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Full Scientific Report

Canine distemper virus (CDV; Paramyxoviridae, Canine 
morbillivirus) causes one of the most common infectious dis-
eases of domestic dogs. CDV is also known to infect various 
other non-canine hosts sporadically, including a wide range of 
terrestrial and marine carnivores. Although commercial CDV 
vaccines have been available since the 1950s, there have been 
reports of cases of CDV in vaccinated dogs, and the incidence 
of CDV-induced disease is reported to be increasing in vac-
cinated dogs throughout the world.2,3,5,6,10,15,16,18,25 There has 
been much discussion regarding these vaccine breaks or 
CDV-induced disease in vaccinated dogs. Suggested reasons 
include improper handling of the vaccine that may reduce its 
effectiveness, maternal antibodies that may interfere with 
vaccine immunogenicity, or there may be antigenic differ-
ences among wild-type CDV strains and commercial vaccine 
strains.2,3,7,14,16

In a 5-y study (2008–2012) in Brazil, of 155 dogs that 
developed CDV-induced disease, 17 (12.2%) were vacci-
nated, 15 (9.6%) were not properly revaccinated or given 
boosters, 76 (49%) were unvaccinated, and the vaccine sta-
tus of the rest was unknown.3 These findings suggest that 
CDV-associated neurologic disease in dogs occurs in South 
America even though affected dogs have been vaccinated. 
There have been reports of CDV-induced disease in vacci-
nated dogs in other parts of the world, involving various 
vaccines, vaccines from different producers, and geneti-
cally diverse dogs.5,6,10 Severe nonsuppurative leptomenin-
gitis, with multifocal demyelination and hemorrhages, has 
been described in vaccinated adult dogs in North America.6 

Encephalitis, with gliosis, typical eosinophilic CDV inclu-
sion bodies, and minimal demyelination, has been described 
in New Zealand in Border Collie-cross littermates that were 
reported to have been vaccinated.5 Neither report5,6 com-
pared the effect of vaccination, such as vaccine titers or the 
time since vaccination. More information is needed to bet-
ter understand CDV-induced disease and its relationship to 
vaccination or animal immunocompetence.

We aimed to better characterize the pathologic changes in 
4 CDV-vaccinated dogs with CDV-associated neurologic 
disease in Uruguay. We analyzed the distribution and charac-
teristics of the CDV-induced lesions and the age and vaccina-
tion status of the dogs.

Materials and methods

Dogs

Case 1 was a 3-mo-old female Maltese dog that had been 
vaccinated by a veterinarian with commercial CDV attenu-
ated live vaccine (Providean Viratec 6CV; Tecnovax) at 45 
and 70 d old. Twelve days after the last vaccination, the dog 
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Abstract. We examined the cerebellum and cerebrum of 4 vaccinated dogs, 3–60-mo-old, that displayed clinical signs of 
canine distemper virus (CDV) infection, and died 7–40 d after developing neurologic signs. The main histologic lesions were 
demyelination, gliosis, meningitis, perivascular lymphocytic cuffing, and inclusion bodies. These lesions were similar in all 4 
cases regardless of the time since vaccination, except that meningoencephalitis and gliosis were subacute in 3 dogs and chronic 
in 1 dog. However, these differences did not appear to be related to their vaccination status. Immunohistologically, a CDV-
positive immunoreaction was seen mainly in astrocytes, neurons and their axons, lymphocytes around and in the blood vessels 
of the pia mater and choroid plexus, ependymal cells of each ventricle, and the cells of the choroid plexus. The histologic 
and immunohistologic changes were similar in the cerebellum and cerebrum. The genetic characterization of the virus strains 
in 2 of these naturally occurring canine distemper cases confirmed that they were South American wild-type strains (Kiki 
and Uy251) belonging to the EU1/SA1 lineage. These strains are not included in the commercial CDV vaccines available in 
Uruguay.
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developed diarrhea and fever. This was followed by cough-
ing, nasal and ocular mucopurulent discharge, and footpad 
hyperkeratosis. Myoclonus, ataxia, and paresis appeared 20 d 
post-vaccination (dpv; Table 1). Neurologic disease became 
more severe, and the dog died 27 dpv.

Case 2 was a 13-mo-old male, mixed-breed dog, reported 
to have been vaccinated by a veterinarian according to the 
recommended protocol with initial immunization followed 
by a booster 21 d later (Recombitek C6; Boehringer-Ingel-
heim). This dog also developed nasal mucopurulent dis-
charge as well as footpad and nose hyperkeratosis ~40 dpv. 
Severe neurologic disease appeared at 40 dpv, and the dog 
died ~55 dpv.

