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COMPARATIVE ANALYSIS OF DIAGNOSTIC METHODS FOR CASES OF CANINE DISTEMPER AND CHARACTERIZATION OF CLINICAL SIGNS IN PRESENTING PATIENTS
ABSTRACT
The study aimed to investigate the two aspects of canine distemper, a disease endemic and amongst leading cause of mortality in small animals First the study compared diagnostic methods commonly employed in the detection of canine distemper virus in suspicious cases and to also characterize the higly varied clinical signs present in dogs infected with canine distemper virus (CDV).  From 3905 dogs presented at the Veterinary Clinical Complex, NTR College of Veterinary Science, Gannavaram, 72 dogs showing clinical signs such as vomiting, diarrhoea, occulonasal discharges, cutaneous lesions, and neurological symptoms were selected. Among these, 44 dogs (1.13%) tested positive for CDV. The infection was multisystemic, with nervous symptoms observed in 97.72% of cases, followed by respiratory (68.18%), ocular (63.63%), cutaneous (52.27%), and gastrointestinal (GI) signs (38.63%). Mixed infections occurred in 90.90% of the dogs, suggesting systemic CDV spread. 
The rapid CDV antigen test kit showed a positivity rate of 28.84%, while PCR confirmed CDV in 61.11% of cases, with the antigen test having a sensitivity of 31.82% and specificity of 87.50%. The study underscores the complex, multisystemic nature of CDV, with a high prevalence of neurological involvement. Rapid antigen testing should be used in conjunction with PCR for accurate diagnosis. 
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1.         INTRODUCTION
           Canine distemper virus (CDV) is a highly contagious viral disease that affects multiple systems in dogs, with clinical manifestations influenced by the dog’s immune status  (Beineke et al. ,2009 and Kapil and Yeary,2011). Clinical signs of CDV infection are modulated by  virulence, environmental conditions, Immunity and a number of host-pathogen factors. Major organ systems affected include the respiratory, gastrointestinal, integumentary, and central nervous systems. Diphasic fever and general malaise are often associated with viremia. Infections, probably secondary to leukopenia, are common and may complicate the clinical course. Norrby and Oxman (1990) stated that the erythematous pruritic rash seen in CDV-infected dogs might be due to a cell-mediated immune response to infected endothelial cells, similar to the response observed in measles in humans.  Depending on the viral strain and the host's immunological conditions, variations in the clinical signs of the disease may occur. Dogs with CDV infection could   develop progressive nervous system disturbances, respiratory and gastrointestinal tract disorders (Beineke et al., 2008). The pathogenesis depends on humoral and cell mediated immune response of the host. If adequate antibody titers and cell mediated cytotoxicity of offending pathogen is present the dogs can clear the virus from tissues without clinical signs whereas dogs with poor immune response spread the virus to many tissues (Greene and Appel., 2006). Furthermore, the most notorious property of
Morbillivirus infection is the establishing of severe transitory immunosuppression (Messling et al., 2003). 
          The broad spectrum of clinical signs, not dissimilar from the signs observed in other respiratory and enteric diseases of dogs, hampers clinical diagnosis of canine distemper and renders necessary laboratory confirmation. Virus neutralization test, immune fluorescent assays, immuno chromatographic assays, enzyme linked immune sorbent assays (ELISA) and reverse transcriptase polymerase chain reaction (RT- PCR) are the various diagnostic techniques used. The present study was undertaken to study the clinical signs in affected dogs and to compare the  diagnostic efficacy of rapid test with PCR.
2. MATERIALS AND METHODS
Owners were enquired about the initial clinical signs and details of presence of behavioural changes and the data was recorded. Relevant information was ascertained from the clients by adopting a standardized questionnaire (Figure 1).
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Figure 1: Questionnaire for CD patients
In the current study a total of 3905 dogs of different breeds, age groups of either sex presented at the Veterinary Clinical Complex, NTR College of Veterinary Science, Gannavaram during the period between May 2021 to December 2021 were screened for canine distemper. Selection of dogs for the study was based on anamnesis and clinical symptoms attributable to canine distemper.
2.1 Clinical examination
Dogs presenting with gastrointestinal signs (vomiting, diarrhoea), ocular and nasal discharges, cough, nasal/digital hyperkeratosis, cutaneous signs, biphasic fever, and neurological symptoms such as seizures (either in single or mixed forms) were considered suspected cases of canine distemper (Buragohain et al., 2017) and screened accordingly and 72 dogs were selected. A thorough clinical examination, including vital sign assessment and a detailed neurological examination, was performed. The type and nature of discharges were observed, and seizure patterns (generalized, focal, myoclonus, chewing gum fits, temporal twitching) were recorded. Postural and gait abnormalities (head tilt, ataxia, limb weakness, circling) were also noted. The severity of the condition was evaluated using a modified version of the clinical scoring method described by Pohl and Mares (1987), with each symptom assigned a score of 1.0. The total score (clinical index score) was used to assess the severity of the disease.
Table1: Grouping of dogs based on clinical index score
	Symptoms
	Score

