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Abstract: Canine coronavirus is a single-stranded RNA virus that causes enteritis in dogs of any age. Coronaviral
enteritis is seldom definitively diagnosed, since it is usually much less severe than many other types of enteritis and
is self-limiting. Conventional diagnostics for the canine coronaviral enteritis such as polymerase chain reaction (PCR),
virus isolation, and electron microscopic examination are inappropriate for small animal clinics due to the complicated
experimental processes involved. Therefore, a commercially available lateral flow test kit based on chromatographic
immunoassay techniques was tested to evaluate its performance as a first-line diagnostic test kit that could be used
in clinics. The coronavirus antigen test kit detected canine coronavirus-infected dogs with 93.1% sensitivity and 97.5%
specificity. The detection limit of the test kit was between 1.97 × 104/mL and 9.85 × 103/mL for samples with a 2-
fold serial dilution from 1.25 × 106 TCID50 (TCID50, 50% tissue culture infectious dose). Additionally, the test kit had
no cross-reactivity with canine parvovirus, distemper virus, or Escherichia coli. Overall, the commercially available
test kit showed good diagnostic performance in a clinical setting, with results similar to those from PCR, confirming
their potential for convenient and accurate use in small animal clinics. 
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Introduction

The canine coronavirus (CCV) is a single-stranded RNA

virus that causes mild to severe enteritis in dogs of all ages

[1, 2]. Canine coronaviral enteritis occurs when the coronavi-

rus invades and destroys mature cells on the intestinal villi,

resulting in a reduction of absorptive surface area and malab-

sorption [7, 10]. Clinical signs include anorexia, depression,

vomiting, and diarrhea. Most dogs recover in seven to ten

days, and the mortality rate is low. However, young dogs

may die due to dehydration or electrolyte abnormalities if

they are not treated. Additionally, co-infection with adenovi-

rus, parvovirus or distemper virus can increase mortality [1,

3-7, 11].

Coronaviral enteritis is seldom definitively diagnosed,

since it is usually much less severe than many other enteritis

and is self-limiting. Even in severe cases, infected dogs are

responsive to supportive care. Nonetheless, diagnostic tests

are indicated to differentiate coronavirus infection from other

diseases that initially mimic coronavirus infection in order to

treat the patient and predict prognosis properly based on

definitive diagnosis.

Coronavirus can be isolated in a number of cell lines, but

the procedure is time-consuming and unreliable. Polymerase

chain reaction (PCR) is also available for the detection of

coronavirus in canine feces, but it requires special equip-

ment, skilled operators, and a well-organized laboratory. 

For these reasons, a commercial rapid canine coronavirus

antigen detection test kit, a lateral flow test kit using chro-

matographic immunoassay techniques. The purpose of this

study is to evaluate the performance of the commercial rapid

test kit as a first-line diagnostic test kit that can be used in

veterinary clinics.

Materials and Methods

Specimen

This study was performed using canine fecal samples col-

lected from April 2014 to March 2015. Out of 179 fecal sam-

ples, 58 were positive for CCV and 121 were negative. Over

ten different animal hospitals in South Korea sent fecal sam-

ples from dogs suspected of having CCV infection and requested

PCR assays from the laboratory during the study period.

Lateral flow test kit 

The Antigen Rapid CCV Ag Test kit (BioNote, Korea)
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(Fig. 1) was used according to the manufacturer’s instruc-

tions. In brief, fecal samples were thawed and diluted using

assay diluents for CCV until they were fully dissolved

(approximately 10 sec). The samples were then incubated at

room temperature for 1 minute to allow the large particles to

settle. Using a disposable dropper, four drops of the superna-

tant from the diluted sample were added to the sample hole

for each test device. Test results were read after 10 minutes.

The sample was regarded as positive if both the test (“T”)

line and control (“C”) line were present within the result win-

dow. The sample was regarded as negative if only the con-

trol (“C”) line appeared in the result window, and as invalid

if the control (“C”) line did not appear. 

Nested PCR

Viral RNA extraction: In brief, 100 µL of fecal sample

was transferred into RNase-free water containing a microcen-

trifuge tube (Eppendorf, Germany). After adding 900 µL of

Trizol, the sample was mixed gently and left at room temper-

ature for 5 minutes. Next, 200 µL of chloroform was added

and mixed thoroughly. After 3 minutes, the sample was cen-

trifuged at 43,500 × g (Hanil Science, Korea) for 10 min, and

the supernatant was transferred to a new microcentrifuge

tube (Eppendorf). After the addition of 500 µL of iso-etha-

nol, the solution was mixed vigorously, then left at room

temperature for 10 min. After centrifuging (Hanil Science)

the sample at 43,500 × g for 10 min, the supernatant was

removed, and the pellet was washed with 1 mL of 75% etha-

nol. The sample was centrifuged (Hanil Science) again at

43,500 × g for 10 min, and the supernatant was removed. The

remaining pellet was dried on a clean bench for 15 min and

dissolved with 10 µL of diethyl pyrocarbonate (DEPC) water

(Sigma-Aldrich, USA).

