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This article is a revised and expanded version of a paper entitled Epidemiological Characteristics and Risk 
Factors Associated with Neurological Manifestation of Canine Distemper Virus, which was presented at 
ACVIM 2024 Forum, Minneapolis, Minessota, June 6-8, 2024 [1]. 

Abstract: Canine distemper virus (CDV) is a critical disease in veterinary neurology, marked by high 
morbidity, mortality, and frequent neurological sequelae. This study aimed to identify 
epidemiological patterns and risk factors associated with neurological manifestations of CDV 
infection. CDV-naturally infected dogs with neurological signs were retrospectively analyzed and 
compared to a control group of dogs with other CNS diseases. Infection was confirmed using antigen 
tests, RT-PCR, and/or Lentz corpuscle observation. Clinical signs, seasonality, and vaccination 
protocols were documented. Prevalence, mortality, lethality, and survival rates were also 
determined. Younger dogs (p=0.0069; OR=-0.01438), Shih-Tzu (p=0.00007; OR=1.53774), and Lhasa 
Apso (p=0.000264; OR=1.76084) were more likely to develop neurological CDV signs. Most CDV-
infected dogs exhibited multifocal CNS involvement (10/17) and accompanying extra-neural signs 
(16/17). Motor deficits represented the most frequent neurological manifestation (13/17), while 
myoclonus was observed in only one-third (6/17) of the cases. Cases were more frequent in autumn 
(8/17), and many dogs had updated vaccination protocols (6/17). The prevalence, mortality and 
lethality of dogs with CDV were estimated at 4.72%, 1.94% and 47.06%, respectively. The median 
survival time was 754 days. Young adult dogs, particularly Shih-Tzu and Lhasa Apso, are more 
susceptible to neurological CDV manifestations, with the highest incidence in autumn. 
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1. Introduction 

Canine distempers are one of the most significant diseases in veterinary neurology due to their 
high morbidity, mortality, and neurological sequelae in domestic dogs [2–5]. The virus is transmitted 
primarily through aerosolized viral particles from infected secretions [6,7]. Traditionally, Canine 
Distemper Virus (CDV) was thought to affect dogs regardless of age, sex, or breed [8]. 

The frequency of infected dogs associated with risk factors, and the most common clinical 
manifestations remain poorly characterized. Clinical signs of CDV infection can include respiratory, 
gastrointestinal, ophthalmologic, dermatologic, and neurological signs [9,10]. While neurological 
involvement is common, it is not exclusive to CDV infection [11,12]. Diagnosis is based on clinical 
history, physical examination, and complementary tests, including blood and urine analysis, 
cerebrospinal fluid evaluation, and PCR antigen testing [13]. 
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No specific therapeutic protocol is available for CDV, and approximately 89% of dogs that 
develop severe clinical signs either die or are euthanized, particularly in cases involving the nervous 
system [10]. Epidemiological studies can improve disease control and treatment strategies [14]. This 
study aimed to identify epidemiological trends and risk factors associated with CDV-related 
neurological manifestations. 

2. Materials and Methods 

A retrospective analysis of medical records from the Neurology and Neurosurgery Service of 
the Veterinary Medical Teaching Hospital at the Federal University of Goiás was conducted. Cases 
were selected from January 2018 to December 2022 and categorized into distemper group (DG) or 
control group (CG). The DG comprised dogs with neurological signs confirmed via 
immunochromatographic antigen testing, RT-PCR, and/or the identification of Lentz corpuscles. The 
CG includes dogs with central nervous system (CNS) conditions but testing negative for CDV or not 
considered a differential diagnosis, such as in patients with peripheral nervous system disorders. 
Dogs with incomplete medical records or exhibiting clinical and/or laboratory indications of 
distemper that were not subjected to molecular testing were excluded from the study. 

Data collected of signalment (age, breed, weight, sex, and neutering status) were extracted from 
the medical records of both groups. Neurological signs in DG cases were categorized based on 
neurolocalization (forebrain, brainstem, cerebellum, spinal cord, or multifocal). Extra-neural signs 
were also recorded. Seasonal trends were analyzed based on the onset of clinical signs. Finally, 
vaccination protocols for core vaccines recommended by WSAVA [15] were reviewed. The protocol 
was classified as either updated (prime vaccination and annual booster) or outdated (absence of 
prime vaccination or annual booster) as usually practiced in Latin America [16]. 