	No abnormality	
	0

	Abnormal behaviour
	1

	Postural defects
	1

	Gait abnormality
	1

	Isolated myoclonus
	1

	Myoclonus	
	1

	Focal seizure
	1

	Generalized seizure
	1

	Clinical index score & Severity
0-1 (Mild)
>1-3 (Moderate)
>3 (Severe)



2.2 Laboratory examination
          Oculonasal secretions, saliva whole blood and serum samples were collected from suspected cases of canine distemper and were subjected to laboratory examination and further diagnostic   tests. Whole blood was aseptically collected from the cephalic or saphenous veins of suspected dogs. Approximately 2 ml was placed in an EDTA vial and stored at -20°C for PCR analysis. 
2.2.1 Rapid canine distemper virus antigen detection test
Oculonasal discharges and saliva samples from suspected dogs were screened using the quickVET Rapid Canine Distemper Virus Antigen Detection Kit (ubio Biotechnology Systems Pvt. Ltd) as previously used by Bishor and Siyavudeen (2011).  This lateral flow immunochromatographic assay detects CDV antigen through a test (T) and control (C) zone. After applying the sample, the appearance of both T and C bands indicates a positive result, while only the C band signifies a negative result. Absence of the C band renders the test invalid.
The test procedure involves adding 10-15 drops of assay diluent to an Eppendorf tube, followed by collecting nasal fluid, saliva, or ocular secretions with a swab. The swab is then inserted into the diluent and agitated to ensure proper extraction without any precipitate. Three drops of the diluted specimen are added to the test card's sample well. Results are interpreted after 10 minutes, and the test is considered invalid after 15 minutes.
2.2.2 PCR assay
A total of 72 blood samples from suspected canine distemper cases were subjected to RT-PCR for confirmation, following the protocols outlined by Frisk et al. (1999) and Elia et al. (2006). Total nucleic acids (TNAs) were extracted using the ViraGEN Viral RNA kit (ubio) according to the manufacturer’s instructions. Multiple sequences of canine distemper virus (CDV) were aligned using BioEdit Sequence Alignment Editor, and primers targeting conserved regions of the virus were designed using Primer Premier 5.0 software (Table 2). Primer sequences were adopted from previous studies (Hao et al., 2019). For RNA extraction, 400µL Buffer VLB was added to 200µL of the sample. The mixture was pulse-vortexed, incubated at 75°C for 5 minutes, and then mixed with 450µL of ethanol. The sample was processed through a binding column, washed, and eluted with 50µL of pre-heated elution buffer. The RNA was stored at -20°C to -80°C.
The extracted RNA was reverse transcribed to cDNA using random primers and Moloney murine leukaemia virus (M-MLV) reverse transcriptase. DNA quality and quantity were assessed using a nanodrop spectrophotometer. For PCR amplification, a 20µL reaction mixture was prepared, following the method described by Hao et al. (2019) and DNA amplification was carried out using a thermocycler for the real-time detection of canine distemper virus (Table 3).
                                         Table 2: Primers used for amplification of DNA
	Virus
	Primer name
	Primer sequemce (5’ to 3’)
	PCR products

	CDV
	CDV – F
	AGATTCAGCCATTTGTAGCCA
	794 bp

	
	CDV – R
	GTTGGACTACCTGAGCCCTA
	



Table 3: The     conditions for the amplification of genus are as follows
	S No
	Step
	Temperature
	Time

	1
	Initial denaturation
	940 C
	2 min

	2
	Denaturation
	940 C
	1 min

	3
	Annealing
	570 C
	2 min

	4
	Extension
	720 C
	5 min

	Go to Step 2 x 40 cycles

	5
	Melt Curve
	650 C
	5 Sec



The percent accuracy of rapid CDV antigen test, Sensitivity and specificity of diagnostic tests using PCR as standard were also calculated 

