10

11

12

13

14

15

16

17

DOI:10.22059/IJVM.2023.346320.1005294 Iranian Journal of Veterinary Medicine Original Article

Online ISSN: 2252-0554

Molecular Detection of Canine Distemper Virus among Do owing

Neurologic and Non-Neurologic Forms of Di‘z% '
A\ ™
X
Seyed Mohammad Mojtahedzadeh'’, Shahram Jamshidi'fAr ghalyan‘chi langroudi?, Seyed Milad

Vahedi3, Iraj Ashrafi tamai? Akbarein He@ ,-Hamid reza Moosavian®
( h
e Department of small animal Int@eqmiﬁé, Faculty of Veterinary Medicine, University of

Tehran, Tehran, Iran ‘ \‘\

e Department of ro iwg\nd Immunology, Faculty of Veterinary Medicine, University of

.
Tehran, Tehran, Irh J
° Kz&nl\wal Science and Aquaculture, Faculty of Agriculture, Dalhousie University,

Truro, NS, Canada
e Department of Food Hygiene, Division of Epidemiology and Zoonoses, Faculty of Veterinary

Medicine, University of Tehran, Tehran, Iran



18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

e 5 Department of Clinical Pathology, Faculty of Veterinary Medicine, University of Tehran,

Tehran, Iran

)

Running title ’

(
LW
Q N\
AN

Molecular Detection of Canine Distemper Virus among Dogs
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Background: Canine disﬂ)i is one of the most contagious and lethal viral diseases in dogs.

Abstract

Despite the Widesprem u\o#ccines to control CD, the prevalence of the CD virus (CDV) has
increased at i in recent years. Objective: To identify the genotypes responsible for the
ne lokn noﬁ\murological clinical forms of canine distemper and to investigate the presence of
the virusiin the /neurological and non-neurological forms of the disease. Materials and methods: In this

descriptive-analytical study, samples were collected from 70 CD suspected unvaccinated dogs with

clinical symptoms of distemper. All cases were first tested with rapid tests and then separated into 3
2
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different groups based on clinical symptoms. CSF, respiratory secretion, and fecal samples of all 40 cases
were examined for reverse transcription polymerase chain reaction (RT-PCR). After sequencing the
hemagglutinin gene (H gene), phylogenetic analysis of the H gene of isolated CDV's was ied out using
MEGA™ 7 software. Results: The analysis of RT-PCR results showed that the rWto secretion

sample in the non-neurological CDV group (85%) and the neurological CDV g (\ had'he hlghest
ample

level of virus contamination, but in the non-neurological CDV group, the 0%) had a high
level of infection. In neurotic groups, ages over 12 months sho@hl ercentage of distemper
contamination, and in the Non-neurologic CDV group, ages 3 to 6 months were more involved.

®

Sequencing and phylogenetic analysis of the H gene revealed the . CDV to be a member of the endemic
Arctic-like genetic lineage. Conclusion: The results of thi 1nditated that genotypic examination of
the hemagglutinin gene of the distemper virus revealed Mrecent isolates are closely similar in both
neurologic and non-neurologic clinical f cJDV.in ran. In positive rapid test cases, the PCR test of

=
Respiratory secretions for detectionfef virys is the most sensitive. In neurologic cases which has

T
negative rapid test results, PC[‘ csw the highest sensitivity, so can be a diagnostic solution.

Key word: Distemper&o

Inww‘

Distemper is a fatal contagious viral disease in dogs and other species, such as raccoons, ferrets, otters,

erﬁgxtinin, CSF, Neurologic, Non-Neurologic

/(/;'\

pandas, and skunks (Namroodi, Rostami, Ardebili, & Langroudi, 2014). The canine distemper virus
3
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(CDV) is a single-stranded RNA virus of the Morbillivirus genus and the Paramyxoviridae family. CDV
is an enveloped virus that is highly susceptible to chemical disinfectants (Bi et al., 2015). CDV only has
one serotype; however, based on genetic variability of membrane glycoproteins, 17 ‘major genotypes

have been reported, including America-1 to 5, South America-1 to 3, Asia-1 to 4, Euroﬂil e, Arctic,

