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Abstract Ocular swabs from canine distemper virus
(CDV) suspected live or brain tissue from dead dogs
were tested for the presence of CDV nucleoprotein (N)
gene using reverse transcriptase polymerase chain reac-
tion (RT-PCR). Partial “N” gene sequencing of the RT-
PCR-positive samples and the local vaccine virus
revealed that the Ind/Andaman 01/07 virus was highly
divergent from the rest of the CDV isolates and from the
vaccine strain. Quantitative real-time PCR (qRT-PCR)
using SYBR Green I chemistry for CDV haemagglutinin
“H” gene quantification showed C; values ranging from
29.76-30.67 in the RT-PCR-positive samples. Two of the
positive samples, designated Ind/TN 01/07 and Ind/Andaman
01/07 were used for virus isolation in B95a cell line.
Characteristic cytopathic changes such as rounding of
cells, syncytia formation, and ballooning were seen from
the first passage onwards. Specific cytoplasmic fluores-
cence was seen in infected cells with a commercial
reference serum against CDV. To the best of our
knowledge, this is the first report of CDV isolation from
clinical cases in India.
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Abbreviations
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gRT-PCR  Quantitative real-time PCR

FAT Fluorescent antibody test

N Nucleoprotein

H Haemagglutinin

Introduction

Canine distemper virus (CDV), a Morbillivirus of the
family Paramyxoviridae causes a highly systemic infection
with prominent respiratory, gastrointestinal, and nervous
signs in dogs (Patel and Heldensb 2009). The disease is
characterized by a rapid onset of severe leucopenia and loss
of lymphocyte proliferation ability. The resulting immuno-
suppression increases the host’s susceptibility to opportunistic
infections, which are a main cause of distemper-associated
deaths. This disease is widely prevalent in the tropical
countries such as India.

The genome of CDV consists of single-stranded negative-
sense RNA of more than 15,000 nucleotides, tightly encap-
sidated by the nucleocapsid protein (N). In addition, mature
ribonucleoprotein complexes also contain copies of the
phosphoprotein and large protein. The host cell-derived lipid
envelope is spiked with transmembrane haemagglutinin (H)
and fusion glycoproteins and, internally, the envelope is
stabilized by the matrix protein (von Messling et al. 2003).

The disease has been controlled by the use of attenuated
live virus vaccines. However, several CDV-vaccinated dogs
also come down with CDV worldwide (Blixenkrone-Meller
et al. 1992). These findings suggested that there are genomic/
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virulence differences between the wild-type CDV and vaccine
strains (Harder and Osterhaus 1997). Analysis of viral genes
provides insights into the understanding of the variations of
CDV. The N protein gene constitutes an important structure
of CDV comprising the conserved region, middle part, and
variable region, N- and C-terminal parts. Some degree of
variation of the N gene among CDV isolates had been
demonstrated (Keawcharoen et al. 2005).

Sequence analysis of CDV strains from different geo-
graphic locations and from different animal species has
revealed that the H gene undergoes genetic drift (Martella et
al. 2007). Based on phylogenetic analysis of H gene
sequences, most CDV field strains cluster into seven major
genetic lineages, namely, America-1 (most vaccine strains),
America-2, Asia-1, Asia-2, Europe, Artic-like, and European
wildlife (Kapil et al. 2008; McCarthy et al. 2007).

Some CDV strains such as Onderstepoort vaccine strain
are adapted to cell culture while CDV from clinical samples
has been successfully isolated in MDCK or B95 cells
derived from marmoset B lymphoblastoid cells or in Vero
cells stably expressing canine signaling lymphocyte activation
molecule (SLAM) (Seki et al. 2003).

In India, CDV infections are quite common and serological
surveys using dot ELISA have been done (Parthiban et al.
2000; Ramadass and Latha, 2001). Latha et al. (2007)
screened 160 conjunctival samples collected from dogs with
clinical symptoms suggestive of canine distemper using dot
enzyme-linked immunosorbant assay (ELISA) and 112 (70%)
were positive. However, no virus isolation has been done from
India. This study aimed at isolation and characterization of
CDV in B95 cells from reverse transcription polymerase chain
reaction (RT-PCR)-positive swab/tissue samples collected
from CDV-infected dogs. To the best of our knowledge,
CDV has not been isolated and characterized from India.