 Percent accuracy =    X 100
Sensitivity =  
 Specificity =  

3. RESULTS 
The case sheet or questionnaire was meticulously structured to collect comprehensive clinical data on Canine Distemper cases. Its primary objectives were to document patient history, clinical symptoms, diagnostic results, and treatment responses. The aggregation of multiple completed case sheets enabled epidemiological studies, assessments of treatment efficacy, and the identification of patterns in disease progression. The Clinical observation recorded in canine distemper infected dogs were depicted  in Table 4. The mean temperature (°F) and Respiratory rates (breaths/min) of infected dogs was significantly higher (P<0.01) compared to healthy dogs. 
Table 4: Clinical observation recorded in healthy dogs and CD infected dogs 
	Parameters
	Healthy control
      (n=8)
	CD infected dogs
(n=44)

	Temperature (0 F)
	101.38 ± 0.28

	103.07 ± 0.20**

	Heart rate (per min)
	103.12 ± 3.17

	106.48 ± 2.37

	Respiratory rate (per min
	22.12 ± 0.77

	30.93 ± 0.89**


*Means differ significantly (P˂0.05) between healthy and infected dogs.
** Means differ significantly (P˂0.01) between healthy and infected dogs

         In dogs infected with canine distemper, 56.81% showed elevated temperature, and 43.10% had enlarged lymph nodes. Dyspnoea was observed in 52.27%, tachycardia in 13.63%, and bradycardia in 2.27%. Pale mucous membranes were noted in 25%, and congestion in 50%. Dehydration occurred in 25%, while hypersalivation was seen in 40.90%. Neurological signs were the most common, affecting 97.72% of cases, followed by respiratory signs (68.18%), ocular signs (63.63%), cutaneous signs (52.27%), and gastrointestinal (GI) signs (38.63%). Mixed-form infections, involving multple systems, occurred in 90.90%. (Table 5). 
Table 5: System wise distribution of clinical signs (n=44)
	Particulars
	No of dogs
	Percentage

	GI signs
	17
	38.63

	Respiratory involvement
	30
	68.18

	Ocular signs
	28
	63.63

	Cutaneous signs
	23
	52.27

	Nervous signs
	43
	97.72

	Mixed form
	40
	90.90



Vomiting, diarrhoea, or both were reported in 17 dogs with GI signs. Among those with respiratory signs, 66.67% exhibited serous nasal discharge, 6.67% mucoid, and 10.00% mucopurulent discharge, with 40% experiencing cough. Ocular signs included mucous discharge (85.71%) and conjunctivitis (10.71%). Cutaneous signs such as erythema (56.52%), pustules (30.43%), and papules (13.04%) were also recorded. Digital and nasal hyperkeratosis was seen in 8.70%. Neurological signs included ataxia and seizures in 53.48%, limb weakness in 41.86%, chewing gum fits and myoclonus in 34.88%, and temporal twitching in 32.56% (Figure 2). Behavioural changes, head tilt, hyperesthesia, and circling were less frequent. Assessment of severity based on clinical index score revealed mild in 9, 22 moderate, and 13 severe cases, with systemic involvement in 90.90% of infected dogs (Figure 3).

Figure 2: Neurological signs in canine distemper infected dogs


Figure 3: Combination of systemic manifestations seen in canine distemper infected dogs 
In this study, rapid antigen canine distemper kit and PCR assay were employed to diagnose canine distemper in dogs and PCR was taken as gold standard to confirm the dogs infected with canine distemper. Samples from 52 dogs were tested using rapid CDV Ag test kit which revealed 15 samples were positive which accounted for 28.84 per cent.
            Blood samples from 72 dogs were subjected for Real Time PCR. Among the 72 samples, 44 samples were positive for canine distemper virus by polymerase chain reaction with 61.11 per cent positivity. The diagnostic efficacy of rapid antigen canine distemper kit was compared with the standard PCR assay. The percent accuracy of rapid antigen kit was 40.38. and the sensitivity and specificity of the test was 31.82 per cent and 87.50 per cent respectively (Table 6).
Table 6: Percent accuracy, sensitivity and specificity of rapid CDV antigen test, using PCR assay as standard
	S No
	Name of the diagnostic test
	Total no of samples examined
	Total positive samples
	Test results as compared to PCR assay
	Percentage accuracy
	Sensitivity
	Specificity

	
	
	
	
	No of true positive
	No of true negative
	No of false positive
	No of false negative
	
	
	

