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Summary 
 

Canine distemper virus (CDV) is the cause of canine distemper (CD) which is a severe and highly contagious disease in dogs. In 
the present study, a duplex reverse transcription polymerase chain reaction (RT-PCR) method was developed for the detection and 
differentiation of wild-type and vaccine strains of CDV. Four primers were designed to detect and discriminate the two viruses by 
generating 638- and 781-bp cDNA products, respectively. Furthermore, the duplex RT-PCR method was used to detect 67 field 
samples suspected of CD from Guangdong province in China. Results showed that, 33 samples were to be wild-type-like. The duplex 
RT-PCR method exhibited high specificity and sensitivity which could be used to effectively detect and differentiate wild-type and 
vaccine CDV, indicating its use for clinical detection and epidemiological surveillance. 
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Introduction 
 

Canine distemper (CD), a highly contagious and fatal 
disease of dogs caused by the canine distemper virus 
(CDV), is a single-stranded negative RNA virus 
belonging to the Morbillivirus genus within the 
Paramyxoviridae family (Wiezorek and Harder, 1998). 
Canine distemper virus has a very broad host-range, 
including dogs, ferrets, foxes, jackals, coyotes, hyenas, 
tigers, lions, leopards, cheetahs, seals, sea lions and 
dolphins (Appel et al., 1994; van de Bildt et al., 2002). 
The virus infects many cell types such as hematopoietic, 
epithelial, mesenchymal and neuroendocrine cells from 
various organs and tissues. Main clinical manifestations 
include respiratory and gastrointestinal signs, immuno-
suppression, and demyelinating leukoencephalitis 
(Carvalho et al., 2012). 

Canine distemper virus is a highly effective 
prophylactic disease and leads a large number of dogs to 
death every year, causing significant economic losses in 
China. Therefore, accurate vaccination, good sur-
veillance programs and most importantly, reliable 
detection methods to differentiate CDV wild-type and 
vaccine strains are needed to control this disease. In the 
recent years, with the use of methods based on molecular 
biological techniques such as nucleic acid hybridization 
and PCR, accurate, specific and sensitive diagnoses of 
CDV infection have been made (Gaedke et al., 1997; 

Yoshida et al., 1998; Hoyland et al., 2003). Real-time 
RT-PCR targeting the hypervariable C-terminal domain 
of the established nucleocapsid (N) gene, was shown to 
be more sensitive and effective (Grant et al., 2009). In 
addition, RT-PCR-RFLP could be used to detect the 
hemagglutinin (H) gene of CDV (Calderon et al., 2007). 
Di Francesco et al., (2012) also applied a new highly 
sensitive and specific hemi-nested RT-PCR-RFLP assay 
to detect the nucleoprotein (NP) gene of CDV. 

Harder et al. (1996) reported marked differences 
between wild-type and vaccine strains of CDV, thus 
raising the question of whether CDV vaccine strains are 
able to provide protection from the current strains of 
CDV or not. Furthermore, since the attenuated CDV 
vaccine is used widely in China, it is both difficult and 
necessary to discriminate wild-type from vaccine strains. 
Thus, a method of specifically detecting wild-type CDV 
strains is necessary. A previous study found that a 
multiplex reverse transcription-nested polymerase chain 
reaction (RT-nPCR) method could be used to effectively 
detect and differentiate wild-type CDV-infected dogs 
from those vaccinated with CDV vaccine (Si et al., 
2010). An RT-PCR-RFLP method was established based 
on the CDV N gene, which effectively differentiated the 
vaccine and field strains of CDV (Wang et al., 2011; 
Fischer et al., 2013). A hemi-nested RT-PCR-RFLP assay 
was applied to differentiate among vaccine and wild-type 
CDV strains and to characterize the field viral strains (Di 
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Francesco et al., 2012). In this study, a duplex RT-PCR 
method was established to effectively differentiate the 
vaccine and wild-type strains of CDV. Being sensitive 
and specific, this method not only meets the need for 
veterinary technology, but also sets a theoretical 
foundation for the early differential diagnosis of clinical 
samples. 
 
Materials and Methods 
 
Viruses and cells 

Canine distemper virus vaccine and wild-type strains, 
canine parvovirus (CPV), rabies virus (RV), Escherichia 
coli and Pasteurella multocida were preserved in our 
laboratory (Laboratory of Microbiology and Immuno-
logy, College of Veterinary Medicine, South China 
Agricultural University). Canine parainfluenza virus 
(CPIV) and canine influenza virus (CIV) were provided 
by the Laboratory of Clinical Surgery in Veterinary 
Medicine (College of Veterinary Medicine, South China 
Agricultural University). Vero E6 cells preserved in our 
laboratory were used in this study. 
 