The severity of disease and clinical symptoms depends on 6 rs bmng virus strain,
immunity, and host age ( Hornsey et al., 2019). In general, CDV infegetion dise could be classified into

two major clinical forms: (a) non-neurologic CDV in which clinical symp‘oms include fever, yellow or

South Africa, America-1/Europe, and Rockborn-like (Loots et al., 2017).

green discharge from the eyes and nose, cough, dyspne& sion, lethargy and anorexia, diarrhea, and
vomiting without any neurologic symptoms (Q) and Yanrong, 2022; Hornsey et al., 2019); (b)

neurologic CDV, with neurological disorders, 1nclﬂ%abnormal behaviors, chewing gum, seizures,

b

blindness, paresis and paralysis, imbalao rotatig?l (Hornsey et al., 2019).
By

CDV genome is composed of “genﬁc‘o‘ding eight proteins: 2 non-structural proteins (C and V) and

six structural proteins (Iﬂwﬁprotein, matrix protein, phosphoprotein, large protein, and two

membrane glycoproteins \ovyas hemagglutinin (H) protein) (da Fontoura Budaszewski & Von

Messling, 2 {' ., 2019). H protein is responsible for binding the virus to the host cell
in tal

(Rendon- 2019). It also stimulates the host’s immune system, leading to a protective response

against viry, (Rendon -Marin et al., 2019). The highest level of mutation occurs in the H gene (Wang
et al., 2020). Thus, designing specific primers targeting the H gene make it possible to differentiate the

field CDV lineages (Rendon-Marin et al., 2019).
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Practical diagnosis of canine distemper is primarily based on clinical suspicion. Also, the rapid CDV Ag
test kit is highly preferred by clinicians due to it is a simple, rapid, and feasible method in most
laboratories and can detect distemper virus in the conjunctiva, urine, serum, or plasma high degree
of accuracy. CDV antigen rapid test has shown excellent sensitivity (98%) and spegific (98 5%)
compared to other methods (Costa et al., 2019; Saaed & Alsarhan, 2022). In our we u'ed blonote
(Woodley equipment) rapid test kit with sensitivity of 100 % and specifici i 8.5% in comparison to
the nested PCR. However, the most tdefinitive method for diagn@s& is amphfymg conserved
specific genes, such as the neuraminidase (NP) gene by RCR (Ricciet al., 2021). In this case, the

®

researchers reported that the conserved nucleoprotein (NP) gene'is considered to be a better target for

R

amplification of specific fragments from all strains of CDV (Namtoeodi et al., 2013; Wang et al., 2020).

There are few epidemiological data about tl\?DV eages in Iran; most studies have focused on the
v

prevalence of CDV among rural dogs i ize},‘ Shapouri, & Akhlaghi, 2007; Somayeh Namroodi

et al., 2015; Sarchahi & Arbabi, 2022\; Tava\lioli }aniani et al., 2021). However, our understanding of the
molecular prevalence of C \* different forms of the disease and the genetic variability of CDVs
inducing neurologic ad non- neurxgic forms of the disease are limited. Therefore, this study was
designed to njftlg the 1 erence between the molecular prevalence of CDV in dogs with non-

neurolo\

gene 1m11ar‘es between non-neurologic and neurologic CDV.

