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Abstract
Background  Aleutian mink disease, mink viral enteritis and canine distemper are known as the three most serious 
diseases that cause great economic loss in the mink industry. In clinical practice, aleutian mink disease virus (AMDV), 
mink enteritis virus (MEV) and canine distemper virus (CDV) are common mixed infections, and they have similar 
clinical clinical signs, such as diarrhoea. Therefore, a rapid and accurate differential diagnosis method for use on 
mink ranches is essential for the control of these three pathogens. Here, we developed multiplex one-step real-time 
quantitative PCR (RT‒qPCR) assays for the simultaneous detection and quantification of AMDV, MEV and CDV by using 
three primers and probes based on the conserved NS1, VP2 and N genes, respectively.

Results  The results showed that the established method can not cross-react with other mink pathogens, with 
a detection sensitivity of 25 copies/µL and a coefficient of variation less than 3.51%. Moreover, the interference 
experiment showed that the presence of AMDV, MEV and CDV templates at different concentrations would not 
interfere with the detection results. Furthermore, two hundred clinical samples of mink with diarrhoea were 
simultaneously analysed using multiplex RT‒qPCR and single RT‒qPCR, the Kappa values were all greater than 0.921, 
indicating that there was a high degree of coincidence between the two detection methods.

Conclusions  In conclusion, multiplex RT‒qPCR exhibited high specificity, sensitivity, and reproducibility, indicating 
that this method can be used as a reliable and specific tool for the differential detection and quantification of AMDV, 
MEV and CDV.
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Introduction
Aleutian mink disease (AMD), caused by Aleutian mink 
disease virus (AMDV), is reported in many mink-pro-
ducing countries [1]. AMD can significantly increase the 
empty rate of female minks and the mortality of young 
minks, and decrease the mating ability of male minks. 
AMDV belongs to the genus Amdoparvovirus within 
the family Parvoviridae, and its single-stranded DNA 
genome encodes two structural proteins (VP1 and VP2) 
and three nonstructural proteins (NS1, NS2 and NS3) [2, 
3]. Because of the special pathogenic infection mecha-
nism of AMD, there is currently no commercial vaccine 
or treatment for AMDV [4]. Thus, a relatively success-
ful control strategy is to screen infected animals through 
testing and cull them. Serology and qPCR are common 
screening methods for AMDV, and a cheaper serological 
test is often used clinically for mass screening and confir-
mation by qPCR.

Mink viral enteritis, caused by Mink enteritis virus 
(MEV), is an acute and highly infectious disease whose 
symptoms include violent diarrhoea. MEV belongs to 
the genus Parvovirus within the family Parvoviridae. Its 
single-stranded DNA genome encodes two nonstructural 
proteins (NS1 and NS2) and the capsid proteins VP1 
and VP2. The molecular diagnosis of MEV is an impor-
tant measure for disease control [5–7]. Among them, 
nanoparticle-assisted PCR and loop-mediated isother-
mal amplification (LAMP) have been widely used for the 
detection of MEV through amplification of the highly 
conserved NS1 and VP2 genes [8]. Additionally, real-time 
PCR has not been used to detect MEV, but it has been 
used to detect other parvoviruses [9–11].

Canine distemper (CD) is caused by canine distemper 
virus (CDV), which can cause high mortality on mink 
farms with clinical symptoms, including conjunctivitis, 
diarrhoea, encephalitis, and so on [12]. CDV belongs to 
the genus Morbillivirus within the family Paramyxoviri-
dae and is an enveloped negative-strand RNA genome 
that encodes six structural and two nonstructural pro-
teins. There is no specific therapeutic drug for mink CD, 
and the best prevention method is vaccination [8]. How-
ever, immunization failure leads to an increase in the 
incidence of infection in immune mink. Therefore, highly 

sensitive and rapid detection methods are highly impor-
tant for targeted control of the epidemic and spread of 
CD.

The multiplex real-time quantitative PCR (RT‒qPCR) 
method has the characteristics of high specificity, high 
sensitivity, and high throughput and has been widely 
used in the diagnosis of clinical mixed infection diseases, 
the differentiation of different serotypes of bacteria, the 
identification of different virus strains, etc [13–16]. At 
present, there is no relevant literature on multiple RT‒
qPCR methods for simultaneous differential detection 
of AMDV, MEV and CDV. Herein, specific primers and 
fluorescent probes were designed for the specific genes 
of AMDV, MEV and CDV, and multiple RT‒qPCR meth-
ods for the simultaneous identification and detection of 
AMDV, MEV and CDV were established; these methods 
provide specific, efficient, and sensitive technical means 
for the detection and epidemiological investigation of 
three important diseases in mink breeding.

