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ARTICLE INFO ABSTRACT

Received December 20, 2022 Canine parvovirus type 2 (CPV-2) and canine coronavirus (CCoV) are major pathogens that can
Revised 11 February 2, 2023 induce gastroenteritis in dogs. They are highly contagious and have a high morbidity rate. There are
Revised 2% March2, 2023 no specific treatments available for them to date. Therefore, rapid and accurate diagnosis becomes
Accepted March 8, 2023 ) . . . . . . .
essential. The rapid diagnostic test (RDT) for animals can be used widely in the field because it is fast
and easy to use for diagnosis. Thus, this study aimed to clinically evaluate and confirm the clinical
utility of CPV-2/CCoV RDT. The parameters evaluated included the limit of detection (LoD),
cross—reactivity, interference, sensitivity, specificity, negative likelihood ratio (NLR), and kappa
value. The results revealed that the LoD values for CPV-2 and CCoV were 9.7 x 10 50% tissue culture
Coronavirus. canine infectious dose (TCIDso)/mL and 2.5x 10% TCIDso/mL, respectively. There was no cross-reactivity
Parvovirus, canine with nine pathogens or interference by interfering materials. The RDT showed a sensitivity of 90.0%,
Rapid diagnostic tests a specificity of 100.0%, NLR of 0.1, and a kappa value of 0.90 for diagnosing both viruses. In
Sensitivity and specificity conclusion, CPV-2/CCoV RDT is useful as a screening test because of its high sensitivity, specificity,
kappa value, and low NLR.
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gad A4HR(polymerase chain reaction, PCR)Z} &4
AFPCR (reverse transcription PCR, RT-PCR)2 Z}+2} t]2-
Al@|H A K deoxyribonucleic acid, DNA) Hio]HAQ]
CPV-22} 8238 Kribonucleic acid, RNA) Hfo]E A1
CCoV9] = AAP(reference method)o|tH4, 6]. H1Z T
O A= AN 71 FAA QA 31710 ] W X
1S "8 = 3ItHo, 10]. AlERIST|E(rapid diagnostic
test, RDT)=7HHsk, BAIA 0] HARKQAZIO] B2 HAL
HoltH8, 10]. SZHAR1 oAb B 2| E S 4= Qlof A4t
TEHIE g9Y g4 AR@FolA de] &=L ot
[8-11].

=& RDT AP R s & 429 $7F, Qlea-a-daHe
Y, 5574 2189 ARSI B AT A o= 9
SEH1L, 12]. AR sS4 FE 7] AEEAl| T2
H5=8& 57]7] 52 71710l thet Y E F=(48%), AALE
TH21%) R 71719] FE(3% N thet A==t 22 2o & &
STEH13).

FA CCoV RDT “d-5871°] Higt A= CPV-2 RDTOf
3 AR A, FHlo|HAE A HESH= CPV-2/CCoV
RDTO| gt A= A9 gl= eIt RDT] Wit e+ di4k
SEFHEG 3, AELE Ao 7t AEAR1 A 0 & AAH
11 300] 358 RDTY| 34 F-8/82 ts eI a7t 3l
tH4, 8, 10, 14]. wEhA] & A= CPV-2/CCoV RDTE 35
W75 B3l CPV-29F CCoV Xt thgt RDT] /34 #-8
‘3= SRl stk

1. HiOl2AZ 2 T2

Ao] AREE Ho|HAFE= American Type Culture
Collection (Manassas, VA, USA)O|A £ttt CPV-2
(VR-953, 2.0x10° 50% tissue culture infectious dose
[TCIDsol/mL)2+ CCoV (VR-2068, 2.5x 10° TCIDso/mL)=
F|AAZSHA(limit of detection, LoD), WAPEES 7HIEES-
of] AR&=]3ITE. CCoV (VR-809, 106.5 TCIDso/mL)= CCoV
spiking AAl Az ABEYE wARESOl= canine
distemper virus (CDV), bovine parvovirus (BPV), porcine
parvovirus (PPV), canine parainfluenza virus (CPIV),
canine adenovirus type 1 (CAV-1), CAV-2, canine
herpesvirus (CHV), Escherichia coli (E. col)), Salmonella
Paratyphi (8 Paratyphi)7F ARSE| ST}, ARSE 5= Hio]
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A 5.0x 10° TCIDso/mL, Al 10° colony forming unit
(CFU)/mLoltt. ZHdEEEE FH(1%), YFRI342 pM,
Sigma-Aldrich, St. Louis, MO, USA), AZ(1.5 mg/ml,
Sigma-Aldrich), SH2HE(500 mg/dL, Sigma-Aldrich)
o] ARGE| ]I

