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Abstract

Background: Accurate diagnosis of canine distemper (CD), a highly contagious and

acute viral disease, cannot be made solely based on clinical signs and haematological

findings, but serological and molecular methods compatible with clinical signs are also

required. The type of sample and method of tissue sampling are also very important.

Sometimes in chronic cases, the canine distemper virus (CDV) may not be detected in

blood and conjunctival specimens but can be detected in cerebrospinal fluid (CSF).

Objectives: The aim of this study was to evaluate and compare the suitability of CSF

samples with whole blood and conjunctival samples in the detection of CDV.

Methods: The CDV was detected in CSF, whole blood and mucosal specimens in 20

dogs with obvious neurological with or without systemic signs congruous with CD by

RT-PCR and rapid immunochromatographic (IC) antigen test kit assays.

Results: Rapid kit results were positive for mucosal swabs in 10 cases (50%) and for

CSF in 17 cases (85%); RT-PCR results from whole blood were positive in 11 cases

(55%) and fromCSF in 16 cases (80%).

Conclusions: Our results revealed that dogs with neurological signs showing simulta-

neous or recent systemic symptoms, whole blood, CSF andmucosal swabs are suitable

for the diagnosis of CDV by RT-PCR and rapid IC antigen test kits, but dogs with neu-

rological symptoms that are systematically asymptomatic or have had systemic signs

for a long time, whole blood and mucosal swabs are not good samples while CSF is a

good one.
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1 INTRODUCTION

Canine distemper virus (CDV) is the cause of a highly contagious and

lethal disease in several species of carnivores, including dogs (Zhao

et al., 2010). It belongs to the family Paramyxoviridae and is a mem-

ber of the genus Morbillivirus, which has an envelope, single-negative-

stranded RNA (ssRNA) that encodes H (haemagglutinin) and F (fusion

protein) glycoproteins (Beineke et al., 2009). Glycoprotein H acts as

a key protein, because the distemper virus interacts with the SLAM

receptor (which is located in lymphoid cells) through this protein and

leads to immunosuppression (Martella et al., 2008; Ruiz-Saenz et al.,

2019). Like most of the other enveloped viruses, CDV is susceptible to

an incompatible environment such as high temperature, sunlight or UV

light and disinfectants; thus, the CD is more common in cold climates

(Greene, 2012).

Canine distemper (CD) is mostly transmitted via oronasal aerosols

(Greene, 2012) and may cause multisystemic clinical signs in affected

dogs including prodromal (pyrexia, anorexia, lethargy), respiratory

(pneumonia, dyspnoea and or tachypnoea, nasal and ocular puru-

lent discharges), gastrointestinal (vomiting and diarrhoea), neurologi-

cal (encephalitis, seizure, myoclonus, paraparesis or tetraparesis) and

some miscellaneous disturbances (digital and nasal pads hyperkerato-

sis, keratitis, enamel hypoplasia and impetigo) (Greene, 2012; Martella

et al., 2008). The manifestation of these clinical signs depends on the

virus strain, environmental conditions as well as the age of the host

and its immune status; nevertheless more than 50% of cases are prob-

ably subclinical (An et al., 2008; Fischer et al., 2013; Greene, 2012).

Infection with this organism is more commonly described in unvacci-

nated puppies, and despite vaccination protocols, it remains a serious

peril in unvaccinated or even in some vaccinated dog populations (Ek-

Kommonen et al., 1997; Xue et al., 2019). Dogs that are carrying CDV

but showing no apparent signs of an illness can transmit it to suscepti-

ble dogs. Treatment is mostly unsuccessful; however, it should include

appropriate fluid therapy and antibiotics as well as corticosteroid in

some neurological forms. Unfortunately, the neurological form of the

disease, even with treatment, is often irreversible, progressive and

inexorable; in this case, euthanasia is proposed. Disease prevention by

focusing on vaccination, reducing stressful factors, quarantining and

maintaining a clean environment plays a key role in reducing the dis-

ease (Ettinger et al., 2017; Greene, 2012).