Primers for reverse transcription PCR (RT-PCR) and

Nested PCR: Nested PCR uses two primer sets. The first

primer sets used in this study were primer CCV gP1 F and

primer CCV gP1 R The second primer sets were primer CCV

gP2 F and primer CCV gP2 R (Table 1).

RT-PCR: One microliter of extracted RNA was mixed

with 2 µL of 10-fold-diluted CCVR1 primer, and the mix-

ture was left at 70oC for 5 min. Next, 15 µL of DEPC water

and 2 µL of 10-fold-diluted CCVF1 primer were added to the

Bioneer RT Premix (AccuPower RT PreMix; Bioneer, Korea).

Both solutions were mixed together, and RT-PCR was per-

formed. The temperature condition was set as the following:

initial denaturation at 94oC for 10 minutes, followed by 33

cycles of denaturation at 94oC for 25 sec, annealing at 58oC

for 30 sec, extension at 72oC for 2 min, and elongation at

72oC for 5 min. 

Nested PCR: Nested PCR was performed on a BIORAD

DNA Engine PTC 0200 (USA) according to the method by

Naylor et al. [12]. One microliter of the amplified RT-PCR

product, which was diluted 10-fold with DEPC water, was

used as a template. It was mixed with the reaction solution

including dNTP mix (each 10 mM), 10× PCR buffer, 5× Q

solution, Tag polymerase, and CCVF2 and R2 primers. The

cycling condition for nested PCR was the same as that for

RT-PCR. The products of the nested PCR reactions were ana-

lyzed with agarose gel electrophoresis to assess the presence

of the amplified bands at 514 bp (Fig. 2).

Diagnostic sensitivity, specificity, and accuracy

All of the collected 179 samples were tested with the rapid

kit. The diagnostic sensitivity, specificity, and accuracy of the

kit were calculated as shown in Table 2.

Detection limit

Samples of the CCV DS 2 strain (1.25 ×106 TCID50/mL;

TCID50, 50% tissue culture infectious dose). and its 2-fold

serial dilutions were prepared in order to evaluate the limit of

detection for the rapid test kit compared with that of nested

Fig. 1. Illustrations of the Antigen Rapid CCV Ag Test Kit

results. (A) Negative result. (B) Positive result. (C and D) Invalid

result. 

Table 1. Primers for reverse transcription polymerase chain
reaction (RT-PCR) and nested polymerase chain reaction
(nested-PCR)

Accession No. Sequence (5'−3')

CCV gP1 F TAATGTGACACAAYTGCCTGGCAATG

CCV gP1 R CTGTAGAAACTYGACTCACTCACTG

CCV gP2 F GTACTGGCAATGCAMGWGGTAAACC

CCV gP2 R ACRTTGGTNGCATAGCCAGTGCA

F, forward; R, reverse.

Fig. 2. Detection limit test result for the Antigen rapid CCV Ag

Test Kit (A) and nested PCR (B). M, marker; Lane 1, 1.25 × 106

TCID50/mL of CCV positive sample; Lanes 2–14, a two-fold

series of dilutions (6.25 × 105–1.55 × 102 TCID50/mL); Lane 15,

negative control.
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PCR. Assay diluents included with the Antigen rapid CCV

Ag kit were prepared as the negative controls. Fifteen

concentrations of the samples were assayed using the rapid

test kit and nested PCR. 

Cross-reactivity

Canine distemper virus, canine parvovirus, porcine transmissi-

ble gastroenteritis virus (TGEV), and Escherichia coli (E.

coli) were prepared to evaluate the cross-reactivity of the

rapid test kit. The titers for these canine-related viruses were

between 105 and 106 TCID50/mL, and the concentration of E.

coli was 108 CFU/mL (CFU, colony-forming unit). 

Results

Sensitivity and specificity

To evaluate the accuracy of the rapid test kit, serum sam-

ples were obtained from dogs naturally infected with CCV.

Fifty-four of the 58 PCR-positive samples had positive results

when tested using the rapid test kit and three out of 121

PCR-negative samples had positive results when tested using

the rapid test kit. Accordingly, with the samples evaluated in

this study, the sensitivity and specificity of the rapid test kit

were 93.1% and 97.5%, respectively (Table 3).

Detection limit

The performance of the Antigen rapid CCV Ag kit was

first assessed in-house with field samples, and was com-

pared with the results of the PCR test conducted in parallel.

The detection limit for the rapid test kit was 1.97 × 104/mL

–9.85 × 103/mL irrespective of the serotype when tested with

the samples serially diluted 2-fold from 1.25 × 106 TCID50/mL

(Table 4).

