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The canine distemper virus (CDV), which infects dogs and a broad range of
animal species, remains a serious concern in Tiirkiye and across the world. The
current study shows that CDV can be detected and isolated rapidly and
specifically in naturally infected dogs. Whole blood, nasal swab, ocular swab,
rectal swab, and urine samples from 50 stray dogs were used in the study (n =
250). The presence of the CDV genome was confirmed in 105 (42%) samples
using one-Step real-time RT-PCR. In total, 39 dogs were diagnosed with CDV
infection based on the detection of cytopathic effects in MDCK, which was
verified by the fluorescent antibody technique. A total of 12 one-Step real-
time RT-PCR negative samples, consisting of 4 rectal swabs and 8 urine
samples, were found to be positive by virus isolation. Blood, nasal swab, ocular
swab (P<0.01, r = 1), rectal swab (P<0.01, r =0.844), and urine samples (P<0.01,
r = 0.697) all showed positive correlations in the tests for viral genome
detection and virus isolation. CPE levels of high 37 (31.62%), medium 26
(22.23%) and low 54 (46.15%) were detected in a total of 117 (46.8%) samples
with viral growth in cell culture. The highest CPE levels detected by FAT were
for rectal swab and urine samples. In conclusion, the one-step real-time RT-
PCR method on rectal swab samples proved to be a very sensitive method for
the rapid and reliable CDV detection. Besides, non-modified MDCK can be
used to isolate CDV from naturally infected dogs.

Introduction

help reduce the incidence of disease in domestic dogs (12,
24, 30).

The canine distemper virus (CDV) causes an extremely
contagious and fatal infection in domestic dogs and some
other carnivores (3, 4, 33, 37). CDV belongs to the
Morbillivirus genus of the Paramyxoviridae family of
viruses. Morbilliviruses are negative-sense single-
stranded RNA viruses with genomes approximately 16 kb
in size. Although they are known to infect a large variety
of susceptible wild species, the main reservoir for CDV
has largely been dogs (21, 39). The virus is a continuous
threat to dogs, especially young dogs with inadequate
immunity (7, 11, 20, 49). Some studies have shown that
unvaccinated and stray carnivorous species can contract a
CDV infection and threaten the vaccinated population of
dogs (8, 11, 15). The prevalence of CDV is higher in urban
and rural areas where there is no practice in place for
regular vaccinations and where a higher number of stray
dogs exist (13, 18, 42). Regular vaccination has proven to

CDV infections can cause multi-systemic symptoms,
involving the respiratory, gastrointestinal, and central
nervous systems (6, 32). The most common clinical
symptoms are fever, cough, oculo-nasal discharge,
diarrhea, lymphopenia, skin hyperplasia, and tremors (27,
43). The disease is primarily transmitted through aerosols
or respiratory droplets since the infectious viral particles
are abundant in the respiratory tract of infected dogs (1,
21). Since there may also be viral scattering with
secretions of clinical and subclinical sick animals, contact
transmission becomes another important transmission
route.

The high mortality rates of CDV infections make it
necessary to speed up the diagnostic procedure so that the
infected dogs can be effectively quarantined and treated
promptly. Hence there is a need for a sensitive and rapid



method to detect even small amounts of virus present in
the early infection stages (17). Serological methods are
useful in cases of CDV infection only when the results are
evaluated together with clinical symptoms (42). However,
it is difficult to follow the clinical symptoms in stray dogs.
Moreover, subclinical cases often complicate the
situation. A definitive diagnosis of CDV infection by virus
isolation is fastidious as well as time-consuming.
Therefore, researchers have developed modified cell
cultures that are highly sensitive for characteristic CPEs of
CDV when applied to clinical samples (44).
Unfortunately, it is difficult to access such modified cells
for routine diagnostic procedures. This study aimed to
explore a rapid diagnostic method involving molecular
and cell culture techniques to detect CDV in clinical
samples of naturally infected dogs. Such an efficient and
cost-effective method can make the control of CDV
infection much easier. Our results also showed that CDV
field strains could be replicated in non-modified MDCK
without adaptation.