Results
The best reaction sets
The optimal reaction conditions for the different concen-
trations of primers and probes are shown in Fig. 1. The 
primer concentration and probe concentration (CDV 
and AMDV: 0.5 µM and 0.4 µM, MEV: 0.2 µM and 0.4 
µM, respectively) were determined to be the optimal 
RT‒qPCR concentrations according to the low Ct value. 
Therefore, RT‒qPCR was carried out in a 25 µL reaction 
mixture consisting of 12.5 µL of RT‒qPCR 5G Premix 
(TOROIVD, QST-200P), 0.5 µL of primer pair and 0.4 
µL of probe containing the corresponding target frag-
ment, 1.0 µL of the target recombinant plasmid or sample 
nucleic acid, and ddH2O.

Establishment of the standard curve for multiple RT‒qPCR
Tenfold-diluted standard plasmids were prepared from 
2.5 × 107 to 2.5 × 101 copies/µL and mixed with equal vol-
umes to carry out multiple RT‒qPCRs and establish stan-
dard curves following the best reaction sets. The results 
showed that the Ct values and copy numbers of the stan-
dard recombinant plasmids (over the range of 2.5 × 107 
copies/µL ∼ 2.5 × 101 copies/µL) exhibited good linear 

Fig. 1  Optimization results of primer probes. A: CDV, B: AMDV, C: MEV. The primer and probe concentrations from 1 ∼ 9 were as follows: 0.2 µM, 0.2 µM; 
0.5 µM, 0.2 µM; 0.8 µL, 0.2 µM, 0.2 µM, 0.25 µM; 0.5 µM, 0.25 µM; 0.8 µM, 0.25 µM; 0.2 µM, 0.4 µM; 0.5 µM, 0.4 µM; and 0.8 µM, 0.4 µM. 10: Negative control
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relationships with correlation coefficients (R2s) of 0.9980 
and Y = -3.0832X + 39.886 for AMDV; R2s of 0.9987 and 
Y = -3.0742X + 37.426 for MEV; and R2s of 0.9982 and Y 
= -3.2080X + 40.352 for CDV (Fig. 2).

Specificity of the multiple RT‒qPCR method
We tested the specificity of the multiple RT‒qPCR 
assays using three positive standard plasmids. Mean-
while, CCoV and CPIV cDNAs, PRV and CPV DNAs 
were regarded as control. All three assays amplified only 
AMDV, MEV and CDV without cross-reaction with any 
of the other viruses, indicating satisfactory specificity of 
the established multiple RT‒qPCR methods (Fig. 3).

Sensitivity of the multiple RT‒qPCR method
The limit of detection (LOD) of the multiple RT‒qPCR 
assay was determined using equal volume mixtures of 
tenfold-diluted serially diluted standard plasmids of 
AMDV, MEV and CDV. The results showed that the 
LODs of the multiple RT‒qPCR assays were 25 copies/
µL, 25 copies/µL and 25 copies/µL for AMDV, MEV and 
CDV, respectively (Fig. 4). Hence, the multiple RT‒qPCR 
assay was found to be sensitive.

Reproducibility of the multiple RT‒qPCR method
The intrabatch repeatability test and the interbatch 
repeatability test were performed using a mixture of 
three positive standard plasmids at final concentrations 
of 7.5 × 107 copies/µL, 7.5 × 105 copies/µL and 7.5 × 103 
copies/µL by multiple RT‒qPCR. The results showed 
that the reproducibility was excellent, and the intrabatch 

coefficient of variation (CV, 0.1%∼3.37%) and interbatch 
coefficient of variation (CV, 1.3%∼3.51%) were less than 
4% (Table 1).

Anti-interference experiment
The anti-interference assays showed that all amplifica-
tion curves and Ct values could be obtained by using 
any testing random concentration combination of three 
standard plasmids in any single qPCR test for detection 
of AMDV, MEV or CDV, thus indicating that the multi-
ple RT‒qPCRs could not contribute to identify the single 
viral copies (Fig. 5).

Performance of multiple RT‒qPCR methods for clinical 
samples compared with the single highly sensitive detec-
tion methods for AMDV, MEV and CDV.

To evaluate the practical performance of the estab-
lished multiple RT‒qPCR methods, 200 faecal samples 
were analysed, and the results were compared with those 
of single highly sensitive detection methods for AMDV, 
MEV and CDV.