Rapid and precise diagnosis of CDVmakes it easier to treat and con-

serve the infected dogs and also prevents further transmission to the

vulnerable hosts. Therefore, it is important to choose a rapid and reli-

able diagnosticmethod. Variable signs of distemper and subclinical sta-

tus of the disease in some cases is the main challenge of diagnosing

the disease based on clinical and physical examination. Currently, rou-

tine laboratory and clinical findings are helpful for initial diagnosis but

not sufficient for confirmation of the infection (Fischer et al., 2013;

Saito et al., 2006). Recently, more sensitive and specific techniques

such as reverse transcriptase PCR (RT-PCR), real-time PCR, enzyme-

linked immunosorbent assay (ELISA), immunofluorescence assay (IFA),

neutralisation antibody (NA) test and rapid immunochromatographic

(IC) antigen test kits are available for rapid and definitive diagnosis of

CDV (Athanasiou et al., 2018; Babalola et al., 2015; Di Francesco et al.,

2012).

Antibody detection is often not beneficial in diagnosing the dis-

ease because previous vaccination and/or post-infection (PI) status can

interferewith the results. Consequently, diagnostic tests basedonanti-

gen or nucleic acid detection are more valuable and well-timed (Elia

et al., 2006). For this reason, rapid IC antigen test kit assay (fast, eco-

nomical and user friendly) and RT-PCR assay (high sensitive and spe-

cific) seem more applicable for diagnosis of CDV (Athanasiou et al.,

2018; Fischer et al., 2013).

Some of the challenges in CDV detection are choosing the best tis-

sue samples, early detection and reducing the cost of testing. In many

dogs with distemper, especially in chronic cases and the neurological

form of the disease, blood and mucus samples may not be helpful in

diagnosing the disease, and other samples, such as cerebrospinal fluid

or tissue samples, may be needed (Amude et al., 2006). Thus, the aim

of this study was to detect CDV RNA in mucosal, whole blood and

CSF samples to evaluate the suitability of these samples by RT-PCR

as a highly sensitive and specific assay and IC antigen test kit as a fast

and cheap assay from dogs with neurological with or without systemic

symptoms of distemper.

2 MATERIALS AND METHODS

2.1 Study conditions

This study was approved by ethics committee of Ferdowsi University

of Mashhad, Iran (https://ethics.research.ac,ir/IR.UM.REC.1399.121).

Twenty dogs with neurological signs of distemper with or without sys-

temic signs with a mean age of 12.4 months (range 2.5–48), mostly

unvaccinated (Chart 1) and 10 healthy dogs (as negative controls) were

admitted to the Veterinary Teaching Hospital, Ferdowsi University of

Mashhad, Iranwere inserted into this study. A thorough history includ-

ing recent vaccination, domicile and the date of symptoms onset was

obtained from the owners and an entire physical examination was per-

formed. The dogs’ individual data are listed in Table 1. Any endeavour

was made to eleminate the diseases causing analogous clinical signs

of CDV, including CPV, CAV type 1 and 2, lead poisoning, Bordetella

bronchiseptica and salmonellosis by obtaining a detailed history, clini-

cal signs and physical examination, disease progression, haematologi-

cal evaluation andRapid IC antigen test kits. Then, the owner’s consent

was obtained and the samples were collected by routine hospital pro-

cedures.

Whole blood samples (approximately 4 ml) were collected into

an EDTA-treated tube from the cephalic or jugular vein; afterwards,

animals were anesthetised with ketamine (10 mg/kg) and diazepam

(1 mg/kg) intravenously, and CSF specimens (approximately 1 ml)

were collected into 1.5 ml tubes without anticoagulant from cere-

bellomedullary cistern after disinfection with povidone-iodine and

70% ethanol. All blood and CSF specimens were stored immediately

https://ethics.research.ac
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CHART 1 Clinical signs of twenty suspected dogs in this study

after collection at –80◦C before RT-PCR analyses. Blood samples

were checked for routine laboratory parameters and rapid IC anti-

gen test kits (Anigen Rapid CDV Ag Test Kit, BioNote, Hwaseong,

Korea) were used. For this purpose, a mucosal swab (combination

of conjunctiva, pharynx and nose) was obtained and also 5 drops

of the collected CSF were used according to the manufacturer’s

instruction.