Materials and methods

Samples

Ocular swab samples collected from suspected dogs
admitted to the Madras Veterinary College Teaching

hospital and one brain tissue sample sent to us from the
Andaman and Nicobar Islands were tested in RT-PCR for
CDV N gene.

B95a cell line

Epstein—Barr virus transformed B cell line (B95a) procured
from Indian Veterinary Research Institute, Mukteshwar,
Uttaranchal and maintained in our laboratory was used for
isolation of CDV.

RT-PCR for CDV “N” gene

Total RNA was extracted using TriZol (Invitrogen, USA)
from the suspected swabs, commercial vaccine and one
brain tissue sample following manufacturer’s instructions.
cDNA was synthesized from 2 pg of total RNA using the
High capacity cDNA archive kit (Applied Biosystems Inc,
USA) with oligo-dT primers according to the manufac-
turer’s instructions. The primers used for the amplification
of CDV N gene both the first round and nested PCR have
been described by Youn et al. (2001) resulting in 549 and
419 bp products, respectively. PCR was performed using
outer or nested primers with the RedDye mix (Bangalore
Genei, Bangalore, India) in 25 pl reaction volumes. PCR
and nested PCR conditions were as follows, one cycle of
95°C for 2 min followed by 30 cycles of 30 s at 95°C, 58°C
for 1 min and 72°C for 2 min followed by one cycle at
70°C for 10 min using a Gradient Master Cycler
(Eppendorf, Germany). The amplified products were
analyzed by 2% agarose (Sigma, Poole, UK) gel electro-
phoresis in 1x TAE buffer at 50 mA for 1 h and products
visualized by staining with ethidium bromide (BioRad,
USA) using 100 bp ladder as a DNA size marker.

CDV “N” gene sequencing and analysis

The CDV “N” gene-positive RT-PCR products were
purified using the Gel extraction kit (Qiagen, USA)
following the manufacturer’s conditions and subjected to
sequencing in a Genetic Analyzer (ABI Biosystems, USA).
The nucleotide sequences of “N” gene were compared with

Table 1 Primers used for the amplification of a portion of CDV “H” gene or endogenous control gene (beta actin) used to assess CDV replication

in qRT-PCR using SYBR green chemistry

Primer name Sequence (5'—3")

Nucleotide position®

CDV “H” FP GCAAGAGCCAATTCAACCAAG 7124-7144
CDV “H” RP CTCCAGTGATAGCAAGCAAGG 7250-7280
[3-actin FP GGCTGTGCTGTCCCTGTAC 588-606
[3-actin RP CCGGAGTCCATCACGATGC 626-644

 Accession no. of CDV “H”, EU 143737.1 and P-actin, NM_001195845.1
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Fig.1 RT-PCR amplification of 1 2 3
RNA extracted from ocular
swabs of CDV-infected dog us-
ing outer and nested primers for
CDV N gene. The electrophore-
sis was performed on agarose
(2%) gel. Lane 1, 100 bp ladder;
lane 2, CDV “N” gene with
outer primers—>549 bp product;
lane 3, CDV “N” gene with
nested primers—419 bp product

549 bp
419 bp

the other CDV “N” gene sequences available in the
GenBank using the MegAlign program of DNAStar
software. A phylogenetic tree was also constructed with
these sequences.