Using multiple RT‒qPCR, the detection rates of single 
pathogens AMDV, MEV and CDV were 9%, 11.5% and 
3%, respectively. Similarly, the detection rates of mixed 
infections of AMDV + CDV, AMDV + MEV, CDV + MEV, 
and CDV + MEV + AMDV were 1.5%, 6%, 3.5% and 2%, 
respectively. When using the single high-sensitivity 
detection method, the detection rates of the single patho-
gens AMDV, MEV and CDV in the sample were 8.5%, 
10% and 3%, respectively. Similarly, the detection rates 
of mixed infections of AMDV + CDV, AMDV + MEV, 

Fig. 2  Establishment of the standard curve for multiple RT‒qPCR. A: CDV, B: AMDV, C: MEV. 1 ∼ 8: The concentrations of the mixed plasmids were 2.5 × 108 
∼ 2.5 × 101 copies/µL. 9: Negative control
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Fig. 4  Sensitivity of multiplex RT‒qPCR. 1 ∼ 8: The concentrations were 2.5 × 108 ∼ 2.5 × 101 copies/µL pCDV-N, respectively. 9 ∼ 16: The concentration 
was 2.5 × 108 ∼ 2.5 × 101 copies/µL of pMEV-VP2. 17 ∼ 24: The concentrations were 2.5 × 108 ∼ 2.5 × 101 copies/µL of pAMDV-NS1; 25 ∼ 27: Negative control

 

Fig. 3  Specificity of the multiple RT‒qPCR method. 1 ∼ 8 were CDV, MEV, AMDV, PRV, CPV, CCoV, and the CPIV standard positive template, and 9 was the 
standard negative control template
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CDV + MEV, and CDV + MEV + AMDV were 1.5%, 5.5%, 
3% and 2%, respectively.

Overall, the DSe values determined via multiple RT‒
qPCR for the single or mixed pathogens tested 100%, 
the DSp values from 97% to 100%, and the kappa values 
varied from 0.921 to 1.00 (Table 2). The results indicated 
that multiple RT‒qPCRs were more effective than single 
highly sensitive detection methods for AMDV, MEV and 
CDV.

Discussion
The infectious diseases AD and CD and Mink viral enter-
itis lead to high morbidity and mortality, causing enor-
mous economic losses in the mink farming industry [4, 
17, 18]. According to the results of clinical sample detec-
tion, an increasing tendency towards mixed infection 
caused by AMDV, MEV and CDV was found, suggesting 

that a detection method capable of detecting and dis-
tinguishing AMDV, MEV and CDV simultaneously is 
a prerequisite for the epidemiological investigation of 
mink infections. The multiplex real-time PCR (qPCR) 
method decreases detection costs, enhances efficiency 
and enhances accuracy, and these advantages give qPCR 
a primary position in disease screening and clinical set-
tings [19–21].

The practical use of TaqMan qPCR has predominated 
for AMDV- and CDV-infected clinical samples. The lim-
its of detection (LODs) of TaqMan qPCR for the AMDV-
NS1 gene and CDV-N gene are 20 copies/µL and 100 
copies/µL, respectively, and both are regarded as ref-
erence methods in this paper [22, 23]. TaqMan qPCR 
targeting the MEV-VP2 gene has not been reported pre-
viously; therefore, the use of the nanoPCR method, which 
has an LOD of 87.5 copies/µL and was described by 

Table 1  Multiplex TaqMan PCR repeatability tests for RT‒PCR
Plasmid (copies/µL)

Concentration
Intra-assay Ct value Interassay Ct value
average value
x̅

standard deviation
SD

Coefficient
CV%

average value
x̅

standard deviation
SD

Coefficient
CV%

pMEV-VP2 2.5 × 107 14.73 0.01 0.10 14.81 0.31 2.00
2.5 × 105 22.53 0.10 0.43 22.81 0.49 2.16
2.5 × 103 29.30 0.29 0.99 29.67 0.70 2.37

pCDV-N 2.5 × 107 15.44 0.47 3.06 15.21 0.39 2.5
2.5 × 105 22.50 0.23 1.03 22.12 0.50 2.3
2.5 × 103 29.20 0.57 1.95 29.04 0.38 1.3

pAMDV-NS1 2.5 × 107 16.04 0.54 3.37 16.09 0.56 3.51
2.5 × 105 23.30 0.69 2.94 23.06 0.60 2.60
2.5 × 103 29.63 0.80 2.70 29.80 0.69 2.31