2018 SURE 11E7H] B A, Akl 24k F1E,
7371%= 8215 571 X199 9] F=HHollA CPV-2, CCoV 3742
2 jsto] o= wgH 7 60m=I(CPV-2 5011, CCoV
10912])2}-S4d 0= T 90nH] Q] BRE =5ttt o] &
24391 40utE] 2] B2 CCoV spiking®fl ARSEI ALY

3. CCoV spiking

4% EEHAE AR 0.1% 2 EZ/ISHAIZ] CCoVE
7|Eo) Alg 95 1/5, 1/10 &= F- 500 uL7t ===
Shalgict. Teln W Aol 94 B sste] wgoR
2io] Esh 2 BRI 2 5 S|AE §olo] 4lo] ALg3laict

4. MEZXIHI|E (rapid diagnostic test)

AERoA CPV-22F CCoVE B4l A&SH= CCV/CPV
Ag test (Genbody, Cheonan, Korea)& AF&53ic}. AR
= A ZARR] A AE 55tk A s AdEe] B
A20] 15~30% & tha 7| ECl £019)= e o2 o &
Hat YRS Z5A 248 1 mLY 950 i, B3 45
HZ 2 AlolA| st 3jAE HA| 43-2(2F 100 uL)= BA|
Asjio] gojxe]| 1, 10& & 23 W09t A4 diert
PRAOF A 54, AR 13 ti24(C)ell e d
CPV-2 ¥, A 28 t2A(C)ofl bt CCoV 82
= =gttt iRA(C)o]l SHErFHERA] 20 AAE A
AlstSiet.

rot

=
A= AAF 15~308 Hof A2 sEslth HEo=
A EHE 600 pL S H(phosphate buffered
saline, PBS)°ll 21, 1087t B84 )(vortexing)3t 3 3,000
rpmolA] 158 B9 ¢ Eesiit. A5 200 pLE
QIAamp cador pathogen mini kit (Qiagen, Germany)&
ARg31o] S 32351990t PCRS HelixAmp™ direct PCR
[3G] (Nanohelix, Daejeon, Korea)= AR&5}41L, primer

(Cosmogenetech, Seoul, Korea)= 10 pmol/uL =%



Table 1. Primer sequences used for PCR and RT-PCR
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Primer Sequences (5'—3")
CPV-2 Forward 5-CAG GAA GAT ATC CAG AAG GA-3
Reverse 5-GGT GCT AGT TGA TAT GTA ATA AAC A-3
CCoV cDNA (reverse) 5 -TCT GTT GAG TAA TCA CCA GCT-3
Forward 5'-TCC AGA TAT GTA ATG TTC GG-3
Reverse 5'-TCT GTT GAG TAA TCA CCA GCT-3

Abbreviations: PCR, polymerase chain reaction; RT-PCR, reverse transcription PCR; CPV-2, canine parvovirus type 2; CCoV, canine

coronavirus; cDNA, complementary deoxyribonucleic acid.