http://vetjournal.ankara.edu.tr/en/

Materials and Methods

Samples: The samples for this study were collected from
unvaccinated stray dogs under 1 year of age with clinical
symptoms compatible with CDV from the Western
Mediterranean Region of Tiirkiye during 2016-17. A total
of 250 samples were obtained from 50 dogs and stored at
—80°C (Haier, China). These included whole blood (BS),
nasal swab (NaS), ocular swab (OcS), rectal swab (ReS),
and urine (UrS) samples (50 each). The swab samples
were processed by homogenization (10% wi/v) in
phosphate-buffered saline (PBS) supplemented with 1%
antibiotic-antimycotic agents. The homogenates and urine
samples were centrifuged at 2000xg for 10 min at 4°C.
Then 250 pL of the supernatants were collected for
molecular testing. The remaining parts were stored at —
80°C for virus isolation. All samples were quickly thawed
in a 37°C water bath and passed through Millipore filters
(Sartorius, Germany) of 0.22 pum pore size before
inoculation. Blood samples were collected into EDTA-
treated tubes and centrifuged at 4°C and 1500xg for 10
min until a buffy coat got separated. This buffy coat was
diluted with 1 mL PBS after washing. The samples were
divided into 4 groups according to the age of dogs as
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follows: 0-3, 4-6, 7-9, and 10-12 months of age. This
study was approved by the Animal Ethics Committee
(AEC) Burdur Mehmet Akif Ersoy University, Tirkiye
(No: 28-174-2016). The following assays were applied for
all samples.

Molecular Detection: Viral RNA was extracted from 250
uL of supernatant, using a commercial kit (RiboEx™,
GeneAll®, Korea) according to the manufacturer’s
instructions. One-step real-time RT-PCR assay was
performed on a StepOne™ (48-well) instrument (Applied
Biosystems™, USA), using TagMan probes and the one-
step real-time RT-PCR kit (GeneAll® 2xHyperScript™,
Korea). Primer sets and probes targeting the N protein-
encoding gene and cycling conditions used were the same
as those previously described by Elia et al. (17), with only
slight modifications (Table 1). The reactions were
performed according to the manufacturer’s instructions.
Positive and negative control reactions were included for
each reaction. Nuclease-free water and CDV RNA (strain
Onderstepoort) were used as the negative and positive
control, respectively. The protocol for the RT step
involved incubation for 5 min at 58°C and 50°C. The
cycling conditions included a pre-denaturation for 30 s at
95 °C, followed by 50 cycles each of 95°C for 5 s, 60°C
for 30 s, and 72°C for 1 s. After the final cycle, the tubes
were incubated for an additional 30 s at 40°C.

Cell culture and virus isolation: For the virus isolation,
400 pl of supernatants were transferred to 24-well plates
with a confluent monolayer of MDCK cells. A well
containing only cells but no virus or serum was used as the
control for each 24-well plate. The plates were then
incubated at 37°C for 1 h. After the adsorption step, 2 mL
of Dulbecco’s modified Eagle medium (DMEM) and high
glucose (4.5 g/L) supplemented with L-Glutamine
(Capricorn, Germany) were added along with antibiotics
(10%) and antimycotics (7%). The plates were then
incubated at 37°C and 5% CO2 for six days. After two
serial passages, the plates were examined using a cell
culture microscope (Life Technologies™ Floid®Cell
Imaging Station, USA) for the presence of cytopathic
effects (CPE). All supernatants gathered from the last
passage were used for the Fluorescent Antibody Test
(FAT).

Table 1. Primer pairs and probe set for the amplification of CDV N gene.