\nc forms of Distemper. We also performed phylogenetic analysis to evaluate the
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Material and methods

Target population

r "
N
The target population consisted of dogs referred to veterinary hospitals in Tek‘n \o’er 2020 to

September 2021. A total of 70 dogs with clinical signs of CDV wi@Ca*‘ation Wry were included

CDhV r& antigen kit (Woodly

R

equipment company LTD., UK) based on the kit manufact instruction. With respect to the initial

in this study. CDV rapid test was conducted for all animals us

clinical examination and rapid kit results, 40 animals ed |into three classes: (Group 1) animals
with positive kit results but without neurologicwinice signs were classified as the “non-neurologic

CDV” group. These animals mainly shov( gaMstinal and respiratory symptoms, including
B

anorexia, diarrhea, vomiting, coughing ea,)paeumonia, and nasal and ocular discharge (N = 20);
D
&
(Group 2) animals with neurologic'symptomsgand positive kit results were classified as the “neurologic
CDV” group (N = 10). Ne i &

Is ncluded chewing gum, muscle tics, seizure, paralysis, circling,

and blindness; (Group3) a%nals ith neurologic symptoms and negative kit results were classified as the

“neurologic n%D roup, (N = 10).
Sa lib \

! ]
Samples werefcollected from CSF fluid, nasal-conjunctive secretion, and stool of all animals. Samples

were obtained using a sterile swab from the nasal canal and conjunctive secretions. Also, stool samples
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were collected using a sterile swab. Cerebrospinal fluid (CSF) samples were collected based on the
cisternal puncture method (Suzuki & Ferrario, 1984). Therefore, CSF samples were collected using a
sterile syringe (gage22) from the cerebellomedullary cistern under complete anesthesia. , they were

immediately transferred to -20° C (Pouramini et al., 2017).

o
N

RT-PCR ‘ \\ ’

To detect CDV, the N gene was targeted using CDV-N primers ('@.&reoveﬂ positive samples,
the H gene segment of the virus was amplified for phylogenetic analysiiusing C}V—H primers (Table 1).
RNA was extracted from clinical samples using an RNA ex kit (Bi&eer Co, Korea) following the
manufacturer’s instruction and was stored at —80 °C. E@e A\Was reverse-transcribed into cDNA
using a two-step RT-PCR kit (Vilvantis, MalayXproWhe manufacturer’s recommended reaction
conditions. PCR reaction was performed in a final me of 20 pl including 10 pl of Mastermix
(Vivantis, Malaysia), 0.5 pl of each p(u@)m{\/l)ﬂ pl of template DNA, and 7 pl of deionized water.
The PCR amplification was pefformed under the following conditions: initial denaturation at 95°C for
Imin, followed by denaﬂﬂt‘tﬁc for 1 min, annealing at 47°C for 1min and elongation at 72°C for

Imin (35 cycles), afid a Wl yension at 72°C for 10 min. After amplification, 5ul of the reaction

mixture was trfeKw agarose gel .

Se(wg al‘phylogenetic analysis

PCR products of the H gene were Purified using a PCR Purification kit (Bioneer, Korea). Purified

amplicons were sequenced using ABI 313 DNA sequencing instruments (Seq Lab Co, Germany). Editing
7
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and analysis of the raw DNA sequence was performed using BioEdit software, (a free software sequence
analysis program developed by Tom Hall at North Carolina State University). Sequences were compared
with CDV sequences deposited in the GenBank using BLAST software (http://www.ncbi.nlm.nih.gov/).
Eventually, nucleotide sequences were submitted to the GenBank database
(http://www.ncbi.nlm.nih.gov). H gene sequences of 13 CDV isolates obtained fr wnz’ysi; along
with 37 collected sequences from the Genbank were used for phylog et! analysis using MEGA
software v.11 (Sohpal, Dey, & Singh, 2010). Hemagglutinin se uei of% distemper virus
vaccines including Vaccine A (Accession: FJ461701.1,9GI: 239949421), Vaccine B (Accession:
FJ461709.1, GI: 239949437), Vaccine C (Accession: FJ461708.1, GI: 239949435) and Vaccine E
(Accession: FJ461710.1, GI: 239949439) were also mto € data. Internal node uncertainty was

assessed through 500 bootstrap replications. SCe entMaligned H gene sequences were then used

to construct the phylogenetic tree based eighbor-jeining and maximum likelihood methods(Nikbakht,
—
Jamshidi, & Mohyedini, 2018). p b &

el
Statistical analysis ‘ \
O\N
The statistical analyse?' We\per med using SPSS software (version 19). A chi-square test was used to
investigate th@( Meen the molecular prevalence of CDV between non-neurologic CDV and
ne IOQD , aZ\l
thee;fe\)

value < 0.05 was considered to be statistically significant.