Optimization of duplex RT-PCR 

To optimize reaction conditions, preliminary assays 
were performed to test different concentrations of each 
primer set, TaqDNA polymerase, dNTPs and Mg2+ to 
establish the optimal reaction protocol for the duplex RT-
PCR assay. Furthermore, the appropriate annealing 
temperature was selected to yield the best results for the 
target CDV. 
 
Primer design 

With the help of DNAStar 5.07, DNAMAN 6.0.3.99 
and premier 5.0 softwares, four primers were designed 
based on the genomic sequences of CDV strains 
published in GenBank. Primers P1 (5´-AGG AGC AAT 
AAG AGG GAT AAA GC-3´) and P2 (5´-CCC GAG 
AGC CGG ATA CAT AGT-3´) were used as common 
primers, designed based on N gene conserved fragments 
in virulent and attenuated viruses. Primers P3 (5´-GGG 
CAA CAC CTA TGG ATC GAG-3´) and P4 (5´-ATA 
AAC AAT TGC ATG ATC GCC C-3´) were used as the 
primers specific for wild-type strains. 
 
Duplex RT-PCR 

Viral RNA samples of CDV were isolated from all 
specimens using a commercial kit (Invitrogen, Carlsbad, 
CA, USA), according to the manufacturer’s instructions. 
Using a ReverTra Ace kit (TOYOBO Bio-Technology 
Co., Ltd., Shanghai), cDNA synthesis was conducted. 
Briefly, a 20 μL reaction system containing 4.0 µL 5 × 
Ace Buffer, 2.0 µL dNTPs (10 mM), 0.5 µL RNase 
inhibitor, 1.0 µL Ace, 2.0 μL random primers and 10.5 
µL RNA samples was bathed in water at 42°C for 1 h 
and stored at -20°C for further study. The PCR 
amplification cycle was optimized as follows: 94°C 45 s, 
55°C 45 s and 72°C 45 s for 30 cycles with a final 
extension step at 72°C for 10 min. A total of 5 µL of the 
amplified products was visualized using gel electro-

phoresis in a 2.0% agarose gel, stained with ethidium 
bromide. Bands were visualized by ultraviolet light 
transillumination and compared with a 100 bp Ladder 
(TakaRa, Osaka, Japan). 
 
Specificity, sensitivity, and repeatability tests 

Duplex RT-PCR was used to detect Vero E6 cells 
infected with CDV wild-type strain, CDV vaccine strain, 
mixed CDV wild-type and vaccine strains, CPV, CPIV, 
CIV, RV, E. coli, P. multocida and uninfected cells in 
order to test its specificity. Extracted RNA was serially 
diluted (101, 100, 10-1, 10-2, 10-3, 10-4, and 10-5) and 
assayed by duplex RT-PCR to determine its sensitivity. 
To validate the repeatability of the test, duplex RT-PCR 
was also performed three times to identify cells infected 
with CDV wild-type strain, CDV vaccine strain, mixed 
CDV wild-type and vaccine strains, and uninfected cells. 
 
Application of duplex RT-PCR 

A total of 67 samples were taken from dogs clinically 
suspected of having CDV infection. All samples 
including 5 serum samples, 7 tissue samples and 55 swab 
samples were obtained from dogs of the Guangdong 
province in China and assayed by duplex RT-PCR. All 
positive field samples of the wild-type strain were 
confirmed by this method. 
 
Results 
 
Determination of the application conditions of 
the duplex RT-PCR 

Designed primers (P1 and P2) specific to CDV 
corresponding to the highly conserved region of the 
CDV genome were used as a common primer pair and 
primers (P3 and P4) specific to the CDV wild-type strain 
were used in PCR. According to the results, when the 
anneal temperature was 55°C, and the concentrations of 
5 pmol primers, 1.5 U TaqDNA polymerase, 0.20 mM 
dNTPs and 3.0 mM Mg2+ were set, the most distinct 
band appeared. These results were thus chosen for the 
duplex RT-PCR. Using the best selected incubation 
profile conditions for amplification tests, the results in 
Fig. 1, show that a fragment of 638 bp, together with a 
fragment of 781 bp, were amplified from the wild-type 
strain genomic RNA, a fragment of 781 bp from the 
vaccine strain genomic RNA in the RT-PCR, and two 
fragments of 781 bp and 638 bp from the wild-type strain 
or mixed samples of vaccine and wild-type strains. 
 
Sensitivity of the duplex RT-PCR 

To evaluate the sensitivity of this method, serial 10-
fold dilutions of the CDV wild-type strain were 
subjected to amplification by three separated duplex RT-
PCRs. As Fig. 2 shows, the lowest limit of detection with 
this method was shown to be 8 pg/ml. 
 