Fig. 5  Anti-interference experiment. A: The concentrations of pAMDV-NS1, pMEV-VP2, and pCDV-N were 108 copies/µL, 103 copies/µL, and 103 copies/
µL, respectively. B: The concentrations of pAMDV-NS1, pMEV-VP2, and pCDV-N were 103 copies/µL, 108 copies/µL, and 103 copies/µL, respectively. C: 
The concentrations of pAMDV-NS1, pMEV-VP2 and pCDV-N were 108 copies/µL, 108 copies/µL and 103 copies/µL, respectively. D: The concentrations of 
pAMDV-NS1, pMEV-VP2 and pCDV-N were 108 copies/µL, 103 copies/µL and 108 copies/µL, respectively. E: The concentrations of pAMDV-NS1, pMEV-VP2, 
and pCDV-N were 103 copies/µL, 103 copies/µL, and 108 copies/µL, respectively. F: The concentrations of pAMDV-NS1, pMEV-VP2, and pCDV-N were 103 
copies/µL, 108 copies/µL, and 108 copies/µL, respectively
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Wang, is the reference method [24]. However, multiplex 
TaqMan qPCR methods capable of detecting AMDV, 
CDV and MEV simultaneously are rare. Considering the 
description above, we established a one-step multiplex 
TaqMan qPCR with an LOD of 2.5 × 101 copies/µL to 
detect AMDV, CDV and MEV in a single reaction system. 
Lower sensitivity was not achieved, which may be due 
to the reduced sensitivity of the multiplex fluorescence 
quantification method itself. Our results showed that the 
standard curves of AMDV, CDV and MEV had slopes of 
-3.208, -3.082 and − 3.1852, respectively, and R2 values of 
0.9982, 0.9980 and 0.9987, respectively. No cross-reac-
tion signals were observed for other usual pathogens of 
mink, with 100% specificity. In addition, stability is also a 
considerable index for evaluating an emerging detection 
assay. In our research, repeatability was measured with a 
CV of less than 4%, indicating that ideal repeatability was 
achieved. These results suggested that the one-step Taq-
Man qPCR assay could be a potential and reliable plat-
form in clinical mixed infection settings.

To further assess the performance of this multiplex 
TaqMan qPCR method, we collected 200 faecal sam-
ples and analysed the infection status of the samples; 4 
mixed infection samples were detected. Similarly, single-
time qPCR also detected 4 samples infected by AMDV, 
CDV and MEV, which is in perfect agreement with the 
results of single-time TaqMan qPCR. Judging from the 
test results, the detection rate of AMD is more than 50%, 
which is also being verified with clinical practice, indicat-
ing that the actual clinical infection rate of ADMV has 
remained high. Additionally, some “negative” samples 
identified by PCR were “positive” according to estab-
lished one-step TaqMan qPCR, which indicated that 
one-step TaqMan qPCR showed better sensitivity than 
conventional PCR and effectively avoided misdiagnosis, 

especially for mixed infection samples. One potential 
reason underlying this observation is that one-step Taq-
Man qPCR can detect copies of viruses in samples via 
digitized results to detect false-negative negatives.

Moreover, we propose a protocol for point-of-care tests 
on farms that includes qPCR equipment and a kit con-
sisting of collection tubes with lysis buffer, reaction tubes 
with premixed solution, primers and probes for AMDV, 
CDV and MEV, reverse transcription enzymes and sam-
pling swabs. In the protocol, a pipettor and centrifuge are 
not needed, and personnel who are poor in profession-
ally performing the tests are also needed. DNA extrac-
tion was unnecessary, the collected samples were added 
to tubes using swabs, and the results were one-click deri-
vated or printed. The test procedure is as follows: (1) The 
anal swabs were collected and soaked in collecting tubes 
for 3  min at room temperature; (2) A drop of sample 
solution and reaction solution were added to the reaction 
tubes; (3) qPCR was conducted for approximately 1  h 
(Fig. 6B). Compared to the POCT kit for CDV developed 
by Brown, our protocol is more convenient and easier to 
use [3].

Conclusions
In conclusion, we established a one-step multiplex qPCR 
assay to detect and differentiate AMDV, CDV and MEV 
in a single system. The advantages of the newly developed 
one-step multiplex qPCR assay, that is, in terms of ana-
lytical sensitivity and specificity, support the attractive 
applications of this method as a reliable tool for the rapid 
detection of common viruses and diagnosis of this dis-
ease in mink.