s]4sto] ARg-sFtHTable 1). PCRL 50T 5%, 95T 5
9] z7] ¥A(pre-denaturation) & 95C 20% WA
(denaturation), 53C 30 Z3Hannealing), 72°C 18 A1%F
353] HWHE, 72CoA 58t 37 A
(post-extension)& St} PCR A= A7 95 % 583 bp
oA W=7t Yo CPV-2 FHo= sgoiaict. AEA
DNA (complementary deoxyribonucleic acid, cDNA) &t
232 TOPscript™ cDNA synthesis kit (Enzynomics,
Daejeon, Korea)E ARESIT;. PCRES % cDNAZ
HelixAmp™ direct PCR [3G] (Nanohelix, Daejeon,
Korea)2 AF&35}1o] AAIG199CHTable 1). RT-PCR Aif= A
71%9% ¥ 409 bpollAl Hi=7} ERlE™ CCoV Yo = T

sfict

(extension)=

6. Z|AZAES(limit of detection)

LoD 274 /Fsq /M e e, B4 B AEshe
58S o8] RDTS] EFAS SIsH: g2olc). Age

Clinical and Laboratory Standards Institute (CLSI)
EP17-AE 3arsto] 97p71gR1E CPV-22F CCoVE 71Ef
AlT= A5 0 2 A 514 (2-fold serial dilution)stod 23]
HHESASIATH 5], 122l SO R T o P W2 |
OJA] Ob= e A T f7A= 397 19 13, 18] &
7 Al 203] REEZ7g510] 95% ool OJF*J_E Hol=5kE&
RDTS] LoD& A3ttt = A4 ot &4 ol A
HEEEsto] 3| A7 2715HH.

ol
=<

~

S

XJHE
AES-Z CPV-2, CCoVe} HISR 25 7HA| ALt fA
T Hol=H A 980 thet wARk3/dE Siklsk
ot} AF 1Y 13], 5Y REQ 7|ER 33| HHES7F5I5]

. At P Rol et 54 0 & SRIEH wAkSo] gl A
O = Hor} 72 ABEskd o = Ao = 4= QU= E,

o|o
3
oz

[¢)

MU )

|2y, 28 9 FHAEHE0| ol FRE 73] F1l
5= gR=o|c), A9l CLSI EP7-A2E FastqieH16]. A9
o= SAREELL PBS, Ase PHEFEL2 LoD S
HoflA Fte = Hes] ERlE= 7MY W2 5%Ql CPV-2
1.6x10° TCIDso/mL, CCoV 3.9% 10° TCIDso/mL7+ A8
rt A2 19 13], 5Y 2EQ] 7|ER 33| §EEE7g519Ith
ZHdEHo] Z3=|R] ok Rttt 23hE Adte] Z7kE v
wsto] zlo]7}k §lom 7Hdo] Yofubx] dgketar Bttt

8. 4 24

W= (sensitivity), 0] %=(specificity), $=8|(likelihood
ratio, LR)x= AAP ] B & B7lol= F&o(ch 71ukEA
Hkappa value, W 95% AlFF7H95% confidence
interval [CI)2 237t AR831E A ZE 1321 GraphPad
Software (San Diego, CA, USA)?} MedCalc Software
Diagnostic test evaluation calculator version 20.019
(Ostend, Belgium)< ©|-851ct-.

2

1. ZAZAESH(limit of detection)

FFELS T 3|45t 3 §Qko & ofA Hh3-S Hol|
L =L CPV-2 4.9% 10 TCIDsp/mL, CCoV 1.2x 10
TCIDso/mLett. o] s&=FE 5HA 9 &=l CPV-2
7.8 %10 TCIDso/mL, CCoV 2.0x10? TCIDso/nM}th 1
A 203, 3Y7H REESAgo1 YT, = uolY A IE HRE S A]
U 23S B}, 54 02 CPV-2 HE| thstRDTY
LoD=9.7 %10 TCIDso/mL, CCoV Z&°f tigt RDTS] LoD
+2.5%10° TCIDso/mLE ER1= At Tables 2, 3).
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Table 2. Limit of detection of rapid diagnostic test for CPV-2 and
CCoV

O

2. WAIS 2 74

=

CPV-2 CCoV

CPV-2 9 CCoVe} HISZ 2 = AR B4R Hol=
CDV, BPV, PPV, CPIV, CAV-1, CAV-2, CHV, £ coli, S.
Paratyphi & YA 950 23t WARES-2 LojubA| QI9k
(Table 4). ZME4Q1 G, U2l 1A E FAHE 52

CPV-2 9 CCoV9] AE0l| 7HdE Yo7|A] &kt Table 5).