2.2 RT-PCR assay

2.2.1 RNA extraction

RNA was extracted from 2 ml of whole blood and 250 µl of CSF speci-

mens byBloodRNA isolation kit (DENAzist,Mashhad, Iran) andRiboEx

LS RNA isolation kit (GeneAll Biotechnology, Germany), respectively

according to the manufacturer’s instructions. DEPC-treated water

was used for negative controls. The RNA quality and quantity were

analysed by NanoDrop spectrophotometer (Thermo Scientific Nan-

oDrop) and electrophoresis in 1% agarose gel using loading buffers

6× (DENAzist, Mashhad, Iran) stained with DNA green viewer (Pars

Tous Biotechnology,Mashhad, Iran), respectively. An ideal qualification

rangewas obtained for eachmethod. The total amount of RNA isolated

varied between 20 and 1000 ng/ml (data are not shown).

2.2.2 cDNA synthesis

Forwhole blood samples, immediately after RNA extraction cDNAwas

made by cDNA synthesis kit (Pars Tous Biotechnology, Mashhad, Iran)

containing RT buffer, 1 mM dnTP mixture, 8 mM MgCl2, Oligo d(t)16,

random hexamer, thermostable H minus MMLV, RNAase inhibitor,

stabiliser and 5 µl of extracted RNA. For CSF samples, cDNA was

made by the AccuPower®CycleScript RT PreMix, lyophilised (Bioneer,

South Korea) using 20 µl of CSF RNA according to the manufacturers’

instruction.

2.2.3 PCR method

Oligonucleotidesprimerpairs previously reported forCDVRNAdetec-

tion [PP-I, PP-II andPP-III, to amplify ampliconsof 286, 259, and899bp

length of the CDV nucleoprotein (NP) gene sequence, respectively,

and one oligonucleotide primer pair for amplification of housekeeping

(GAPDH) gene sequence] were used in this study (Frisk et al., 1999).

Ultrapure sterile water was used as a negative control and a proven

sample by nucleotide sequencing was used as CDV positive control.

The PCR optimised as follows: denaturation at 94◦C for 1 min; 37

cycles of denaturation at 94◦C for 1 min, annealing at 59◦C for 2 min

and extension at 72◦C for 1 min; and the final extension at 72◦C for
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F IGURE 1 Detection of RT-PCR products in CSF: Lane 1, ladder; Lane 2, PP-II; Lane 3, PP-I (a) and in whole blood: Lane 1, ladder; Lane 2 and
Lane 3, PP-II (b) and in whole blood: Lane 1, ladder; Lane 2, PP-I; Lane 3, PP-II; Lane 4, PP-III (c)

5 min. The PCR products were checked by electrophoresis in 1.5% 1×

TBE buffer PH 8.4 agarose gel stained with DNA green viewer (Pars

Tous Biotechnology, Mashhad, Iran) at 80 volts for 90 min and visu-

alised under UV light (Figure 1). PCR products of one sample (dog

no. 6 of Table 1) and all oligonucleotides primers excepted antisense

of PP-I and antisense of PP-II were sequenced in Sanger sequenc-

ing protocol (Bioneer, South Korea). Nucleotide sequence alignment

and sequence quality were analysed using SnapGene software ver-

sion 3.2.1 without editing. Sequence resemblance was checked against

sequences deposited in the NCBI GenBank using the BLAST software.

The sequences determined in this study have been registered at the

GenBank and their accession numbers are shown in the results.

2.3 Rapid immunochromatographic antigen
test kits

Briefly, according tomanufactures’ instructions (Anigen Rapid CDVAg

TestKit, BioNote,Hwaseong, Korea), a combination of sterile swabwas

obtained from conjunctival, pharyngeal and nasal mucosa of each dog

and after dipping the swab in the solvent and stirring it, 4–5 drops of

this mixture (about 100 µl) were applied properly. For the CSF sam-

ples, after collecting the specimens under sterile conditions, 4–5 drops

were tested directly without diluting the samples with commercial

kits. The results were checked up to 5–10 min later, and if two purple

bands (control and test) appeared, the resultswere considered positive

(Figure 2).