well as between nervous CDV and neurologic non-CDV groups. We also assessed

4
f gbder and sex on the molecular prevalence in different groups using Spearman’s test. A P-
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Results o*\'

RT-PCR \ N

The population of dogs was divided into three dif; ups&on- neurologic CDV (Group 1),
neurologic CDV (Group 2), and the neurologic ‘xxCD@p 3), based on the results of the CDV Ag

rapid test and clinical signs (Table 2). Over(outN dogs, 29 (72.5%) dogs carried the distemper
b
virus-specific gene (Fig 1). Among dlegrouﬂ group 1 had the most positive samples (85.0%),

followed by group 2 (80.0%) ig :0%). In groupl and group 2, among the positive samples,
Xn

respiratory secretions had er virus infection with frequencies of 75% (P-value = 0.021)
and 70% (P-value —mN )tlvely In contrast, in group 3, CSF sample had significantly higher
frequency (4 itive samples (P-value = 0.041) (Table 2). In group 1, the infection being
more in th ( nths (P-value = 0.031), but in group 2 (P-value = 0.022) and group 3 (P-value =

0.036), ages ov§ 12 months had the highest rate of distemper infection (Table 3).
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In the comparison of groups 1 and 2, the frequency of CDV was not significantly different (P-value >
0.05) (Table 2). Among the positive samples, the frequency of CSF positive samples in group 2 (40.0%)
was significantly higher than that in group 1 (20.0%) (P-value = 0.038). There w significant
difference in other types of samples (P-value > 0.05) (Table 2). The frequency of CDVyposi samples
among genders in groups 1 and 2 was comparable (Table 2) and no significant differengces We'a ogserved
between the CDV frequencies between the two groups (P-value > 0.05 A!e-wise revalence study
between the two groups revealed that group 1, ages 3-6 months (P=value —O*% a;ld'group 2, ages over

12 months (P-value = 0.018) had the highest rate of distempetjinfection (Table 3).

In comparison between groups 2 and 3, the number of positive,cases in group 2 (80.0 %) was higher than

in group 3 (40.0%) (Table 2). Among positive s*es, sne frequency of positive fecal (P-value = 0.031)

and respiratory secretion samples (P-value .034) was, significantly lower in group 3 than those in
group 2. However, the frequency of itive j?lmples was not significantly different (P-value >
5

&
0.05). The frequency of CDV-positive san\lples among genders between groups 1 and 2 was similar
(Table 2) and no signiﬁcani difference was observed between the groups (P-value > 0.05). Also, there

was no significant difﬁence in}e p&valence of the virus between different ages (P-value > 0.05).

Sequencing Tll\wc analysis

To%hvhy]pgenetic analysis, the H gene of 13 samples was amplified (Fig 1) and sequenced.
Sequences were analyzed using the BLAST search program (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and

partial H gene sequences were submitted to GenBank (accession numbers: Ok247544, Ok247545,

10
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0k247546, Ok247547, Ok247548, Ok247549, Ok247550, Ok247551, Ok247552, Ok247553, Ok247554,
0k247555, Ok247556). Phylogenetic analysis showed that all strains of CDV isolated belong to the
Arctic virus-like genetic lineage. Sequence analysis detected 92.1% similarity between Iranian H
sequences gene and all of them were located in the same cluster (Fig 2). Disregardingdranianjisolates, a

N
high similarity was observed between our samples and those from Russia ( Uw, rUROISS,
(

FURO192, and Pt79H). Also, all four vaccines A, B, C, and E were very (Qe t from recent isolates in

. -
terms of H gene sequence and were placed in a separate cluster. < .