Primer/Prob*  Position Sequence (5°-3°) Size (bp)
CDV-F 905-931 AGCTAGTTTCATCTTAACTATCAAATT

CDV-R 966-987 TTAACTCTCCAGAAAACTCATGC 87
CDV-Pb 934-963 FAM-ACCCAAGAGCCGGATACATAGTTTCAATGC-TAMRA**

*Flourogenic RT-PCR.

**6-carboxyfluorescein (FAM), 6-carboxytetramethylrhodamine (TAMRA).
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Fluorescent Antibody Test: 250 uL of each supernatant
was transferred to 6-well plates containing coverslip and
seeded with MDCK cells. The control used for each 6-well
plate was a well with cells only. The plates were incubated
at 37°C for 1 h. After the adsorption step, 4 mL DMEM
(with high glucose L-Glutamine) was added along with
antibiotics (10%) and antimycotics (7%). All plates were
incubated at 37°C and 5% CO for five days, after which
the plate coverslips were studied for FAT. The coverslips
were rinsed in PBS. The staining procedure followed
involved commercially available CDV polyclonal
antiserum conjugated to fluorescein isothiocyanate (FITC)
(catalog no: CJ-F-CDV-10ML; VMRD, USA) for direct
FAT. The results were evaluated in a Floid®Cell Imaging
system. The CDV-FAT substrate slide (containing two
wells: one positive and one negative, catalog no: SLD-
FAC-CDV; VMRD, USA) was used as a reference. The
coverslips were examined for the presence of CDV
antigen-positivity using a cell culture microscope
Floid®Cell Imaging system. The positivity was calculated
based on a previously described method, as the number of
CDV antigen-positive cells divided by the total cells (25).
CPEs were identified for each sample, at different levels
(high, medium, and low) using FAT.

Statistical analysis: Data were analyzed using the IBM
SPSS® Statistics 23.0 software. The statistical evaluation
was performed using the Chi-squared and Spearman’s
correlation tests.

Resuits

One-Step real-time RT-PCR: 31 out of all the 50 dogs
tested positive for CDV infection. The 87-bp fragment
was amplified from extracts, and it was used to identify
the virus by targeting the N protein. Specific signal
amplification was obtained for the positive samples with
cycle threshold (Ct) values ranging from 18 to 36. In total,

105 (42%) samples were positive for the presence of the
CDV genome. BS, NaS, OcS, ReS, and UrS were positive
in 20 (40%), 23 (46%), 22 (44%), 27 (54%) and 13 (26%)
samples, respectively (Table 2).

Cell culture and virus isolation: In total, 39 out of 50 dogs
were found to be positive by virus isolation. In MDCK
cells, the presence of CPE was detected in a total of 117
(46.8%) samples, their distribution based on sample type
being the following: 20 (40%) BS, 23 (46%) NaS, 22
(44%) Ocs, 31 (62%) ReS, and 21 (42%) UrS (Figure 1
and Table 2). A total of 12 one-Step real-time RT-PCR
negative samples were positive by virus isolation, of
which 4 were ReS, and 8 were UrS.

Fluorescent Antibody Test: A strong bright green
fluorescence was detected in the cytoplasm of the infected
cells, whereas no green fluorescence was observed in the
control coverslips. Characteristic inclusion bodies of CDV
were also counted as antigen positivity. However, non-
specific yellow stainings were not included in the
interpretation. The interpretation of results was based on
the intensity of fluorescence/staining reaction and
accordingly categorized as high (>60%), middle (30—
60%), and low (<30%) levels of CPE (Figure 2). CPE
levels for the different sample types are shown in Table 3.

Statistical analysis: In viral genome detection, the
relationship between real-time RT-PCR and virus
isolation, demonstrated positive correlations for BS, NaS,
and OcS (P<0.01,r =1), ReS (P<0.01, r =0.844), and UrS
(P<0.01, r = 0.697). The highest positivity rate was
detected in the age group of 0—-3 months (68.1%) for viral
genome detection and in the age group of 4-6 months
(90.9%) for virus isolation. The distribution of CDV
isolation and genome positivity rates in different age
groups are shown in Table 4.