F IGURE 2 Rapid immunochromatographic antigen test kits; a
negative result (a), an unsharpened test band in CSF (b) and a sharp
test band from amixture of conjunctival, pharyngeal, and nasal
swabs (c)

2.3.1 Statistical analysis

By assuming that the RT-PCR method represents a well-characterised

and highly specific method for detection of CDV RNA, the rapid IC
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antigen results were correlated with the results obtained with RT-

PCR assay. Therefore, sensitivity refers to the number of rapid IC anti-

gen positive samples for the group of CDV-positive dogs, whereas

specificity expresses the number of rapid IC antigen-negative samples

for the group of animals that were negative for CDV by the RT-PCR

method. The agreement between theRT-PCRand the ICwas examined

using kappa statistics.

3 RESULTS

3.1 Dogs’ characteristics

A sum of 20 dogs suspected to have distemper (test group) and 10

healthydogs (control group)wereused in this study (Table 1). Themean

age of the dogs in the patient group was 12.4 months old (range 2.5–

48 months) and the mean age of the dogs in the control group was

27.8 (range 9–60months). Nine of the sick dogs were male and 9 were

female and the sex of two of them was not recorded. Only one of the

dogs had been fully vaccinated (at least 60 days before the appearance

of the signs). Tendogswerepurebreds and10weremixedbreeds. Four-

teen dogs died or euthanized, five were recovered and the outcome of

one was unknown (Table 1).

Among18dogs (dogs no. 1–18)whosedistemper recognised at least

by IC or RT-PCR assays, 14 (77.7%) were referred in the cold season of

the year (fall or winter) and 4 (22.3%) in summer (Table 1).

All dogs in the present study had neurological signs with or without

systemic signs of CDV (Table 1). The most common neurological signs

were myoclonus (17 of 20: 85%) and spinal reflex abnormalities (9 of

20: 45%) and the most common systemic signs were respiratory signs

(11of 20: 55%) andocular discharges (9of 20: 45%) (Chart 1).Out of 20

dogs, 3 dogs manifested neurological signs approximately 2–3 weeks

after recovery from systemic signs, 3 dogs displayed neurologic signs

without a history of systemic involvement, 8 dogs showed neurologic

signs coincide via systemic illness and 6 dogs had an unknown history

of systemic signs. Detail characteristics and clinical signs of these dogs

are shown in Chart 1 and Table 1.

Haematological findings of infected dogs revealed that CBC values

varied from normal range to neutrophilic leucocytosis, regenerative

or degenerative anaemia, and mild-to-severe lymphopenia; however,

regenerative anaemia and lymphopenia were the most common find-

ings in infected dogs. It is noteworthy that all patients with lymphope-

nia and most dogs that had severe changes (increase or decrease) in

CBC values died early after diagnosis (Table 1).

3.2 CDV detection by rapid
immunochromatographic antigen test kits and
RT-PCR assays

Totally, in 18 out Of the 20 suspected dogs, distemper was confirmed

by at least one of the rapid IC or RT-PCR diagnostic methods. Rapid IC

kit results were positive frommucosal swabs of 10 cases andCSF of 17

TABLE 2 Positive results of RT-PCR by three primer pairs in 20
dogs with neurological signs of distemper

RT-PCR Sample GAPDH PP-I PP-II PP-III

CSF 20 6 13 4

Whole blood 20 7 10 4

sum 40 13 23 8

Note: The most sensitive primer pairs were PP-II, PP-I and PP-III, respec-

tively.

TABLE 3 Calculation of sensitivity and specificity of the rapid IC
kit assay compared to RT-PCR assay in CSF specimens

RT-PCR results

of CSF samples Sum

+ –

Rapid IC test kit results of

CSF samples

+ 15 2 17

– 1 2 3

Sum 16 4 20

Note: Per cent observed agreement = (15 + 2)/20 = 85%; sensitiv-

ity= 15/16= 93.8%; specificity= 2/4= 50%; Kappa= 0.48 (moderate).

cases and RT-PCR results were positive from whole blood of 11 cases

and CSF of 16 cases. In the test group, RT-PCR detected CDV RNA in

80% of CSF samples as 6 by PP-I, 13 by PP-II and 4 by PP-III. In whole

blood samples, CDV RNA was detected from 55% of samples as 7 by

PP-I, 10byPP-II and4byPP-III (Table 2). TheRT-PCR resultswereneg-

ative for all 10 dogs in the control group.

Although most RT-PCR results of whole blood samples revealed

sharp bands, most results of CSF samples revealed unsharp bands

(Figure 1).

