human, thus en-

abling possible CoV transmission. In the current study,

we focused on Chestnut bats in detecting bat CoV and

the antibodies speci¯c to bat CoV.

MATERIALS AND METHODS

Sample Collection

The protocol for capturing and sampling of bats in the

present study was approved by the Chung Yuan

Christian University Animal Care and Use committee

(approval number 103008) and Agriculture Bureau of

Regional Government. Chestnut bats (S. kuhlii) roost-

ing in the palm trees of Chang-An Elementary School at

Changhua County (23�5005100N=120�2301200E) during

2013 and Taiwan Sugar Corporation Factory at Yunlin

County (23�3400500N=120�1705100E) during 2014 were

captured by the experienced bat biologists from Taiwan

Endemic Species Research Institute (TESRI) using an

extended butter°y net. The captured bats were put into

cotton bags individually and allowed to produce fecal

pellets for the collection in 500�L of RNA laterr RNA

stabilization solution (Qiagen, Germantown, MD,

USA). Blood samples were taken by heparin (30U/�L)-

rinsed tips from the wing veins nicked by 26G needles.

No more than 5% of total blood volume of individual bat

(1/20 of body weight) was collected for their survival.21

About 50�L of blood or 20�L of serum after the cen-

trifugation at 5000 rpm for 20min was collected from a

chestnut bat weighted 20 g in average.

20 B.-G. Su et al.

T
ai

w
an

 V
et

 J
 2

01
6.

42
:1

9-
26

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 F
L

IN
D

E
R

S 
U

N
IV

E
R

SI
T

Y
 L

IB
R

A
R

Y
 o

n 
09

/0
5/

16
. F

or
 p

er
so

na
l u

se
 o

nl
y.



RNA Extraction

Viral RNA was extracted from the fecal pellets in

RNAlaterr solution by using QIAamp Viral RNA kit

(Qiagen). In brief, 140�L of the supernatant of the

RNAlaterr solution with fecal samples after the centri-

fugation at 5000 rpm for 20min was added to 560�L of

AVL bu®er containing 5.6�L of carrier RNA in AVE

bu®er. The mixture was incubated at room temperature

for 10min and then added 560�L of 96–100% ethanol.

Next, 630�L of solution was applied to the QIAamp

column in a 2-mL collection tube and centrifuged at

8000 rpm for 1min. The ¯ltrate was discarded and the

QIAamp column was washed by AW1 and AW2 bu®ers.

Finally, viral RNA was eluted from the QIAamp column

in 60�L of AVE bu®er after the centrifugation at

8000 rpm for 1min.

Reverse Transcription

The extracted RNA was reverse transcribed to cDNA by

using iScript Select DNA Synthesis kit (Bio-Rad, Her-

cules, CA, USA) containing the mixture of random

primers and oligo dT primers according to the manu-

facturer's instructions. Brie°y, the 20�L-reaction com-

prising 13�L of viral RNA, 4�L of 5 x iScript reaction

bu®er, 2�L of random and oligo dT primers, and 1�L of

iScript reverse transcriptase was incubated at 25�C for

5min, 42�C for 30min, 85�C for 5min and then stopped

at 4�C.

PCR Detection of RdRp Gene Fragment

The presence of CoV in the fecal sample was con¯rmed

by the semi-nested PCR assay targeting RdRp gene

fragment (440 bp) using primer pair, RdRp-F and

RdRp-R, in the ¯rst PCR, and RdRp-F and RdRp-nest

R in the second PCR. Sequences of primers are listed in

Table 1. Both PCR shared the same temperature pro-

gram: denatured at 95�C for 10min, 34 cycles of 95�C for

30 s, 48�C for 30 s, 72�C for 45 s, and the last extension

step at 72�C for 7min. The expected amplicons of 440 bp

were con¯rmed by 1.5% agarose gel by electrophoresis

and puri¯ed by ZymocleanTM Gel DNA Recovery Kit

(Zymo, Irvine, CA, USA) for sequencing by Genomics

company (New Taipei City, Taiwan).