Concentration
(TCIDso/mL)

2.0x10° Pos Pos
1.3x10° Pos Pos
6.3x10" Pos Pos
3.1x10* Pos Pos
1.6x10 Pos Pos
7.9x10° Pos Pos 3.
3.9x10° Pos Pos
2.0x10° Pos Pos
9.8x10? Pos Pos
4.9x10° Pos Pos
2.5x10 W+ W+
1.2x10? Neg  Neg
Neg - - -

Concentration
(TCIDso/mL)

2.0%10° Pos Pos
1.0x10° Pos Pos
5.0x10 Pos Pos
2.5x10* Pos Pos
1.3x10" Pos Pos
6.2x10° Pos Pos
3.1%x10° Pos Pos
1.6x10° Pos Pos
7.8x10° Pos Pos
3.9x10° Pos Pos
1.9x10? Pos Pos
9.7x10 W+ W+
4.9%10 Neg

Test 1 Test 2 Test 1 Test 2

BIZE, B0, SN H|(negative likelihood ratio),

7 S A 2 o)

CPV-2 AZ°] gt RDTE] W13+ PCR 4 507 545
7§7} RDT 22 AE= 0] 90.0% (95% CI, 78.1~96.7),
Eo|%= PCR &4 507 BF 5422 HES]0] 100.0%
(95% CI, 92.9~100.0)°]t}k. CCoV AZ&C] tigt RDTE] 7
F+= spiking HAIE Z3sto] RT-PCR 943 5070 5 457K
7} RDT Y22 90.0% (95% CI, 78.1~96.7), Eol=+=

Abbreviations: CPV-2, canine parvovirus type 2; CCoV, canine
coronavirus; TCIDsg, 50% tissue culture infectious dose; Pos,
positive; Neg, negative; W+, weakly positive.

Table 3. Measurement of five concentrations to confirm the limit of detection for CPV-2 and CCoV

CPV-2 CCoV

Concentration Concentration

(TCIDso/mL) Day 1 Day 2 Day 3 (TCIDso/mL) Day 1 Day 2 Day 3
7.8x10° Pos (20/20) Pos (20/20) Pos (20/20) 2.0x10° Pos (20/20) Pos (20/20) Pos (20/20)
3.9%10° Pos (20/20) Pos (20/20) Pos (20/20) 9.8x10° Pos (20/20) Pos (20/20) Pos (20/20)
1.9%10° Pos (20/20) Pos (20/20) Pos (20/20) 4.9%x10° Pos (20/20) Pos (20/20) Pos (20/20)
9.7x10 W+ (20/20) W+ (20/20) W+ (20/20) 2.5x10? W+ (20/20) W+ (20/20) W+ (20/20)
4.9%10 Neg (20/20) Neg (20/20) Neg (20/20) 1.2%10° Neg (20/20) Neg (20/20) Neg (20/20)

Results were repeated 20 times per day for 3 days.
Abbreviations: See Table 2.

Table 4. Cross-reactivity of rapid diagnostic test for CPV-2 and CCoV

Cbv BPV PPV CPIV CAV-1 CAV-2 CHV E. coli S. Paratyphi
CPV-2 Neg Neg Neg Neg Neg Neg Neg Neg Neg
CCoV Neg Neg Neg Neg Neg Neg Neg Neg Neg

Abbreviations: CPV-2, canine parvovirus type 2; CCoV, canine coronavirus; CDV, canine distemper virus: BPV, bovine parvovirus; PPV,
porcine parvovirus; CPIV, canine parainfluenza virus; CAV-1, canine adenovirus type 1, CAV-2, canine adenovirus type 2; CHV, canine
herpesvirus; E. coli, Escherichia col, S. Paratyphi, Sa/monella Paratyphi; Pos, positive; Neg, negative.