The prevalence of CDV was determined by calculating the ratio of the number of dogs with a 
confirmed diagnosis to the total population of interest that visited the veterinary service during the 
study period, restricted to individuals who met the predefined inclusion criteria. Mortality was 
calculated by dividing the number of animals that died by the total number of animals included in 
the study. Lethality was calculated by dividing the number of dogs that died by the total number of 
infected animals (DG). Kaplan-Meier survival was calculated. 

The results were subjected to logistic regression analysis using the R software, with a 
significance level set at 0.05. The log-likelihood method was employed to estimate the parameters, 
and odds ratios were utilized to identify the influence of each predictor variable that best explained 
the occurrence of CD. Additionally, death, age, neuter status, breed, and sex were tested to see if they 
had a normal distribution and then organized in a binomial model to text if the death was influenced 
by the other factors. 

3. Results 

Of 412 dogs with CNS disorders, 12.38% (51/412) were excluded due to suspected CDV infection 
without confirmatory testing, and one case (0.24%) was excluded due to incomplete records. A total 
of 360 cases met the inclusion criteria, with 5.20% (17 dogs) assigned to the DG and 94.80% (343 dogs) 
to the CG. Diagnoses in the DG were confirmed by immunochromatography (3 cases), RT-PCR (13 
cases), and Lentz corpuscle identification (1 case). The estimated prevalence of CDV at the Neurology 
and Neurosurgery Service was 4.72%. Epidemiological data for both groups are summarized in 
Tables 1 and 2. 

Table 1. Epidemiological data for dogs diagnosed with CDV or other neurological disorders. 

Risk factor DG (n=17) CG (n=343) p-value 

Breed Pure = 10 
Mixed-breed = 7 

Pure = 201 
Mixed-breed = 142 

0.94338 

Gender Female = 8 Female = 181 0.39279 
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Male = 9 Male = 162 

Neuter status 
Yes = 4 
No = 13 

Yes = 134 
No = 208 

NI = 1 
0.72536 

Age 31±30 months 68±51 months 0.00690** 
Weight 6,4±4,2 Kg 12,4±11,8 Kg 0.08683 

Caption: CD: Control Group; DG: distemper group; NI: not informed; CDV: Canine Distemper Virus. ** p<0,01. 

Table 2. Breed distribution data for dogs diagnosed with CDV or other neurological disorders. 

Breeds DG (n=17) CG (n=343) p-value LOR 
Mixed breed 7 142 >0.05 -1.38053 

Shih-Tzu 5 37 0.00007*** 1.53774 
Lhasa Apso 3 6 0.000264*** 1.76084 

Pinscher 1 15 >0.05 -1.38053 
Australian Cattle dog 1 0 >0.05 -1.38053 

Others 0 143 >0.05 -1.38053 

Caption: CD: Control Group; DG: distemper group; CDV: Canine Distemper Virus; LOR: log odds ratios. *** 
p<0,001. 

Neurological signs were observed in all 17 DG cases (Table 3), with 76.47% (n=13) presenting 
paresis or plegia. Other common signs included altered mental state (47.06%), seizures (41.18%), and 
myoclonus (35.29%). Lesions were most frequently multifocal (59%), followed by forebrain (29%) and 
spinal cord (12%) involvement. Extra-neural signs were documented in 94.12% of the cases, 
predominantly gastrointestinal (41.11%), dermatological (23.52%), and respiratory (11.76%). Systemic 
signs occurred before the onset of neurological signs in 29.41% of cases, after in 35.29%, and 
simultaneously in 11.76%. The remaining 23.52% lacked timeline data. 

Table 3. Frequency of neurological and extra-neural clinical signs in dogs diagnosed with CDV or other 
neurological disorders. 

Types of signs Clinical signs Animals (n) Percentage (%) 

Neural signs 
(n=17) 

Paresis/plegia 13 76.47 
Altered mental state 8 47.06 

Seizure 7 41.18 
Behavioral change 7 41.18 

Ataxia 6 35.29 
Postural change 6 35.29 

Tremors 6 35.29 
Myoclonus 6 35.29 

Muscle hypotrophy 4 23.53 

Extraneural signs 
(n=16) 

Apathy 9 56.25 
Dehydration 7 43.75 

Ocular discharge 7 43.75 
Diarrhea and/or Vomiting 7 43.75 

Hyporexia/anorexia 6 37.50 
Hyperthermia 4 25.00 
Hyperkeratosis 3 18.75 
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Respiratory signs 2 12.50 
Enamel hypoplasia 1 6.25 

Nasal discharge 1 6.25 
Dermal pustules 1 6.25 

Caption: CDV: Canine Distemper Virus; * p<0,01. 