Table 2. Comparison of the results of real-time RT-PCR and virus isolation.

Real-time CPEIin Sample numbers*
RT-PCR MDCK BS NaS OcS ReS urS
+ + 20 (40%) 23 (46%) 22 (44%) 27 (54%) 13 (26%)
- + 0 0 4 (8%) 8 (16%)
+ - 0 0 0 0 0
- - 30 (60%) 27 (54%) 28 (56%) 19 (38%) 29 (58%)
*BS: Blood, NaS: Nasal swab, OcS: Ocular swab, ReS: Rectal swab, UrS: Urine.
Table 3. Cytopathic effect (CPE) results according to the samples.
Levels of CPE
Samples* High Middle Low Total
BS 1 2 17 20 (17.1%)
NaS 1 10 12 23 (19.6%)
OcS 3 5 14 22 (18.8%)
ReS 21 6 4 31 (26.5%)
urS 11 3 7 21 (17.9%)
Total 37 (31.62%) 26 (22.23%) 54 (46.15%) 117 (%100)

*BS: Blood, NaS: Nasal swab, OcS: Ocular swab, ReS: Rectal swab, UrS: Urine.
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Figure 1. Cytopathic effect (CPE) of CDV in MDCK cells infected with rectal swab samples belongings to dog no 24.
A1-3: Untreated control cells. Al: 48h, A2: 96h, A3: 144h later. B1-B3: Sample inoculated cells. B1: 48h, B2: 96h, B3: 144h later. Pictures were taken
with a Sony 1.3MP 1/3” ICX445 EXview HAD CCD camera, 20x objective with 460x optical magnification under an inverted microscope (Life
Technologies™ Floid®Cell Imaging Station, USA).

AZ 125 pum

Figure 2. CPE of MDCK cells before FAT.

(Al: dog no 40, urine-low; B1: dog no 37, ocular swab-medium; C1: dog no 10, rectal swab-high). FAT was done on CDV-infected MDCK cells at 6
days post-inoculation (A2, B2, C2).

(A typical apple-green fluorescence indicating positive CDV antigens in infected cells).

Table 4. Distribution of viral genome and virus isolation results by age groups. Real-time RT-PCR and virus isolation-FAT results
according to age.

Age group Real-time RT-PCR CPE Total
Months €] () (+) ()
0-3 15 (68.1%) 7 17 (77.2%) 5 22
4-6 6 (54.5%) 5 10 (90.9%) 1 11
7-9 6 (66.6%) 3 6 (66.6%) 3 9
10-12 4 (50%) 4 6 (75%) 2 8
Total 31 (62%) 19 39 (78%) 11 50
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Discussion and Conclusion

CDV infection causes high morbidity and mortality in
domestic and wild canids across the world (35). The
progress of the disease can differ from strain to strain and
also depends on the amount of virus as well as the age,
immunity level, and environmental factors of the sensitive
host (32). The disease is easily transmitted to young and
unvaccinated dogs, which come into direct or indirect
contact with infected dogs (2). Dogs that have not received
the necessary antibodies through either colostrum or
vaccination during the first 12 months of their life are
more susceptible to infection (16, 21, 23). Several
molecular assays are widely used to detect CDV
infections. It has been reported that CDV infection has a
higher chance of detection using the RT-PCR method as
compared to immunohistochemistry methods, especially
in cases of subacute and chronically infected dogs (26,
41). Some studies conducted using the conventional PCR
techniques in Tiirkiye have reported the presence of CDV
genomes in various samples collected from dogs (36, 40).
In cases where intercalating dyes were used to measure
real-time PCR products, there is the disadvantage of
detecting the sum of all specific and non-specific PCR
products (5). Recently, the real-time RT-PCR technique
based on the TagMan Probe system has enabled rapid,
accurate, and highly specific diagnosis of CDV (16). The
TagMan Probe is used to avoid the disadvantages met
while using other probes in detecting both specific and
non-specific PCR amplification. The real-time RT-PCR
method is preferred due to its higher sensitivity and
specificity as compared to other diagnostic methods (14,
17). Diagnosis of CDV is especially challenging due to the
diverse and non-specific clinical manifestations and due to
the high seroprevalence rate in sub-clinical dogs.
Veterinarians are routinely confronted with cases where
the clinical picture is compatible with the disease, but the
diagnostic tests yield contradictory results. This study is
unique in being the first in the detection of the CDV
genome in Tiirkiye using the one-Step TagMan real-time
RT-PCR assay.