Expression of Nucleocapsid Protein

Fragments

The full length of N gene (1191 bp) was ampli¯ed from

the cDNA by primers, Sco-N9-F and ACoV.3UTR-R,

and cloned into Strata Clone Blunt Vector (Agilent, La

Jolla, CA, USA) as pSC-B-Sco1-N9-3UTR. The N1

(222 bp), N2 (699 bp), and N3 (288 bp) gene fragments

were ampli¯ed by primer pairs, Sco-N1F-BamHI and

Sco-N1R-EcoRI, Sco-N2F-BamHI and Sco-N2R-EcoRI,

Sco-N3F-BamHI and Sco-N3R-EcoRI, and then cloned

into pTriExTM-3 vector (Millipore, Darmstadt,

Germany) assigned as pTri-Sco-N1, pTri-Sco-N2, and

pTri-Sco-N3, respectively (Fig. 1, Table 1). All PCRs

used for amplifying N gene fragments were performed

with Q5r Hot Start High-Fidelity DNA polymerase

(NEB, Ipswich, MA, USA) to minimize sequence errors

from the process of PCR. The temperature program of

PCR included the ¯rst step of denaturation at 98�C for

2min, 35 cycles of 98�C for 30 s, 52�C for 30 s, 72�C for

62 s, and the last extension step at 72�C for 2min. The

three plasmids containing N1, N2, or N3 gene were

transformed into Escherichia coli Rosetta strain, sepa-

rately. N protein fragments were expressed by trans-

formed E. coli RosettaTM strain (Millipore) after

induction with 0.5mM of isopropyl-beta-D-thio galac-

topyranoside (IPTG) for 4 h at 37�C.

Puri¯cation of Nucleocapsid Protein
Fragments

N protein fragments were extracted by BugBusterr Pro-

tein Reagent Kit (Millipore) and puri¯ed by Ni-NTAr

His-Bind puri¯cation kit (Millipore). Protein concentra-

tion was quanti¯ed by OD value at 595nm with Bio-Rad

protein assay reagent (Bio-Rad) based on the standard

curve established by bovine serum albumin (BSA) from 0

to 1�g/�L. The quality of proteins was con¯rmed by 20%

sodium dodecyl sulphate polyacrylamide gel electropho-

resis (SDS-PAGE) stainedwithCoomassier Brilliant Blue

(CBB) R259 (Sigma, St. Louis, MO, USA).

Western Blotting Analysis

Puri¯ed N protein fragments were separated by 20%

SDS-PAGE and transferred to nitrocellulose membrane

(Bio-Rad). First, the membrane was blocked by tris-

bu®ered saline (TBS) bu®er (1.4M NaCl, 27mM KCl,

250mM Tris) with 5% BSA at room temperature for

40min. Second, the membrane was cut into strips to

incubated with di®erent primary antibodies at 37�C for

1 h separately, including the 1/250 diluted bat serum

samples, 1/250 diluted human serum from a patient

recovered from the infection of SARS-CoV or the

1/16,000 diluted mouse anti-His monoclonal antibody

(mAb) (Sigma) for positive control. After the washings

Bat CoV Antibodies 21
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with TBST bu®er (TBS with 0.1% Tween 20) for

30min, di®erent HRP-conjugated secondary antibodies,

including goat anti-bat IgG (1/10,000) for bat serum,

goat anti-mouse IgG (1/12,000) for anti-His mAb, and

goat anti-human IgG (1/80,000) for the human serum,

were applied to membrane strips at 37�C for 1 h. After

the washings with TBST bu®er for 30min, the blotting

reactions were developed by Immobilon Western Che-

miluminiescent HRP substrate (Millipore).

RESULTS

Detection of Bat Coronavirus

For chestnut bats (S. kuhlii), a total of 14 bat fecal

samples at Changhua County during 2013 and 18 bat

fecal samples and 19 bat serum samples at Yunlin

County during 2014 were collected. A conserved 440 bp

region within the RdRp gene of bat CoV was detected in

8 fecal samples (57%) during 2013 (Table 2) and 9 fecal

samples (50%) during 2014 (Table 3). Sequences of par-

tial RdRp gene (375 bp) of 11 Scotophilus bat CoV iso-

lates, CYCU-S1, S3, S5, S6, S8, S9, S11, S13/TW/2013,

CYCU-S34, S37, and S38/TW/2014, were submitted to

GenBank with accession number from KT381902 to

KT381912. Blast analysis indicated that all 11 isolates

belonged to the genus Alpha-CoV and were closest

to Scotophilus bat CoV 512/Hainan/China/2005

(NC009657) from S. kuhlii in the Hainan island of China

in 2005 and S. bat CoV Diliman1552G1/Philippines/

2008 (AB539080) from S. kuhlii in the Diliman of

Philippines in 2008 with 93–98% sequence identity.

The closest CoV from animal species other than bats

to the Scotophilus bat CoV isolated in Taiwan was por-

cine epidemic diarrhea coronavirus (PEDV)-CV777

(AF353511) with 70–73% sequence identity.