&
3
% ¢,
C»
\O\’

Discussion h
A\

Distemper is a deadlyﬁd‘]t%us disease in dogs and other species including raccoons, ferrets, otters,
pandas and bi W-Gutierrez & Ruiz-Saenz, 2016). Dogs are the largest group of carnivores
tha ca&g(j@per (Martinez-Gutierrez & Ruiz-Saenz, 2016). Moreover, they are the main
reservoit, of di%mp::r virus (Costa et al., 2019; Martinez-Gutierrez & Ruiz-Saenz, 2016). Considering
that this virus has different genotypes that can cause different clinical symptoms in dogs and since the

relationship between virus genotypes in causing different clinical symptoms in dogs has not been studied

11
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so far (Chen et al., 2018). For this purpose, in the present study it has been tried to compare the
prevalence of the virus in different samples in non-neurologic and neurologic CDV forms, and also the

effect of the type of virus in causing the disease form has been investigated using genoty

Within groups analyses

Examining the presence of the CDV in the samples of the groups showed tha‘m%neﬂrologlc CbhV

and non- neurologic CDV groups, the presence of dlstemper—spe@aes respiratory secretions was
much higher than in stool and CSF samples, and this is probably due t&the tissue affinity of the CDV to
the respiratory system (Nicholls et al., 2007; Pratakpiriya 22017). I& this case, Pratakpiriya et al
(2017) reported that CDV propagates in the respiratox@t i helklm, using nectin-4 (also known as
poliovirus-like receptor protein-4 (PVRL4) as ageptoWkpiriya et al., 2017). Also, the results of
the PCR test showed that the CSF samples in'the dogi\he neurologic non-CDV group were similar to
the samples of the neurologic CDV. gt@nd\the’ presence of the virus in the CSF samples of both
groups was 40%. Since in the néurologic non-CDV group, the CSF sample had the highest level of virus
contamination, it can be iﬂ%

t Qhe presence of the virus is related to the occurrence of neurological

symptoms, and the ne&élc& f%s of the CSF sample are suitable for virus detection. To the best of our

knowledge, n@i‘%w;en yet performed on the relationship between neural form and the presence
of the an speeific

4
Gabrie t al.\2006) reported that urine, tonsils, conjunctival swabs, and whole blood contained high

ssues, and this issue is raised for the first time. In this case alone, the study by

viral loads in the acute form of distemper (Martella et al., 2007).

12
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Examining the presence of the virus in different ages of dogs showed that in the non- neurologic CDV
group, ages 3 to 6 months are at risk of distemper (P-value = 0.031). Studies have shown that an
immature immune system in puppies is a possible reason for their high rate of infection, especially
between 3 and 6 months of age when maternal antibodies in puppies declines (Baumgartner l., 1995).
On the other hand, Kauffman et al (1982) reported that 3-6-month-old dogs a e sufep‘:ible to
distemper than other age dogs due to the reduced replacement and r al ability, of lymphocytes
(Kauffman et al., 1982). In this regard, the researchers showed@ i« the infection of young
animals may be related to the virus-specific receptors 1 e immune system. In other words, the
distemper virus receptors such as signaling lymphocyte activation‘molecule (SLAM) in young dogs were
far more than in old dogs, and this led to their highfinfection (Tatsuo, Ono, & Yanagi, 2001; Volkan
Yilmaz et al., 2022). In agreement with our study, J(')Z\Mrymus (2002) showed that 72% of dogs

=
neurological form was more pronoufice dex ages, which is consistent with the findings of previous

tested for distemper virus were younger ear of age (Jozwik & Frymus, 2002). We found that the
1
=L
studies (Hall, Imagawa, & Chc‘in, %Headley et al., 2009). Studies have shown that young dogs are
more susceptible to dist per‘n&nd after the apparent recovery, the agent remains in a series of

an
organs such as the fris, cmaJrvous system, and plantar fascia, and in old age when the immune

system i We{ed\ involvement appears (Galan et al., 2014; Headley et al., 2009).