The advantages of the one-Step TagMan real-time
RT-PCR method have been reported in several previous
studies as well (5, 14, 16, 17, 45). The highly conserved
nucleocapsid gene region of CDV was targeted in this
study (17). This study aimed to obtain more specific and
reliable positive results using fluorogenic probes that
identify only specific PCR products. Based on our results
(Table 2), we can confidently state that fluorogenic probes
are highly useful reagents for the detection of CDV in
naturally infected dogs. The detection was performed in a
sensitive, specific, rapid, and reliable manner using the
specific primer/probes designed for the reaction. Real-
time RT-PCR vyielded a high rate of positivity for CDV

infection in the 0-3 months of age category, as indicated
in Table 4.

As a result, we have successfully shown that a rapid
and reliable diagnosis can be made for CDV infection in
very young dogs using the real-time system with the
TagMan probe. Disadvantages of PCR methods in viral
genome detection have already been widely reported (19,
34, 38). Some of these disadvantages are that the viral load
may be too low in samples taken from naturally infected
animals and that even smaller volumes of these samples
are used in the PCR test. Moreover, the fragile nature of
the RNA genome and the contamination with RNases
from the environment may adversely affect the results of
a PCR test. As a result, the potential negative effects of
PCR inhibitors hamper viral genome detection. These
disadvantages may lead to false-negative results. In our
study, virus isolation and FAT techniques were used to
eliminate these disadvantages particularly. Moreover, it is
always important to confirm test results with other reliable
methods to eliminate the false-negative results.

CDV polyclonal antiserum is known to be highly
suitable for specific detection of CDV infection in cell
cultures, as it does not stain for other non-specific viral
agents. It is thus a specific tool used for the diagnosis of
acute and primary infections in dogs and will continue to
be the most popular critical reagent used in routine
diagnosis via FAT. The only limitation of FAT is that it
requires fluorescent imaging microscopy and the presence
of skilled lab staff. Despite limitations, the FAT is one of
the best methods of diagnosis as it is rapid, flexible, and
accurate (31).

Viral growth has been reported to successfully occur
in MDCK cells and Vero but not in MV1 cells. Based on
this study, wild-type CDV isolation in MDCK cells
proved to be the most effective, though CPEs are the most
evident in Vero (28). In our study, the characteristic CPEs
observed in the MDCK cells were also identified by the
CDV-specific antiserum. Similar findings have also been
reported in other studies that were based on the isolation
of the CDV in non-modified MDCK cells without
adaptation (46, 47). It was reported that the Vero-
expressing signaling lymphocyte activation molecule
(SLAM) was highly useful for the isolation of CDV from
clinical samples. The major advantage of this cell type for
CDV isolation is that CDV propagation can be detected as
early as 1-day post-infection (44). In our study, the notable
CPEs could be observed in MDCK cells 6-days post-
inoculation.

Our findings show that some CDV strains can infect
MDCK cells without the need for adaptation. The viral
load in samples from naturally infected animals could be
quite low and, the isolation of CDV in cell cultures tends
to be prolonged, requiring blind-passages before the
occurrence of CPEs (28). Blind passages play a crucial
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role in virus isolation in natural infections. Therefore, at
least two blind passages were made in the cell cultures of
high-volume cultivated samples.