Expression of N Protein Fragments

All puri¯ed N protein fragments were presented as a

single band in both CBB staining and western blotting

(WB) analysis using mouse anti-His mAb (Fig. 2). The

recombinant proteins constructed by pTriEx3 system

had extra 10 amino acid residues than the original pro-

tein because of the addition of the carboxyl terminal

HSV-tag and 6 x His-tag in the recombinant proteins.

Table 1. Primers Amplifying Genes of Bat Coronavirus.

Primers Sequences (50 to 30)

RdRp-F GGTTGGGACTATCCTAAGTGTGA

RdRp-R CCATCATCAGATAGAATCATCAT

RdRp-nest-R ATCAGATAGAATCATCATAGAGA

Sco-N9-F TGGCGACTACTATGCTGCTG

ACoV.3UTR-R ATTACAGGCTTACCGTTGTGT

Sco-N1F-BamHI TAGGATCCGATGGCTTCTGTAAAA

Sco-N1R-EcoRI TAGAATTCGGCAAATCAACTCGGTC

Sco-N2F-BamHI TAGGATCCGCCATCCAACTGGCAC

Sco-N2R-EcoRI CTGAATTCGGCTTGGTGGCAACATT

Sco-N3F-BamHI TAGGATCCGGAAATGGCTGATGGT

Sco-N3R-EcoRI ATGAATTCGGATTCTGGGTGTCAAAAACC

Fig. 1 Illustration of nucleocapsid protein fragment N1, N2, and N3 with the relative positions of di®erent primers and conserved

motif.

22 B.-G. Su et al.
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Therefore, the sizes of the recombinant N, N1, N2, and

N3 protein fragments were 65 kD, 16 kD (aa 1–71),

38 kD (aa 72–301), and 25 kD (aa 302–394), respectively.

Detection of Antibodies to Bat

Coronavirus

Antibodies to the N protein fragments of S. kuhlii bat

CoV CYCU-S1/TW/2013 were detected by WB anal-

ysis. The results of PCR targeting RdRp gene and the

antibody responses to three N protein fragments from

the tested serum samples were recorded (Table 3). The

serum of patient recovered from the infection of SARS

and one bat serum (S43) reacted positively to N2 protein

fragment. Only bat serum S43 also reacted positively to

N1 and N3 protein fragments (Fig. 3, Table 3). The

correlation between the presence of viral RdRp gene in

feces and antibodies to N protein fragments cannot be

analyzed because no fecal samples were collected from

bat S43. All other serum samples reacted negatively to

all three N protein fragments even though viral RdRp

gene was detected in 9 out of 18 bats showing negative

antibody responses.

DISCUSSION

It is the ¯rst report presenting the status of CoV in the

population of chestnut bats (S. kuhlii) in central Tai-

wan. The Alpha-CoV has been investigated and similar

to the bat CoV identi¯ed in the same bat species

(S. kuhlii) sampled in the Hainan Province of China in

2005 and at the Diliman of Philippines in 2008.14,22 The

Table 2. Detection of Bat Coronavirus in the Fecal

Samples from Chestnut bats (S. kuhlii) at Chang-An

Elementary School in Changhua County Changhua

County During 2013.

ID Sexa Ageb RdRp/PCRc

S1 M Adult Pos.

S2 M <1 yr Neg.

S3 F Adult Pos.

S4 F Adult Neg.

S5 M Adult Pos.

S6 M Adult Pos.

S7 M Adult Neg.

S8 F Adult Pos.

S9 M <1 yr Pos.

S10 F Adult Neg.

S11 F <1 yr Pos.

S12 F Adult Neg.

S13 F Adult Pos.

S14 F Adult Neg.

aSex of bat was determined as male (M) or female (F) based on

external genitals.
bAge of one-year-old was determined by ephiphyseal-diaphy-

seal closure in the metacarpal-phalangeal joint.
cRdRp stands for RNA-dependent RNA polymerase gene

fragment of coronavirus targeted by PCR. Positive result,

Pos., shows a 440 bp-band after gel electrophoresis. Negative

result, Neg., shows no band.

Table 3. Detection of Bat Coronavirus in the Fecal

Samples and Antibody Responses in the Serum Sam-

ples from Chestnut Bats (S. kuhlii) at Taiwan Sugar

Corporation Factory at Yulin County During 2014.

PCRc Western Blottingd

ID Sexa Ageb RdRp N2 N1 N3

S15 M <1 yr Neg. Neg. Neg. Neg.

S19 M Adult Pos. Neg. Neg. Neg.