Nou‘ analyses

As depicted in Table 1, the frequency of the detection of CDV in Non-neurologic CDV and neurologic

CDV were significantly higher than in the neurologic non-CDV group. This finding points to the
13
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importance of the rapid distemper test method and shows that the probability of the molecular distemper
test being negative is high if the results of other tests are negative. The prevalence of distemper virus
based on PCR test in the CSF sample was higher in the neurologic CDV and neurologic nen-CDV groups
than in the Non-neurologic CDV group. This finding shows that neurological symptomszhad igniﬁcant
relationship with the presence of the virus in the CSF samples, and on the other ha CSF 'ample 1sa
suitable target for the diagnosis of CDV in neurological form. In this c 3, ( ude et al (2007) also
reported that the assessment of cerebrospinal fluid can be more a@ate 1 Kdlagnoms of distemper
disease in its neurological form (Amude, Alfieri, & Alfieri, 2007). Interestingly, we found a significantly
higher CDV detection in the respiratory secretions of the neutelogic gDV group compared to the
neurologic non-CDV group. This finding indicates that respiratory secretions are highly reliable when
even rapid distemper test results are negativ S nMy that inhibitors sometimes reduce the
sensitivity of the rapid test or even lea KQ negative results (Wilkes et al., 2014). In the study of
Yilmaz et al. (2022), the contaminaﬁobdifferer’; dog samples was investigated using the RT-PCR
method, and viral nucleic aci*as Me‘g\ at higher rates in the nasal swabs, compared to the other

samples (V Yilmaz et al., 22Nn¥ir study, the samples were taken from dogs under one year old, and

g
CDV was detected mostl}xld respiratory secretion samples, which was in concordance with our

results.ﬁ]{et . ) also showed that for the diagnosis of CDV by RT-PCR in dogs with

neurplogical ‘symptems, whole blood and mucosal swabs are not suitable samples while CSF is much
4
more su le)x

archahi & Arbabi, 2022). There was no significant difference in CDV prevalence

between genders which is in agreement with previous studies (Cattet et al., 2004).

14
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Phylogenetic study

Virus typing is important in many aspects, to identify different genotypes that lead to neurologic or non-
neurologic forms, identify the virus location and its dominant type in the region, and also the origin

of the expanded genes to some extent in the microbial population (Namroodi, Rezaie, g Milanlou,\2017).

The sequencing-based method is one of the molecular methods used to classi' 0 Jims. In the
SLST method, a target gene is usually sequenced among the isolat *lsolates are classified based
on the nucleotide sequence (Ahmed & Alp, 2015; Zhang et al., ) In o study, epidemiological

investigations on isolates were performed based on the H gene and SequeI‘e analysis of the H gene, and
dendrogram mapping showed that there was no difference, between viruses isolated from the non-
neurologic form and the neurologic form and thwy weere allin the same cluster. Phylogenetic analysis
of 14 distemper viruses showed that all isolates WeWedded in the Arctic cluster. Since the closest
strains recorded in the NCBI Database ains B?eviously reported from Russia, the latter strains are
likely to have originated in Russia’ In\this case, 1}1 a study conducted by Namroodi et al (2015) in Iran, it

was shown that distemper Vi& isolates, are located in the Arctic and European lineages and were

probably transferred fromurkeyito Iran (Somayeh Namroodi et al., 2015).

One of the ot@xwﬁc studies is to evaluate the changes in the strains of this virus in the region

co arehthe vaccines used to compare the overlap of the vaccine and the dominant strain in the region
4

because, i the\se of high changes in the strains, new vaccines with high similarity and overlap should

be produced and used. In the present study, the degree of compatibility and similarity between the four

vaccines A, B, C, and E was 20 percent with the recent strains. In a case study by Mochizuki et al. (1999)
15
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in Japan, hemagglutinin (H) genes obtained from current vaccines and clinical isolates of distemper virus
were genetically analyzed and the results revealed that two genotypes of distemper virus are circulating
among dogs in Japan, which are highly genetically different from vaccine strains (Meochizuki et al.,
1999). These findings led to the development of new high-performance vaccines togincl all new