Table 2  Comparison of the samples tested by multiple RT‒qPCR and the single highly sensitive detection methods for AMDV, MEV 
and CDV
Assays Pathogen Results The single highly sensitive detection 

method
Performance 
Characteristics(%)

Kappa

P N Total DSe DSp
Multiple RT‒qPCR AMDV P 99 3 102 100 97 0.970

N 0 98 98
MEV P 20 3 23 100 98.3 0.922

N 0 177 177
CDV P 6 0 6 100 100 1

N 0 194 194
AMDV + CDV P 3 0 3 100 100 1

N 0 197 197
AMDV + MEV P 11 1 12 100 99.5 0.954

N 0 188 188
MEV + CDV P 6 1 7 100 99.5 0.921

N 0 193 193
AMDV + CDV + MEV P 4 0 4 100 100 1

N 0 196 196
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Materials and methods
Samples, primers and probes
MEV and CDV were purchased from Jilin Teyan Bio-
technology Co., Ltd. The nucleic acids AMDV, canine 
parvovirus (CPV), pseudorabies virus (PRV), canine 
coronavirus (CCoV) and canine parainfluenza virus 
(CPIV) were preserved by the Preventive Veterinary Lab-
oratory of Qingdao Agricultural University. Two hundred 
suspected samples were collected from mink herds in 
Shandong Province.

The conserved region sequences of the NS1 gene 
in AMDV (KU513985.1), the VP2 gene in MEV 

(KT899745.1) and the N gene in CDV (HM063009.1) 
were retrieved from GenBank. The primers and probes 
used were designed with Primer Explorer V5 to amplify 
fragments of approximately 119 bp, 190 bp and 202 bp, 
and the probe characteristics of AMDV, MEV and CDV 
included the following reporter dyes: HEX, FAM, and 
ROX; and the BHQ1, BHQ1, and BHQ2 quenchers. The 
primers and probes used were synthesized by Shanghai 
Personal Biotechnology Co., Ltd. (China), and the oli-
gonucleotide sequences of the primers and probes are 
shown in Table 3.

Viral DNA/RNA extraction
Total DNA and RNA were extracted from faecal samples 
and from MEV and CDV vaccines using a FastPure® Viral 
DNA/RNA Mini Kit (Vazyme, China) according to the 
manufacturer’s instructions. The extracted DNA/RNA 
samples were used as templates in the RT‒qPCR assays.

Construction of recombinant plasmids
The DNA of AMDV and MEV and the RNA of CDV 
were used as templates. Using primers for AMDV-AF/
AR, MEV-MF/MR, and CDV-CF/CR, the genes of the 
corresponding viruses were amplified via PCR and sub-
sequently cloned and inserted into the pEASY-T1 vector 
(TransGen Biotech, Beijing, China) (Fig.  6A). Sequenc-
ing was carried out by Shanghai Personal Biotechnol-
ogy Co., Ltd., to support correct construction, and the 

Table 3  Primers and probes
Target 
virus

Name Gene Length 
(bp)

Sequence (5′-3′)

MEV QF VP2 190 ​A​A​C​A​C​C​T​A​T​T​G​C​A​G​C​A​G​G​A​C​G
QR ​G​T​T​T​C​T​C​C​T​G​T​T​G​T​G​G​T​A​G​T​T​T​T​T​T
Probe FAM-​A​T​C​C​A​A​G​A​T​A​T​G​C​A​T​T​T​G​G​T​A​G​

A​C​A-BHQ1
CDV QF N 202 ​A​A​A​T​C​A​A​C​G​G​A​C​C​T​A​A​A​T​T​A​A​C​T​G​G

QR ​T​C​A​T​C​T​G​C​C​T​C​A​G​A​A​T​C​C​A​A​A​C
Probe ROX-​A​C​T​C​T​G​T​T​T​G​T​G​G​T​C​T​T​A​C​A​T​

T​T​G​C-BHQ2
AMDV QF NS1 119 ​C​T​T​A​C​A​A​A​T​A​C​C​A​T​C​A​C​A​A​A​C​A​A​

A​C​C
QR ​A​C​C​A​T​C​C​A​T​A​C​C​T​T​C​C​T​C​A​G​T​T​A​T​C
Probe HEX-​G​C​A​G​T​A​G​A​C​A​T​G​C​G​T​G​A​T​T​A​T​

A​C​A​T-BHQ1

Fig. 6  Experimental flowchart. A: A multiplex, one-step RT‒qPCR assay was used to detect CDV, AMDV, and MEV simultaneously. B: A protocol for point-
of-care testing of CDV, AMDV, and MEV
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recombinant plasmids used were named pAMDV-NS1, 
pMEV-VP2 and pCDV-N. The concentrations of the 
recombinant plasmids were measured according to the 
following formula. Then, tenfold-diluted recombinant 
plasmids were prepared from 2.5 × 107 copies/µL to 
2.5 × 101 copies/µL for RT‒qPCR. Standard curves were 
drawn to determine the reliability of the diluted recombi-
nant plasmids.