S20 F Adult Pos. Neg. Neg. Neg.

S23 M Adult Neg. Neg. Neg. Neg.

S24 F Adult Neg. Neg. Neg. Neg.

S25 M Adult Neg. Neg. Neg. Neg.

S26 M Adult Neg. Neg. Neg. Neg.

S29 F <1 yr Pos. Neg. Neg. Neg.

S31 F <1 yr Neg. Neg. Neg. Neg.

S32 F Adult Neg. Neg. Neg. Neg.

S33 F Adult Pos. Neg. Neg. Neg.

S34 F <1 yr Pos. Neg. Neg. Neg.

S36 M Adult Neg. Neg. Neg. Neg.

S37 F <1 yr Pos. Neg. Neg. Neg.

S38 F Adult Pos. Neg. Neg. Neg.

S42 M Adult Pos. Neg. Neg. Neg.

S43 M Adult n.a. Pos. Pos. Pos.

S45 M Adult Pos. Neg. Neg. Neg.

S48 M Adult Neg. Neg. Neg. Neg.

�Hise n.a. n.a. n.a. Pos. Pos. Pos.

SARSf n.a. n.a. n.a. Pos. Neg. Neg.

aSex of bat was determined as male (M) or female (F) based

on external genitals.
bAge of 1-year-old was determined by ephiphyseal-diaphyseal

closure in the metacarpal-phalangeal joint.
cRdRp stands for RNA-dependent RNA polymerase gene

fragment of coronavirus targeted by PCR. Positive result,

Pos., shows a 440 bp-band after gel electrophoresis. Negative

result, Neg., shows no band. \n.a." means no sample avail-

able.
dWB analyses were performed on N1 (aa 1–71), N2 (aa 72–

301), and N3 (aa 302–394) protein fragments of Scotophilus

bat coronavirus CYCU-S1/TW/2013.
eExpression of protein fragments fused with His-tag was

con¯rmed by mouse anti-His monoclonal antibody.
fCross-reactivity of N protein-based serological detection was

tested by the serum from a patient recovered from the infec-

tion of SARS.

Bat CoV Antibodies 23
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nucleotide sequence identity among isolates CYCU-S1/

TW/2013, 512/Hainan/China/2005, 515/Hainan/

China/2005, 527/Hainan/ China/2005, and Dili-

man1552G1/Philippines/2008 from di®erent geographic

origins was over 93%. All 4 samples collected in Phi-

lippines (100%) were tested positive for RdRp gene, 4

out of 43 samples positive (12%) in the Hainan island of

China, and 17 out of 32 samples (53%) in Taiwan. With

similar sample size, the prevalence of bat CoV was

higher in Taiwan than that in Hainan, China. The bats

tested positive for bat CoV did not show any clinical

signs and appeared healthy. Chestnut bats as known as

lesser Asiatic yellow bat in China (S. kuhlii) can be

found in Philippines, Pakistan, Hainan Island, Taiwan,

and Borneo.23 High similarities of sequences among the

bat CoV isolates from Hainan, Taiwan, and Philippines

suggested that Scotophilus bat CoV is enzootic in the

population of S. kuhlii in eastern Asia. It would be in-

teresting to further study whether Scotophilus bat CoV

circulates endemically in three di®erent geographic

locations or the same Scotophilus bat population can

migrate from Philippines to Taiwan, and further to the

Hainan Island of China while carrying Scotophilus bat

CoV with them.

Very few serological investigations of bat CoV were

conducted in bat populations because it is very di±cult

to collect su±cient amount of bat serum samples for

testing. The surveillance in Philippines showed that

66.5% of bat serum samples (119/179) had antibodies to

the recombinant N protein of bat Beta-CoV Phi-

lippines/Diliman 1525G2/2008 isolated from the lesser

dog-faced fruit bats (Cynopterus brachyotis), while only

29.6% of bats (53/179) were tested positive for RdRp

gene by reverse transcription polymerase chain reaction

(RT-PCR).8 The serological study in Guangdong of

Southern China revealed that 43% (75/175) and 64%

(224/350) of tested serum samples were positive by WB

analysis and ELISA based on the recombinant N protein

of Beta-CoV Rousettus leschenaultia/HKU9/China/

2007 (Ro-Bat CoV HKU9, HM211098), respectively.