Neurological signs onset peaked in May, with autumn as the most common season (41.18%) 
(Figure 1). Vaccination protocols were up-to-date in 35.29% (n=6) of DG cases, outdated in another 
35.29%, and unavailable in 29.41%. 

 

Figure 1. Distribution of CDV-related neurological signs onset by month. Caption: CDV: Canine Distemper 
Virus. 

Mortality was 1.94% (8/412), and lethality within the DG was 47.06% (8/17). Median survival 
time was 754 days (Figure 2). Of the eight deaths, four occurred during the acute phase, three during 
the chronic phase due to neurological sequelae, and one had an undocumented cause. Mortality was 
not significantly associated with sex, age, breed, or neutering status. 

 

Figure 2. Kaplan-Meier survival analysis of 16 dogs diagnosed with CDV-related neurological disease. Caption: 
CDV: Canine Distemper Virus. 
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4. Discussion 

This study demonstrated that young adult dogs and specific breeds, namely Shih-Tzu and Lhasa 
Apso, are at higher risk of developing neurological manifestations of CDV. Seasonal clustering was 
also evident, with a higher incidence of cases in autumn. 

Although CDV is endemic in canine populations worldwide [7,17–19], few studies have focused 
on neurological manifestations and associated epidemiological risk factors. Our findings show a 
prevalence of neurological CDV of 4.72%, similar to previously reported CDV prevalence in general 
canine populations [8,14,19,20]. 

Despite a lethality rate of 47.06%, our study's overall mortality (1.94%) was lower than prior 
reports in the same region [21], potentially due to the specialized neurological care available at our 
center. This underscores the benefit of targeted care in managing CDV-related complications. 

Significantly, this study is the first to identify statistical associations between specific breeds and 
the likelihood of developing neurological CDV. Prior literature has often cited a high prevalence of 
CDV in mixed-breed dogs, likely reflecting broader environmental and socioeconomic factors rather 
than genetic susceptibility [9,20,21]. Our controlled comparison supports a genuine predisposition in 
Shih-Tzu and Lhasa Apso. 

Age also played a role, with younger dogs more likely to develop CDV. However, one case 
involved a 10-year-old, reinforcing that age alone is insufficient to rule out CDV infection. 

No significant associations were observed between neurological CDV and sex, weight, or neuter 
status, aligning with previous findings. An earlier study noted a possible link between obesity and 
seropositivity for CDV [8], but this may reflect confounding factors such as immunologic memory or 
non-specific ELISA results. 

Regarding clinical presentation, motor deficits were the most common neurological 
manifestation. Interestingly, myoclonus was less prevalent than in previous studies [21,22]. This is 
supported by previous findings where myoclonus was more frequently observed in dogs negative 
for distemper than in those positive for the disease [14], suggesting it should not be considered 
pathognomonic for CDV. Multifocal CNS involvement was common, with relatively rare cerebellar 
signs. The possibility of subclinical cerebellar involvement should not be excluded in positive cases 
[9,21]. 

The timing of systemic vs. neurological signs varied, with no consistent progression identified. 
This variation complicates early diagnosis and highlights the importance of a thorough clinical work-
up. The seasonal clustering observed in autumn aligns with literature suggesting increased CDV 
stability in colder temperatures and reduced host immunity during this period [23]. 

It is notable that over one-third of neurologically affected dogs had up-to-date vaccinations. This 
raises critical concerns regarding vaccine efficacy. Potential causes include antigenic mismatch, host-
related factors, or waning immunity, potentially linked to antigenic drift among circulating wild-type 
CDV strains, or outdated vaccine formulations [3,24]. Previous studies have documented 
polymorphisms in circulating CDV strains that may impact vaccine efficacy [10]. 

Limitations of this study include its retrospective design, reliance on available medical records, 
and the exclusion of suspected cases without molecular confirmation. Nonetheless, our findings 
provide novel insights into the epidemiology of neurological CDV. 

5. Conclusions 

The findings of this study underscore that distemper remains a significant concern for canine 
health, with high prevalence and mortality rates in affected animals. This highlights the importance 
of conducting epidemiological research and investigating the causes of vaccine failures. Furthermore, 
it emphasizes the need for discussions among professionals to establish standard operational 
protocols and with dog owners to stress the importance of mass prevention. Our findings underscore 
the importance of breed- and season-specific preventive strategies and advocate for further studies 
on vaccine performance and strain variability in CDV. 
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