	1
	Rapid antigen test kit
	52
	15
	14
	7
	1
	30
	40.38
	31.82
	87.50

	2
	PCR assay
	72
	44
	44
	28
	0
	0
	100
	100
	100


4. DISCUSSION
Significantl elevation of body temperature and respiratory rates observed were consistent with previous studies by Buragohain et al. (2017) and Amude et al. (2018). Among the dogs infected , 56.81% had an elevated temperature, 43.10% exhibited enlarged lymph nodes, 52.27% showed dyspnea, 13.63% had tachycardia, and 2.27% had bradycardia. Similar findings were reported by Behera et al. (2014), who documented pyrexia in 50.0% and dyspnoea in 60.0% of affected dogs. Biphasic fever, often associated with the virus' proliferation in lymphoid organs with a second temperature rise due to secondary bacterial infections caused by immunosuppression.
The increase in heart and respiratory rates in this study might be attributed to elevated body temperature, dehydration, and anaemia, contributing to increased cardiac output and tachypnoea. Anaemia, reflected in pale mucous membranes in 25.0% of dogs, could result from erythroid hypoplasia, as reported by Ezeibe and Udegbunam (2008). Dehydration in 25.0% of the dogs likely stemmed from fluid loss and adipsia, while hypersalivation, observed in 40.90% of the dogs, was characteristic of the neurological phase (Greene and Appel, 2006). The infected dogs displayed various clinical signs characteristic of canine distemper, with nervous signs in 97.72%, respiratory involvement in 68.18%, ocular signs in 63.63%, cutaneous signs in 52.27%, and gastrointestinal (GI) signs in 38.63%. These findings aligned with those of Jozwik and Frymus (2002) and Koutinas et al. (2002), who also noted the systemic nature of the infection, often involving multiple body systems. Mixed-form of infections were observed in 90.90% of dogs, consistent with studies by Behera et al. (2014) and Budaszewski et al. (2014), where the systemic intracellular spread of the virus involved the GI tract, urinary tract, skin, endocrine, and nervous systems (Beineke et al., 2009). Among the dogs with gastrointestinal signs, 29.41% had vomiting, 41.17% had diarrhea, and 29.41% experienced both. Respiratory signs, such as serous nasal discharges (66.67%), mucoid (6.67%), and mucopurulent discharge (10.00%), were observed, with coughing in 40.00% of the dogs. These findings supported the reports of Saaed and Al-Obaidi (2021) and Budaszewski et al. (2014). Ocular signs, such as mucous ocular discharge (85.71%) and conjunctivitis (10.71%), were also observed, similar to findings by Latha et al. (2007).
Cutaneous signs, including erythematous lesions (47.82%), pustules (21.73%), and papules (8.69%), were observed, along with digital and nasal hyperkeratosis (4.34%)gained support by the  reports of Norrby and Oxman (1990 ) and Koutinas et al. (2002)  who documented  hyperkeratosis due to the virus entering keratinocytes. Neurological signs such as ataxia and seizures were predominant, seen in 53.48% of cases. Myoclonus, chewing gum fits, limb weakness, and abnormal gait were also frequently reported. These findings were consistent with those of Galan et al. (2014), who described neurological damage caused by CDV affecting the central nervous system's grey and white matter. The severity of nervous signs in infected dogs was assessed using a clinical index score. Based on this, 9 dogs were classified as having mild symptoms, 22 as moderate, and 13 as severe. The degree of neurological involvement depended on the systemic immune response mounted by the host (Greene and Appel, 2006).
Lateral flow assays offer low-cost, rapid, and portable detection devices for biomedicine, agriculture, food, and environmental sciences, with potential for instantaneous diagnosis (Koczula and Gallotta, 2016). Rapid lateral flow immunoassay for fluorescence detection detects CDV within 5 minutes and has a detection limit threshold of 3 μ 102 TCID50/mL, making it a significant advancement for rapid diagnosis at the point of care (Cao et al., 2024). Recombinase polymerase amplification-lateral flow dipstick (RPA-LFD) designed for rapid detection of canine distemper virus is simple to use and has high specificity and sensitivity (Zhang, et al., 2024).
For diagnostic confirmation, rapid antigen tests and real-time PCR were employed. The rapid antigen test had a positivity rate of 28.84%, while PCR confirmed CDV in 61.11% of cases. Sensitivity and specificity of the rapid antigen test were 31.82% and 87.50%, respectively, with PCR being the gold standard for detecting CDV, as supported by studies from Elia et al. (2006) and Grant et al. (2009). False negatives in rapid testing were attributed to low viral antigen levels, particularly in dogs in the later stages of the disease (Shabbir et al., 2010). 
5. CONCLUSION
This study highlights the severe multisystemic impact of canine distemper virus (CDV) on infected dogs, with predominant involvement of the nervous system, followed by respiratory, ocular, cutaneous, and gastrointestinal signs. The high prevalence of nervous symptoms and the involvement of multiple systems in majority of the cases emphasize the systemic nature of CDV. Rapid antigen testing should be used in conjunction with PCR for accurate diagnosis. 
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