Cross-reactivity

Fifty-eight dogs were PCR-positive for CCV, and none of

the dogs were PCR-positive for canine parvovirus, canine

distemper virus, and E. coli. However, the rapid test kit

showed cross-reactivity with TGEV, which is included in the

coronaviral group (Table 5). Additionally, 34 dogs were found

Table 2. Formula for calculating diagnostic sensitivity, specificity, and accuracy

Gold standard method (nested PCR)
Total

Positive Negative

Antigen Rapid CCV Ag Test Kit

Positive a b a + b

Negative c d c + d

Total a + c b + d a + b + c + d

Diagnostic sensitivity (%) = a / (a + c) × 100; Diagnostic specificity (%) = d / (b + d) × 100; Accuracy (%) = (a + d) / (a + b + c + d) × 100.

Table 3. Sensitivity and specificity test results for nested PCR and the Antigen Rapid CCV Ag Test Kit

Nested PCR
Total

Positive Negative

Antigen Rapid CCV Ag Test Kit

Positive 54 3 57

Negative 4 118 122

Total 58 121 179

Sensitivity (%) = 54/58 × 100 = 93.1; Specificity (%) = 118/121 × 100 = 97.5; Accuracy (%) = 172/179 × 100 = 96.1

Table 4. The detection limit of the commercial rapid CCV Ag test kit compared to nested PCR

Titer (TCID50/mL) Rapid kit Nested PCR Titer (TCID50/mL) Rapid kit Nested PCR

1.25 × 106 Positive Detected 9.85 × 103 Negative Detected

6.25 × 105 Positive Detected 4.93 × 103 Negative Detected

3.13 × 105 Positive Detected 2.47 × 103 Negative Detected

1.57 × 105 Positive Detected 1.24 × 103 Negative Detected

7.85 × 104 Positive Detected 6.20 × 102 Negative Detected

3.93 × 104 Positive Detected 3.10 × 102 Negative Detected

1.97 × 104 Positive Detected 1.55 × 102 Negative Not detected

Table 5. Cross reactivity of commercial CCV rapid test kit

Cross-reactivity

Canine parvovirus No

Canine distemper virus No

Porcine transmissible gastroenteritis virus Yes

Escherichia coli No
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to be co-infected with canine parvovirus and 16 dogs were

co-infected with canine Giardiasis.

Discussion

In this study, we evaluated the performance of the com-

mercial rapid test kit for detecting the CCV antigen. The

PCR experiment was selected as the gold standard test

because it is commonly used by various veterinary diagnostic

laboratories and has been utilized in many large-scale tests. 

Fifty-four of 58 PCR-positive samples were recognized as

positive for CCV by the rapid test kit, while 118 of 121 PCR-

negative samples were recognized as negative. The sensitiv-

ity and specificity of the Antigen rapid CCV Ag test kit for

CCV detection were 93.1% and 97.5%, respectively, com-

pared with those of nested PCR. False negative results can

occur when a positive sample contains a concentration of the

CCV antigen that is lower than the detection limit for the

rapid test kit. Also, fecal samples containing complexed anti-

gens fail to react with the test antibody, resulting in false neg-

ative results. False positive results can occur due to non-

specific binding reactions, and have been linked to uncertain

substances in the fecal sample. Some substances in the sam-

ple can bind to the trapping antibody (colloidal gold-conju-

gated labeled antibody coating the conjugated pad), forming

a complex that can be easily detected by the capture anti-

body coated on the test-line of the strip, which results in a

false positive [9]. Because of these false negative and false

positive results, many authors think that the rapid test kit

alone has limited diagnostic value in clinics. However, false

positives occur in only a small percentage of cases and there-

fore as a first-line diagnostic test kit, the performance of the

rapid test kit is satisfactory.

The detection limit for the Antigen rapid CCV Ag kit was

confirmed to be 1.97 × 104/mL–9.85 × 103/mL. A 2-fold dif-

ference in virus concentration was sufficient to determine an

accurate detection cutoff for rapid detection of CCV. The

commercial rapid test kit is considered satisfactory for use in

the detection of CCV antigen in small animal clinics. It

should be noted that the detection limit determined here is an

estimate for field samples. Further investigation is required to

accurately determine the detection limit of the assay on cul-

tured viruses. 

CCV is a virus in the Coronaviridae family, which can be

divided into three antigenic groups [13]. Group 1 coronavi-

rus includes CCV, TGEV, feline coronavirus, and the human

coronavirus 229-E. These viruses can serologically cross-react

with each other [8, 14], and genomic analysis shows close

relationships between them [14]. The Antigen rapid CCV Ag

kit did not show cross-reactions with other viruses except for

TGEV. Therefore, it is recommended to detect CCV antigen

using immunological assays to prevent cross-reactions with

other group 1 coronaviruses.

The Antigen Rapid CCV Ag kit showed good diagnostic

performance in a clinical setting, with results similar to those

from PCR experiments. There were no significant differ-

ences in the test results of the commercial kit and PCR anal-

ysis. A lower number of positive results (n = 54) was obtained

from the former compared to the latter (n = 58), resulting in a

higher number of false negatives. However, the PCR assay

depends heavily on an experienced technician performing the

experiments and is not always available, whereas the com-

mercial rapid test kit is a very easy-to-use kit. This technique

is very simple to perform and to interpret enabling efficient

use in animal clinics.
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