In our study, ReS, and UrS were the most prominent
samples with a high level of CPE identification (Table 3).
The lowest level of CPEs was in the BS. A study by Pawar
et al. (37) supports these findings of our study. CDV can
be detected at high titers from several body fluids,
including urine (17, 41). High levels of CPE were detected
in ReS and UrS, which may be due to the high
reproducibility of viral load in these samples (17). Here
we report the first isolation of CDV in MDCK cell culture
from naturally infected dogs in Tiirkiye and the successful
isolation from urine samples. Likely, our careful sampling
at the right time in the post-infection period increased the
efficiency of CDV isolation. According to the findings of
this study, notable CPEs were observed in infected MDCK
cells, and the optimal harvest time was 6 days after
inoculation, with UrS reaching the highest CPE level.
Although there are previous studies related to CDV
isolation from different sample types, they provide limited
information about isolation from urine samples in
particular (44, 47). In the CDV infection, the sample type
used for molecular diagnosis and virus isolation may
depend on the clinical symptoms (36). Based on our data,
we recommend the use of ReS for CDV diagnosis and
isolation. The data we obtained are coherent with several
previous studies (17, 22, 40).

The highest amount of positivity was found to be in
the 0-3 months age group for viral genome determination
and in the 4-6-months age group for virus isolation (Table
4). According to these results, it was concluded that dogs
under 6 months of age were at higher risk of CDV
infection. The results of Gray et al. (20) support our
findings. In stray dogs using the same habitats as infected
animals, such high rates of CDV infection would likely be
caused by continuous exposure to secretions/excretions of
infected animals. Moreover, these dogs are periodically
collected and kept in shelters for ear tagging, spaying,
vaccination, etc. The potential for exposure and CDV
transmission to susceptible dogs only increases during this
period. Additionally, the fact that CDV persists in infected
animals (21) and that they can spread the virus again after
immunosuppression is a permanent threat to susceptible
animal species. However, CDV prevalence was reported
to be lower in places where vaccination programs are
applied regularly (10, 30, 48). Mostly, domestic dogs that
are taken out twice a day should be prevented from
interacting with stray dogs. However, it may be difficult
to prevent the dogs from exposure to infected materials in
the area that is contaminated with secretion and excretion
of infected dogs. Such material threatens the vaccinated
dogs as well (9). Since there is no vaccination program
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intended for stray dogs, all carnivores are at risk of
contracting the disease (29).

It is important to have a vaccination program for
stray dogs to decrease the constant presence of the virus in
the environment in general. It has been shown in our study
that field strains can be isolated by methods that are not
difficult to apply in practice. In this way, using field strains
in the vaccines will result in a more effective campaign
against CDV. Stray dogs that roam for food, water, shelter,
mating, etc., are the key reservoirs that allow the virus to
circulate and persist in rural and urban areas. Moreover, it
is necessary to follow wildlife animal movements as well.
Since there is no control program in place for CDV in the
wildlife, it increases the risk of transmission between wild
and domestic carnivores. The one-step real-time RT-PCR
and virus isolation methods used in this study are the
preferred methods for the detection of CDV in clinical
samples. These methods are sensitive, provide highly
specific results, and are useful for rapid detection in
naturally infected dogs. Besides, according to the findings
of this study, non-modified MDCK cells should be
preferred for the isolation of CDV from naturally infected
dogs. CDV is likely to remain an important threat to dogs,
particularly those that are 0—6 months of age, if there is no
program in place to control the increasing population of
stray dogs in urban areas (42).

We concluded that ocular swabs and blood samples
are the preferred alternative samples, although rectal and
nasal swabs were found to be the best clinical samples for
the detection of CDV. Based on our findings in the urine
samples, we can also suggest that there is a need for more
detailed studies on urinary system symptoms in infected
dogs.
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