3.3 Calculation of the sensitivity and specificity
of IC assay compared with RT-PCR assay

The RT-PCR assay as one of the definitive diagnostic methods of CDV

classified the results of the samples as valid positive or valid negative,

and if the results of the rapid IC test kits assay disagreed with RT-PCR,

the results were classified as invalid positive or invalid negative. There-

fore, the total sensitivity and specificityof rapid IC test kit assay forCSF

samples were 93.8% and 50%, respectively (Table 3).

3.4 Sequencing results

The sequencing results of all primers except antisense of PP-I and anti-

sense of PP-II in comparison via other disposal sequences inNCBIGen-

Bank disclosed the most nucleotide similarity level among the strains

to canine distemper virus strain HL N (GenBank accession number

EU489475.1) and canine morbillivirus strain PT61/Pt 2004 (GenBank

accession number KX774415.1). The sequences identified in this study

have been registered at theGenBank and the accession numbers are as
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follows:MZ707910 for PP-I, MZ798146 for PP-II andMZ802994S for

PP-III.

4 DISCUSSION

Canine distemper, an immunosuppressive viral disease, can entangle

respiratory, gastrointestinal and central nervous systems (CNS) and

cause clinical to subclinical symptoms. In this study, the most common

clinical signs were myoclonus (85%), respiratory signs (55%), spinal

reflex abnormalities (45%) and ocular discharges (45%). Although

myoclonus is one of the most important neurological symptoms of dis-

temper, it can be caused by other neurological disorders. Therefore,

accurate diagnosis of distemper is significant for choosing treatment

protocols (Amude et al., 2006). It is reported that canine distemper

virus induces downregulation of GABAA, GABAB andGAT1 expression

in brain tissue of dogs; thus one of the main causes of myoclonus in

CDV infections may be the blockage of postsynaptic inhibition in neu-

rons or a lack of metabolism of GABA (Çomakli et al., 2020). The dis-

temper mortality rate was high in this study (75%), probably because

all of the dogs had neurological manifestations, as some contents indi-

cate that thenervousdistemper is progressive and implacable (Ettinger

et al., 2017; Greene, 2012).

In the current study, in agreementwithÖzkul et al. (2004), therewas

a relationship between distemper with vaccination and environment

temperature. In the present study, 19 infected dogs had not been vac-

cinated or had incomplete vaccination history. However, one dog that

had a full vaccination history developed systemic and nervous distem-

per. This suggests that distemperdiseasemayalsooccur in a small num-

ber of vaccinated dogs; however, vaccination is one of the most effec-

tive ways to prevent the disease (Larson and Schultz, 2006; Zhao et al.,

2010).

In the present study, 77.7% of infected dogs were referred in the

cold seasons of the year. This indicates that inappropriate housing tem-

perature may increase the incidence of CDV during the cold seasons.

Likemost other enveloped viruses, CDV is susceptible to heat, UV light

and disinfectants. Therefore, it is predictable that the incidence of the

disease is higher in fall and winter (Greene, 2012).

The dogs’ origin can be a risk factor because 50% of suspected dogs

were referred from shelters or were stray dogs. This indicates that the

CDVcirculates among the dogs’ populations. So, disinfecting protocols,

quarantining of suspected animals and also vaccination can control and

reduce the CD outbreaks in kennels.

The ante-mortem diagnosis of distemper is based on history, clin-

ical signs and laboratory findings. Most CBC findings were included

neutrophilia, regenerative anaemia and marked lymphopenia; never-

theless, this procedure yields limited information and several other

diseases can cause these findings (Greene, 2012; Wang et al., 2017).

Therefore, a definitive diagnosis can be determined with various tech-

niques including serological, histopathological and molecular meth-

ods based on antibody, antigen or nucleic acid detection (Greene,

2012). Serological assays detecting antibodies (such as NA) can eval-

uate immunity against distemper, but are not practicable if the ani-

mal has been vaccinated or survived, because they may reveal false-

positive results (An et al., 2008; Jóźwik and Frymus, 2005). Today, the

development of RT-PCR facilitates the rapid and accurate recognition

of infectious diseases from biological samples (Fischer et al., 2013), but

it is a little costly. Currently, the rapid IC assays for diagnosing distem-

per disease are more attractive for clinicians since it is fast and cheap,

ubiquitous and approximately authentic, and yet easy enough that it

can be used even by owners at home (An et al., 2008).