N
genotypes. In contrast, in a study by Zhao et al. (2010), three genotypes of diste‘m@ie detected

in China, of which the Asia-1 genotype was the most common, and all thregigenotypes were 90% similar
S

- .
etween wild and vaccine

to the vaccines used in that country. Our results suggest that the 1@1
isolates might affect the efficacy of the applied vaccines. In ather Wora\ the probable reason for the high
number of positive cases of the distemper virus in Iran might be'the high genotypic difference between

the recent strains and the mentioned vaccines. Therefo@iie ith larger samples size covering more

geographical regions are suggested. ( \J
. )

Conclusion O &

p &

E

In this study, we showed that *lecu%chniques could be used to detect CDV in both neurologic and

non- neurologic forms “ D1 N However, respiratory secretions in both neurologic and non-
i x

neurologic forms are of gre iJortance for the diagnosis. In neurologic cases with negative rapid test

results, ﬁ@S\y had the highest sensitivity; therefore, it could be a diagnostic solution for

suspected ca esGel}otypic analysis of the hemagglutinin gene of the distemper virus showed that the

recent isolates.are very similar in both neurological and non-neurological clinical forms of CDV in Iran.
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Since all 13 isolates are located in polar clusters and are very similar to the strains obtained in Russia,

there is a possibility of its transfer from Russia to Iran

oo
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Table 2: Frequency of distemper virus among di

\QQ

groups based on PCR test

AN
<

PCR +
Groups _ . Respiratory
ingthe virus (%) | peces (%) CSF (%)*
secretions (%)*

Non-neurologic CDV (n =

17 (85.0%) 9 (45.0%) 15 (75.0%)" 4 (20.0%)
neurolegic CDV (n=10)

8 (80.0%) 6 (60.0%) 7 (70.0%)" 4 (40.0%)
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neurologic non-CDV (n =
4 (40.0%) 0 (0.0%) 2 (20.0%) 4 (40.0%)*

10)

Total (n = 40) 29 (72.5%) 15 (51.7%) 24 (82.9%) 12 (41.4%)

465
466  *Significantly different within group (p-value < 0.05).

467  ° Significant different between non- neurologic CDV and neurologic groups‘(p-value < 0.05).

468 ¥ Significant different between neurologic CDV and neurologi
469 &%
470

471 \%

472 \

473 @

474 Q

475

476  Table 3: Frequency of CDV positive animals based on PCR test among different genders and age classes.

DV groups (p-value < 0.05).

27



477

478

479

480

481

482

483

PCR + (n=29)
Number of dogs carrying
Gender Age class(mo
the virus R
Male Female 1-3 3-6° 12<8
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17) \
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Neurologic CDV (n = 8) 4 (50.0%) | 4(50.0%) (12.5%) . 2 (25%) 0(0.0%) | 5(62.5%)*
Neurologic non-CDV (n=4) | 2 (50.0%) 2(5 %) 0 (0.0%) 1(25.0%) | 3(75.0%)"
Total (%) 15 (52.8%) c.z%) 4 (13.8%) | 12 (41.4%) | 4 (13.8%) | 9 (31.0%)
__
b
L\
*Significantly different w@l ku&—value <0.05).

$ Significant Ten%: non- neurologic CDV and neurologic CDV groups (p-value < 0.05).
ffe

¥Significant'di

e
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492  Figure 1: RT- PCR results on agarose gel (1%) electrophoresis of different samples by primer of NP and
493  H genes. Lanes M: molecular marker (100-bp ladder); lanes C-: negative control; lane 1 to 5: suspected

494  sample
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Figure 2: Phylogenetic relationship of the 13 CDV isolates from the study (solid squares) to other
reported viruses based on the full-length H gene. The phylogenetic tree was constructed using the

maximum-likelthood method in MEGAG®6.
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