Table 5. Interference of rapid diagnostic test for CPV-2 and CCoV

Whole blood Bilirubin Lipid Cholesterol
+ - + - + - + -
PBS Neg Neg Neg Neg Neg Neg Neg Neg
CPV-2 Pos Pos Pos Pos Pos Pos Pos Pos
CCoV Pos Pos Pos Pos Pos Pos Pos Pos

Abbreviations: CPV-2, canine parvovirus type 2; CCoV, canine coronavirus; PBS, phosphate buffered saline; +, including interference materials;
-, excluding interference materials; Pos, positive; Neg, negative.
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Table 6. Comparison of diagnosis results for CPV-2 and CCoV from RDT with PCR and RT-PCR

PCR/RT-PCR
CPV-2/CCoV Total
Positive Negative
RDT
Positive 45 0 45
Negative 5 50 55
Total 50 50 100

Abbreviations: CPV-2, canine parvovirus type 2; CCoV, canine coronavirus; PCR, polymerase chain reaction; RT-PCR, reverse—transcription

polymerase chain reaction; RDT, rapid diagnostic test.
Sensitivity (%)=45/(45+5)x 100=45/50x100=90.0
Specificity (%)=50/(0+50)x 100=50/50x 100=100.0

Negative likelihood ratio=

probability of negative test in those with disease _ 1-sensitivity =(1-0.9)/1=0.1/1=0.1
probability of negative test in those without disease  specificity : : :

probability of positive test in those with disease

__sensitivity =0.9/(1-1)

Positive likelihood ratio=

RT-PCR <73 5071 5% 273 2= 100.0% (95% CI, 92.9~
100.0)°]ct. FHlo|HA HE 24 H](negative likelihood
ratio, NLR)20.1 (95% CI, 0.04~0.23), 2 0.90 (95% CI,
0.81~0.99)2.2 YePITHTable 6).

k=l
2t

191 7H- 371 4 1153t 502 Qlof A Al AH o2 v
= BR 7 S7IeEA i EEL] 7ol theh Il =
o1l IeH171. i Riets ' 5 7P B2 Hle= AHAJskaL
[12], 7R} Wit Aol =5 12 Adlr] dglo|t18,
19]. 23171 AgH SR AR HE= 34 ofstof|A] 5] B
(18], Ark= ARt 2R ARGl o|2A] T 4= o] A =E ¢
SHARN YA o] F-851HH1, 3]. CPV-22F CCoV+= Ak
QF-Fofgt Ao =58 AL =8 HYAR(L, 21, 2
7= CPV-2/CCoV kS J3HRDTY YAFA 78438 2
QIsk=H] 927} Ut

ojxo] Bi1E Ao W= A AAeIA CPV-2+= <
10° TCIDso/mL [20], CCoV= 1 x 10° TCIDso/mL Z7F] B}
ol AE=IIEH21]. A A HPHo U A XIggTA el
e} Aol Hlo|#| A= &0] o FAITH22, 23] LoD H71E}
W HAY It 22 F55] 2] 7hsshal AZiE

St AERO|A F ol Blo|HAE HES 4= U= RDT=
o Hlo|2i 7% RDTETH Al "asgh AA9] o, Hlg,
ARt 5ol HAA oA, B-82olth24, 25]. oFA|qt gt
2 ol tiAlZ A 2f5k FHARK] & o S, e~
HES-S 0]-8317| wjiol] HAM Alo|2] A]7} Fom wAp
2 7o) A AR1 EAH ] E 4= JltH24, 25]. & AollA

r

ol

i

15

ool

2

=
oo

probability of positive test in those without disease ~ 1-specificity

+ LoD AY A] 215 %2] CPV-22} CCoVE ARSI &
Tk, = Hiol A Al 9] WARESE T A] 9iltt. o]
ot Aik= FESHIA} Sk Ho|E A o] ol FAE
ARE3H7| wizol] A 952 HIEsH CPV-22F CCoV d= 1k
O] WAES- EJE HoX] 9= A 0= ABZHErt