Quantitative real-time PCR for CDV H mRNA
using SYBR Green I chemistry

RNA was extracted and cDNA synthesized from CDV
suspected swabs and brain samples as described earlier. The
sequence of primers for the CDV H gene and the
endogenous control actin gene are described in Table 1.
The PCR mix for SYBR Green I assay was prepared using
10 pl of the SYBR Green I PCR master mix (Applied
Biosystems Inc, USA), 1 ul (1 pmol) of CDV H/actin,
sense primers, 1 pul (1 pmol) of CDV H/actin anti-sense
primers and 100 ng cDNA adjusted in DEPC water in 8 pl
to give a total reaction volume of 20 pl. The real-time PCR
(Applied Biosystems Inc., USA, Model 7500) was run
under the universal cycling condition consisting of one
cycle at 50°C for 2 min, one cycle at 95°C for 10 min and
40 cycles at 95°C for 15 s and 60°C for 1 min. The C;
values were recorded for both the target and endogenous

Fig. 2 Phylogenetic tree of
partial CDV “N” gene
nucleotide sequences of Indian
CDV isolates with respect to
other available CDV sequences
in GenBank. Alignment was
done using MegAlign software
of DNAStar program. The
lengths of horizontal lines are
proportional to the minimum
number of nucleotide differences
required to join nodes

controls. The data were accepted only when the NTC had
no amplification indicated by C; values above 40. In
addition to C; values, the melting curve was also recorded
to assess the specificity of amplification. All the C; values
are mean of triplicate samples tested. The AC; values
indicate the difference in the C; values between the target
gene and the endogenous gene. The AAC; value indicates
the difference between the AC; of sample and the AC; of
calibrator. The fold change in the gene expression is
calculated as 27 22C,

Virus isolation and identification using fluorescent antibody
test

One RT-PCR-positive ocular swab sample and one positive
brain tissue sample was infected into B95a cells and serially
passaged five times using conventional methods. At each
passage, cytopathic effects (CPE) produced by the virus
were recorded. Using a commercially available anti-CDV
FITC direct conjugate (VMRD, USA) virus replication was
assessed in these cells using fluorescent antibody test
(FAT). The presence of CDV in the passaged samples was
also assessed by RT-PCR.

Results

The suspected dogs from which the samples were collected
had conjunctival discharge, rise in temperature, anorexia,
diarrhea and nasal discharge.

Two samples of ocular swabs from CDV suspected dogs
(n=13; Ind/TN 01/07 and Ind/TN 02/07) and one brain
sample (Ind/Andaman 01/07) were positive in CDV “N”
gene RT-PCR and nested PCR (Fig. 1). The nucleotide

AY390348 China
DQ435615 Taiwan
DQ887066 China
AY649446 USA

AF164967 Switzwerland
CDV-Vaccine

EF193648 Brazil
DQ005132 Brazil
DQ005134 Brazil

DQO005133 Brazil

DQ887333 Mexico
AY542312 USA

AF166273 Germany
4|__EF418783 China

EF375619 China
AY738625 Brazil

AF378705 Onderstepoort Vac

— AY684629 Germany

4| CDV_Ind_TN02_07

CDV_Ind_TNO1_07
CDV-Ind_Andaman01_07

6 4 2
Nucleotide Substitutions (x100)
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Table 2 Cycle threshold (Cy) values of CDV “H” and beta actin genes in qRT-PCR

Isolate Mean+SD C; for ~ Mean=SD C, for beta actin  Delta C, AAC, 27 A4 (fold change)
CDV “H” (target)  (endogenous control) (C of target—C, of control)

CDV vaccine 29.76+0.044 20.68+0.088 9.99 0.112 0.924

Ind/And1/07 (brain tissue)  29.76+0.095 20.77+0.167 8.99 —1.435 2.704

Ind/TNO1/07 (ocular swab)  29.91+0.156 20.74+0.035 9.17 -2.266 4.811

Ind/TN02/07 (ocular swab)  30.09+0.098 20.25+0.156 9.84 0 1

Using the Ind/TN02/07 C, value as calibrator, the fold change in CDV H gene expression in other isolates and vaccine has been calculated

AC; of sample—AC; of calibrator

sequences of the three Indian CDV isolates had a percent
homology up to 89% to 98% with other CDV isolated from
other countries. A phylogenetic tree drawn with the aligned
sequences revealed a distinct clade for two Indian viruses
while the Ind/And/01/07 was found to be more divergent
from other CDV (Fig. 2). The commercial vaccine grouped
with other CDV from USA, Taiwan, Switzerland and China
and was different from the Onderstepoort vaccine strain.