Many bats having antibodies to Ro-Bat CoV HKU9

were tested negative by RT-PCR targeting RdRp gene

although the antibody titers were signi¯cantly lower in

bats tested negative than those in bats tested positive by

RT-PCR.24 In both cases in Philippines and China, the

detection of antibodies to bat CoV can provide higher

detection rate than the detection of bat coronaviral

(A) (B)

Fig. 2 Expression and WB of the recombinant N protein

fragments of Scotophilus bat coronavirus CYCU-S1/TW/

2013. (A) The N protein fragments separated on 20% SDS-

PAGE stained with CBB. (B) WB results of the N protein

fragments by using 1:16,000 of mouse anti-Histidine mono-

clonal antibody (Sigma) followed by 1:12,000 of HRP-conju-

gated goat anti-mouse IgG (HþL) secondary antibody

(Thermo). Fragment N1 (16 kD), N2 (38 kD), N3 (25 kD), and

the full length of N protein (65 kD), are shown in lane N1, N2,

N3, and N.
(B)

(A)

Fig. 3 WB results between three nucleocapsid protein frag-

ment (N1, N2, and N3) of Scotophilus bat CoV/CYCU-S1/

TW/2013 and the tested serum samples. (A) Expression of N

protein fragments was con¯rmed by anti-His monoclonal an-

tibody. Bat serum sample S43 can react to all three N protein

fragments. (B) Cross-reactivity was only presented between

N2 protein fragment and the serum from a patient recovered

from the infection of SARS-CoV.
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RNA. However, the detection rate of antibodies speci¯c

to bat CoV was only 5% (1/19), lower than 50% (9/18)

of detection rate by of RT-PCR targeting RdRp gene in

the present study. Three juveniles at the age less than

one year old were tested positive for RdRp gene but

negative for speci¯c antibody. It could result from that

three bats were too young to produce antibodies or there

was not enough time to produce antibodies after the

infection of bat coronavirus. However, the sensitivity of

the serology assay in the present study needs to be fur-

ther improved.

Cross-reactivity was observed between the antibody

to SARS-CoV (Beta-CoV subgroup b) and the N2 pro-

tein fragment containing the pan-CoV conserved motif

(FYYLGTGP) from S. kuhlii bat CoV CYCU-S1/TW/

2013 (Alpha-CoV) in the present study. Agnihothram's

group has proposed that cross-reactivity to N proteins

only happened within subgroups of the genus Alpha- or

Beta-CoV but not among di®erent subgroups.25 How-

ever, antigenic cross-reactivity have occurred not only

among di®erent subgroups in the genus Beta-CoV, like

SARS-CoV (Beta-CoV subgroup b) and human coro-

navirus (HCoV)-OC43 (Beta-CoV subgroup a),26 but

also between di®erent genera, such as SARS-CoV (Beta-

CoV subgroup b) and di®erent Alpha-CoV, including

Scotophilus bat CoV in this study, HCoV-229E, porcine

transmissible gastroenteritis virus (TGEV), feline in-

fectious peritonitis virus (FIPV), and canine coronavirus

(CCoV).27,28 Non-speci¯c antibody responses to N pro-

tein can hamper disease control strategies due to mis-

leading diagnostic results when human respiratory

disease can be caused by di®erent human CoV, including

HCoV-229E and HCoV-NL63 in Alpha-CoV, HCoV-

OC43 and HCoV-HKU1 in Beta-CoV subgroup a,

SARS-CoV in Beta-CoV subgroup b, MERS-CoV in

Beta-CoV subgroup c. To rectify the problem of cross-

reactivity, recombinant S protein can be used for the

detection of speci¯c antibodies.28 Stockman's group

designed di®erent fragments of N protein to di®eren-

tially detect cross-reactive and speci¯c antibodies.29

A similar observation was also seen in our study that the

N2 protein fragment can react to the antiserum against

SARS-CoV, HCoV-229E, and HCoV-OC43 while the

N1 and N3 protein fragments can only react to the an-

tiserum against the corresponding CoV.29 Therefore, the

N1 and N3 protein fragments developed in the current

study can be used to di®erentially detect antibodies

speci¯c to S. kuhlii bat CoV CYCU-S1/TW/2013.

In conclusion, the prevalence of bat CoV in the

population of chestnut bats (S. kuhlii) in central

Taiwan was 53% and the Scotophilus bat CoV-speci¯c

antibodies can be detected by recombinant N protein

fragments. Further researches are needed to understand

the transmission mechanism of Scotophilus bat CoV

within local bat population or migratory bats traveling

around Philippines, Taiwan, and the Hainan island of

China. It is also very important to evaluate the possi-

bility of CoV transmission between Scotophilus bats

and pigs due to the high similarity of Scotophilus bat

CoV and PEDV.
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