Optimization of the RT‒qPCR system
The recombinant plasmids were subjected to RT‒qPCR 
to determine the optimal concentrations of the primers 
(0.2 µM, 0.5 µM, and 0.8 µM) and probes (0.2 µM, 0.25 
µM, and 0.4 µM), which were determined via orthogonal 
tests according to Ct values and amplification efficacy. 
The amplification reagent was TOROIVD® 5G qPCR Pre-
mix BB with UNG (TOROIVD, China). Amplification 
was carried out with a QuantStudio 5 (Thermo Fisher 
Scientific, United States) instrument with the following 
reaction conditions: 37 °C for 30 s for initial denaturation, 
40 cycles of denaturation at 95 °C for 120 s and 95 °C for 
10 s, and annealing at 60 °C for 30 s.

Establishment of standard curves
Three recombinant plasmids were tenfold-diluted (10− 1 
∼ 10− 8 copies/µL) for RT–qPCR, in which ddH2O was 
used as a negative control. Standard curves were estab-
lished according to the Ct values and dilutions.

Specificity assay
The specificity for multiple RT‒qPCR assays was evalu-
ated using three mixed recombinant plasmids and other 
DNAs (PRV and CPV) and cDNAs (CCoV and CPIV) as 
negative control. Three independent experiments were 
performed for each sample, and ddH2O served as the 
negative control.

Sensitivity assay
The sensitivity of the multiple RT‒qPCR assays was eval-
uated. The recombinant plasmids of AMDV, MEV and 
CDV were diluted from 2.5 × 108 copies/µL to 2.5 × 101 
copies/µL and mixed with an equal volume. Three inde-
pendent experiments were performed for each sample, 
and ddH2O served as the negative control.

Reproducibility assay
The three recombinant plasmids (pAMDV-NS1, pMEV-
VP2 and pCDV-N) were diluted, and three different con-
centrations were selected for use in reproducibility assays 
(2.5 × 107, 2.5 × 105, and 2.5 × 103 copies/µL). Each con-
centration was tested 3 times, and a one-time qPCR assay 
was conducted to determine the intrabatch repeatability 
by comparing the standard deviation (SD) and the coef-
ficient of variation (CV). Three qPCR assays using three 

diluted standard plasmids were conducted to test inter-
batch repeatability by comparing the SD and the CV.

Anti-interference assay and clinical sample detection
To confirm whether the original concentrations of stan-
dard plasmids can affect the performance of multiple 
RT‒qPCRs, an anti-interference assay was designed. 
Briefly, three standard plasmids at different concentra-
tions (108 and 103 copies/µL) were combined randomly, 
and multiple RT‒qPCR and single RT‒qPCR were con-
ducted for AMDV, MEV and CDV.

The diagnostic performance of multiple RT‒qPCRs was 
assessed by collecting and testing 200 facial samples sus-
pected to suffer from diarrhoea from mink herds in Shan-
dong Province, China. The positive Ct value is between 
15 and 35, between 35 and 40 is suspicious, more than 
40 is negative, suspicious samples need to be tested again, 
if the Ct value is less than 40 is positive, greater than 40 
is negative. Moreover, retesting was performed using the 
highly sensitive detection method for AMDV, MEV and 
CDV, as previously reported [22–24]. The feasibility of 
multiple RT‒qPCR methods was evaluated by measur-
ing the diagnostic specificity (DSp), diagnostic sensitivity 
(DSe) and degree of agreement with the highly sensitive 
detection methods used for AMDV, MEV and CDV.

Statistical analysis
The calculation of DSe and DSp between the two meth-
ods was based on the following formula. DSe = TP/
(TP + FN) and DSp = TN/(TN + FP), where TP means 
true-positive cases, FN means false-negative cases, TN 
means true-negative cases, and FP means false-positive 
cases. Precision was evaluated by obtaining the mean 
time-to-detection values and standard deviations (SDs) 
of each set of replicates at a given concentration and cal-
culating the coefficients of variation (CVs) (SD/mean).
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