Specificity of the multiplex RT-PCR 

To test whether the amplified PCR fragment 
corresponded to the expected virus, the PCR product was 
run on a gel and the band was visualized. The data 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2015, Vol. 16, No. 2, Ser. No. 51, Pages 172-175 

174 

confirmed that a fragment of 781 bp was amplified from 
the CDV vaccine strain, and two bands of 638 and 781 
bp were detected simultaneously from the CDV wild-
type strain. No amplification was achieved for uninfected 
cells, or cells infected with CPV, RV, CAV, CPIV and 
CIV, E. coli and P. multocida by duplex RT-PCR. This 
indicates that the assay was completely specific for CDV 
(Fig. 3). 
 

 
 

Fig. 1: Amplification of genomes of canine viruses by duplex 
reverse transcription PCR. Lane M: DL2000 DNA marker. 
Lane 1: Wild-type and vaccine canine distemper viruses, Lane 
2: Wild-type canine distemper virus, Lane 3: Vaccine canine 
distemper virus, and Lane 4: Negative control 
 

 
 

Fig. 2: Sensitivity of duplex reverse transcription PCR. Lane 
M: DL2000 DNA marker. Lane 1: 80 ng, Lane 2: 8 ng, Lane 3: 
0.8 ng, Lane 4: 8 × 10-2 ng, Lane 5: 8 × 10-3 ng, Lane 6: 8 × 10-

4 ng, Lane 7: 8 × 10-5 ng, Lane 8: Positive control, and Lane 9: 
Negative control 
 
Repeatability and applicability of the duplex RT-
PCR 

Three inter- and intra-assay replicates of the duplex 
RT-PCR in eight independent experiments gave con-
sistent results, indicating the repeatability of the assay. 

The applicability of the duplex RT-PCR was also 
investigated. From the 67 field samples, 33 were tested 
positive for CDV, all showing the presence of wild-type 
strains. 
 

 
 

Fig. 3: Specificity of duplex reverse transcription PCR. Lane 
M: DL2000 DNA marker. Lane 1: Wild-type canine distemper 
viruses, Lane 2: Vaccine canine distemper virus, Lane 3: 
Canine adenovirus (CAV), Lane 4: Canine parvovirus (CPV), 
Lane 5: Canine parainfluenza virus (CPIV), Lane 6: Canine 
influenza virus (CIV), Lane 7: Rabies virus (RV), Lane 8: 
Escherichia coli, Lane 9: Pasteurella multocida, and Lane 10: 
Negative control 
 
Discussion 
 

Canine distemper, caused by CDV, is a disease of 
dogs that should be included in the list of differentials for 
clinical diagnosis of any multi-systemic condition 
characterized by fever, respiratory, enteric, and 
neurological signs (Martella et al., 2008). Laboratory 
tests are essential to confirm CDV infection, and 
molecular assays are useful for monitoring and 
differentiating CDV wild-type from vaccine strains. 
Molecular detection by RT-PCR is an ideal detection 
method of the viruses in hosts, since it is rapid, specific, 
sensitive, repeatable, and amenable to automation. RT-
PCR has been used for the efficient detection of CDV 
(Shin et al., 1995; Elia et al., 2006; Calderon et al., 2007; 
Yi et al., 2012a). In the present study, we reported on the 
development of a duplex RT-PCR suitable for the rapid 
and sensitive discrimination of wild-type from vaccine 
strains of CDV. 

With the RT-PCR, optimal primers are critically 
important to obtain distinct and specific amplifications of 
virus genome parts. The selection of suboptimal primers 
often causes undesirable results such as hairpin 
formation, primer dimer formation, false-negative or 
false-positive results and the generation of spurious 
products (Yi et al., 2012b). In this study, primer 
sequences with similar lengths, hybridization kinetics, 
and G-C contents were selected. Additionally, some 
important parameters were optimized. For example, 5 
pmol was chosen as the best primer concentration to 
obtain uniform amplification signals of the fragments, 
and 55°C was selected for an optimal annealing 
temperature to obtain a desired specific product. 
Furthermore, other factors such as 1.5 U TaqDNA 
polymerase, 0.20 mM dNTPs and 3.0 mM Mg2+ were set 
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to avoid affecting the quality of the duplex RT-PCR 
assays. A distinct band appeared using these optical 
conditions for amplification tests. 

Sensitivity of the duplex RT-PCR assay was suitable, 
allowing for the CDV detection at 8 pg/ml. Specificity 
confirmed that the assay was completely specific for 
CDV but not for CPV, RV, CAV, CPIV and CIV, E. coli 
and P. multocida. Repeatability and applicability of the 
assay was also investigated and it was found that this 
method was repeatable and offered the potential for very 
rapid detection with a single clinical sample against a 
large number of potential pathogens. 

In conclusion, the duplex RT-PCR developed in this 
study is a highly specific and sensitive assay for the rapid 
detection and differentiation of wild-type and vaccine 
strains of CDV. Therefore, this assay has the potential to 
be used in clinical diagnoses and epidemiological 
surveillance. 
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