Table 2 indicates the C; values of target (CDV H) and
endogenous control (beta actin) genes. The C; of CDV “H”

Fig. 3 a Normal (uninfected) B95a cells in culture (x100). b B95a
cells infected with CDV isolate Ind/And/01/07 showing syncytia
formation at 48 h post-infection (x100)
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mRNA in one of the ocular swab samples were at least
twofold higher than seen in the brain sample tested from a
dead dog. The vaccine sample also had similar amounts of
CDV H mRNA as that seen in an infected sample.

Two of the RT-PCR-positive samples, Ind/TN 01/07 and
Ind/Andaman 01/07 were passaged in B95a cells. The CPE

Fig. 4 a Fluorescent antibody test performed on CDV-infected B95a
cells at 48 h post-infection (x100). Note a typical apple green
fluorescence indicating positive reaction in few infected cells. b
Fluorescent antibody assay performed on CDV-infected B95a cells at
72 h post-infection (x100). Note a typical apple green fluorescence
indicating positive reaction in several infected cells
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was noticed from the first passage itself and consisted of
rounding of cells, clumping, ballooning, and large syncytia
formation by 48 h post-infection (Fig. 3a, b). Using anti-
CDV FITC conjugate, the identity of the isolated virus was
established. Specific granular fluorescence was observed in
the cytoplasm of infected cells (Fig. 4a, b). The cell culture
passaged virus also gave positive amplification in RT-PCR
for the CDV N gene in both outer and nested PCRs.

Discussion

We have successfully isolated and identified CDV from
clinical cases in India for the first time. Vero cells
expressing canine SLAM is useful for isolation and
passaging CDV without alteration of the viral genes (Lan
et al. 2006). B95a cells have been recommended for
primary isolation of CDV as it intrinsically expresses
mammalian SLAM that has been shown to be a receptor
for CDV. Amino acid residues at the SLAM interface
appear to be important determinant the host—virus specificity
of morbilliviruses (Ohishi et al. 2010). Hence, the CDV
could show CPE even from the first passage itself and the
typical morbilli virus changes could be observed. The
isolated virus could be identified using the conventional
FAT, which is the standard test used for assay of CDV
antibodies also. B95a cells infected with this isolated Indian
CDV could be used as a substrate for performance of FAT
to assess CDV-specific antibodies in dog sera. The isolated
virus can also be used in serum neutralization assays for
CDV antibody quantification.

Ocular swabs would be ideal samples for RT-PCR-based
confirmation of CDV genome since it was found that they
have similar amounts of CDV “H” mRNA as that seen in
the brain of a dead dog. Elia et al. (2006) also found that in
addition to lymphoid tissues, conjunctival swab and urine
were ideal clinical samples for detection of CDV by
quantitative real-time PCR (qQRT-PCR). The frontal lobe of
the brain was also rich in virus.

Molecular epidemiology studies are largely based on the
H protein gene that mediates receptor binding and is much
more variable than other CDV proteins (Iwatsuki et al.
2000). However the primary aim of this study was to isolate
CDV from India and to identify it. This was achieved using
FAT and N gene based nested PCR of the original clinical
sample. N gene PCR has been used largely for diagnosis of
CDV also. Future studies should involve genotyping of
CDV by sequencing the “H” genes of CDV from clinical
cases. This study revealed variations in the N gene of CDV
isolates that may have implications in the design of primers
for detection of CDV genome targeting the N gene. The
role of the variations in virus replication or host specificity
needs further study.

gRT-PCR has been used carlier for quantifying CDV
gene expression (Scagliarini et al. 2007; Elia et al. 2006). In
this study, the qRT-PCR was used to quantify the H gene
expression in the swabs and brain sample using the SYBR
green chemistry. This could also be useful for diagnosis
although it would be more expensive. The higher costs
would be offset by the ease of performance, specificity of
detection by melting curve analysis and no post-PCR
processing requirement thereby reducing any potential
laboratory based contamination. Thus, qRT-PCR could
replace the conventional RT-PCR for clinical diagnosis of
CDV in due course.
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