In the present study, the sensitivity and specificity of the rapid IC

assay relative toRT-PCRwere93.8%and50% forCSF samples, respec-

tively. In another study, the sensitivity of this test was reported to be

100%. This high relatively sensitivity indicates that rapid IC test kits

can be easily used in dogs suspected of having distemper disease for

rapid and inexpensive diagnosis (An et al., 2008).

Some authors have been analysed different methods and samples

for isolation and confirmation of CD in dogs. A similar study on serum,

whole blood and CSF samples found that 82% of distemper positive

cases were recognised by PP-I, 53% by PP-II and 41% by PP-III (Frisk

et al., 1999). In the present study, the order of primer pairs sensitivity

wasPP-II, PP-I andPP-III. Variation in the population of dogs studied or

differences in virus strains may cause these differences in results.

Our results indicate that in dogs with neurological signs of CDV

with or without systemic involvement, the CSF samples are more sen-

sitive than mucosal swabs or whole blood samples for CDV detection

by both rapid IC andRT-PCR assays. In other studies, the CDVwas bet-

ter detected in urine samples than serumandblood leucocytes (Amude

et al., 2006; Elia et al., 2006; Saito et al., 2006).

Our results suggest that if a suspected dog recently manifests neu-

rological with systemic signs compatible with CDV, all mucosal, whole

blood and CSF samples may be good clinical specimens to detect CDV

by rapid IC antigen test kits or RT-PCR assays; and if a dog is referred

only with neurological symptoms or the neurological symptoms are

accompaniedby chronic systemic signs of distemper,whole blood is not

a good sample while CSF is a good one.

The CSF negative RT-PCR result of dog no. 10 in the present study

was probably false negative because its clinical and haematological

findings and the results of all other diagnostic tests were more indica-

tive of CDV infection (Table 1 and Chart 1). This may be due to the low

levels of CDV RNA in the sample, improper sample handing or RNA

extraction (Amude et al., 2006; Frisk et al., 1999). In the present study,

we attempted to rule out the false-negative results, since the sam-

pleswere kept at –80◦C immediately after collection and the extracted

RNAwas analysed as previously explained.

Although low viral loads of CDV in the CSF are adequate to cause

neurological symptoms of the disease, detection of viral antigen by

lower sensitive assays such as IC is more difficult than higher sensi-

tive methods such as RT-PCR and real-time PCR. Our investigation

revealed that althoughmost of the rapid IC resultswerepositive inCSF,

most of themwere less sharp thanmucosal samples (Figure 2). Parallel

results were obtained by RT-PCR assay between CSF and whole blood

samples (Figure 1).

As previously reported, the RT-PCR assay is more sensitive and

specific than IC assay because IC assay require high loads of viral
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antigen to make a sharp and conspicuous test band. So, this is one of

the limitations of IC assays for the detection of CDV antigen, especially

in the chronic phase of the disease or subclinically infected animals.

In that case, RT-PCR, real-time PCR or nested PCR is recommended.

Our curiosity in this study revealed that in some cases that the RT-PCR

results show a weak band, it is better to increase the cycle of the PCR

program for more duplication of the virus gene, and also use a lower

percentage of agarose gel (e.g. 1–1.5% instead of 2%) to visualise the

PCR products because non-sharped bands may be obscured by high

agarose gel percentage and mislead the clinicians to a false-negative

result.

5 CONCLUSION

Distemper suppresses the immune system and causes a high mortality

rate. Detailed history, complete physical examination, haematological

findings and rapid IC antigen test kits can be very helpful for defini-

tive diagnosis of distemper ante-mortem. If the haematological find-

ings reveal moderate-to-severe lymphopenia, the disease prognosis

will be poor. For detecting of CDV in a dog that has recentlymanifested

the neurological with systemic signs of distemper, all mucosal swabs,

whole blood and CSF are good samples while dogs show only neuro-

logical signs of distemper or those with neurological signs with chronic

systemic signs of the disease, whole blood and mucosal swabs are not

good samples; however, the CSF is a suitable one.
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