RDTE] Aak= 131 SIS FI5f] thde] ohelo] Zasty| f
2ol Aol 23f) HiolHATF AA AL AALR Hio|2 A
7} Sl E)= 5 AU HREL] JFE i 4 AUTHI0, 221
ole} &¥] PCR¥} RT-PCRE it 55 U] & ol-8<l7] Wiz
of| mge] a4t HEo] 7Fsska14], viol# A 7 AlxEe] 7
S ol A0] Sike 7HE 4= Qlo] A o= AAEE:
O Y =7} RDOTH T =& Ho|oH22]. S4ARSEH3} RDT
H] 1 7Rt of2] ¢+t Axje] W= CPV-2 RDT+= Y=
22.2%~95.4%, E0]%= 71.4%~100.0% [8-10], CCoV RDT
= 97T 93.1% (95% CI, 83.3~98.1), E°]%= 97.5% (95%
CL, 92.9~99.5)5 HtH26]. RDTOf| AR&= &Alof| = 3
U-A A2 Zol7} RDTY] W0l Yk mjxl A o=
ABZLETH27].

[RZ FHEC] FRS A ghal, AARL] Ae=E el
=BARFCITHO, 28]. NLR2 0.1 v[eto]Hd HApHo] ufj-¢- 3-8
Skaz, 0.5 234 AAPH Q] §-8/d0] HojRIal EoHg, 9]. &
152 RDT+= NLRO] 0.10]2 82 £2 58585 7R 20w
Bt} AT H|(positive LR, PLR)= 10 Z3hH HARH
o] v {85}, 2 mlFtolH -F-8-do] Hoxltjal HATH 2 A
Lo A& RDT= 50 % 100%°]7] whzofl 5710 o] ==
2 PLR2 AKIE = QIHS, 9]. k=5 AARH 1] YA =5 &
Yoz AL E LR 0 =2 0.60 oVdelH £2 YA =5 &
FHHS, 9, 29]. o] Aol T=rH CPV-2 ROTS] H$-PLR O~

¥ o

et
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10.18, NLR 0.07~0.78, k=0.03~0.67 [8-10], CCoV RDT<] 7
$-PLR37.2(95%Cl, 12.26~15.05), NLR 0.07 (95% CI, 0.03~
0.18), =0.91 (95% CI, 0.85~0.98)-2 EHTH206].

ZAEA 0 F Genbody CCV/CPV RDT+= 5 Hlo| A9 A
20l o] =2 T, Bolk, k& E2NLR 52 Hlou=
250 27 E 94 24 E AR AEAAEA 82 A
o2 gtEch

Tt At 2 71| Aol ik A, CCoV 43
AAY] F=0 = spiking HAE Zot] Hrsilct S A
A|] 7T HZ=35E 79 spiking AAIE ARES] A5 H7HE A
3y 4= AH30] AHAS] 471 SRt i 2 e o= AY
ZHEe}. E4, B71ol AR A AAIQ] HlolHA rFER]
E|X] Qdort. thest X9 TAICt 7t Rl AAIE &8st
A7t FSY=]A A=]E S| TS 58T A 0= Ak

O OF

i |

7} Ik HEto]#] A(canine parvovirus type 2, CPV-2)2+ 3
ZHPo]#E A(canine coronavirus, CCoV)= 7HoflA 4t
T Yo7]= 52 HAAo|oh FHlo|H A= A1 ol

S A ZHHo] §lof 4l et xItto] F a5t
& (rapid diagnostic test, RDT)= #2171,
S| A da] Z-8= 1 Q. o]of E dToflA]
7}& 53] CPV-2/CCoV RDTS] U4 58438
gRlstarat sioict. 4587 F=o & HAHEA(limit
of detection, LoD), WARES, 7Hd, W=, o), 3/39-=
H)(negative likelihood ratio, NLR), 712-5AR  kappa value,
K) 5= R8I 45872, LoD+= CPV-29.7x10 50%
tissue culture infections dose (TCIDso)/mL, CCoV 2.5 x 10>
TCIDso/mLE YEPITE HYA] 950f ofet wARkgat M=
2o gk 7hd2 T A] 29ttt RDT= FHle|H AL A&
of] 3lof RIZE 90.0%, o= 100.0%, NLR=0.1, k=0.902.
2 Yehgth. 222902 CPV-2/CCoV RDTE &2 WA,
B0\, k@ -2 NLRS Hof AHFAIEN §-8T 0= 4B
ZFET.

%
1?5
i

o]
!
0
o
2
T

ol
N
gl
rN

o [
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ox
olr
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