Case 3 was a 24-mo-old female Pitbull Terrier. The dog 
was reported to have been regularly vaccinated by a veteri-
narian with a yearly booster after the initial sequence of com-
mercial CDV attenuated live virus vaccine (the commercial 
vaccine name was not given in the history). This dog devel-
oped signs of distemper, including dyspnea and coughing, 
mucopurulent nasal discharge, and footpad hyperkeratosis. 
The dog developed myoclonus and paresis and died 25 d 
later.

Case 4 was a 60-mo-old male Labrador Retriever that 
was vaccinated by a veterinarian with yearly boosters of 
commercial CDV attenuated live virus vaccines until 3 y old 
(the commercial vaccine names were not given in the his-
tory). Nearly 2 y later, the animal developed diarrhea, vom-
iting, and nasal hyperkeratosis. Myoclonus, seizures, 
circling, compulsive gait, and stupor developed, and the dog 
died 25 d later.

Histopathology and immunohistochemistry

An autopsy was performed on all 4 dogs, and selected tis-
sues, including the brain and lungs, were fixed in 10% neu-
tral-buffered formalin and processed routinely for histologic 

examination. Tissue sections were stained with hematoxylin 
& eosin and Luxol fast blue (LFB) stains. For immunohisto-
chemistry (IHC), a mouse anti-CDV monoclonal primary 
antibody (MCA 1893, dilution 1:250; Bio-Rad) was used to 
detect CDV antigens. The primary antibody was incubated 
overnight at 4°C followed by HRP-polymer incubation in 
two 10-min steps, at room temperature, according to the 
manufacturer’s instructions (Mouse-on-canine HRP-poly-
mer; Biocare Medical). Positive antigen–antibody reactions 
were observed by incubation with 3,3′-diaminobenzidine tet-
rahydrochloride (DAB), as described previously.5 Slides 
were counterstained with Mayer hematoxylin and cover-
slipped.

The stages of the histologic lesions were categorized as 
acute, subacute, or chronic based on previous studies.1,8,11,19-24 
Briefly, acute lesions were characterized by focal vacuola-
tion, minimal gliosis, minimal perivascular cuffing and 
inclusion bodies, and the presence of CDV-positive cells. 
Subacute lesions included patchy demyelination, extensive 
gliosis, neuronal necrosis, prominent perivascular cuffing 
(2–3 layers of mononuclear inflammatory cells), prominent 
CDV inclusion bodies, and numerous CDV-positive cells. 
Chronic lesions were similar to those in the subacute stage 
but had increased neuronal degeneration and necrosis with 
perivascular infiltration of at least 3 layers.

Amplification of the Fsp-coding region and 
genetic characterization of the CDV strains

Brain samples from the dogs were subjected to TRIzol treat-
ment (Invitrogen, Life Technologies) to isolate CDV RNA. The 
first-strand complementary DNA was synthesized in cases 2 
and 3 (SensiFast cDNA synthesis kit; Bioline), according to the 
manufacturer’s instructions. Specific primers were used to 
amplify the Fsp-coding region (681 bp). The cycling conditions 
and primers, F4854: TCCAGGACATAGCAAGCCAACA and 

Table 1.  Clinical signs and histologic and immunohistologic changes consistent with canine distemper in 4 vaccinated dogs.

Case, sex, age Vaccination Neurologic signs

Days showing 
neurologic signs 
before death

Histopathologic and immunohistologic findings

Cerebellum Cerebrum Stage

1 F, 3 mo On vaccination 
plan

Myoclonus, ataxia, 
paresis

7 Demyelination, gliosis, 
meningitis, IB, cortical 
necrosis, CDV particles

Demyelination, gliosis, 
meningitis, IB, CDV 
particles

Subacute

2 M, 13 mo On vaccination 
plan

Myoclonus, 
nystagmus, 
quadriplegia

40 Demyelination, gliosis, 
meningitis, cuffing, IB, 
cortical necrosis, CDV 
particles

Demyelination, gliosis, 
meningitis, cuffing, 
IB, CDV particles

Chronic

3 F, 24 mo On vaccination 
plan

Myoclonus, paresis 8 Demyelination, gliosis, 
meningitis, cuffing, IB, 
CDV particles

Demyelination, gliosis, 
meningitis, cuffing, 
IB, CDV particles

Subacute

4 M, 60 mo Out of vaccination 
plan

Myoclonus, seizures, 
circling, compulsive 
gait, stupor

25 Demyelination, gliosis, 
meningitis, cuffing, 
CDV particles

Demyelination, gliosis, 
meningitis, cuffing, 
CDV particles

Subacute

F = female; IB = inclusion bodies; M = male.
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R5535: GGTTGATTGGTTCGAGGACTGAA, were used 
according to a previous report.18 The PCR products were 
sequenced (Macrogen, Seoul, Korea), and the sequences were 
aligned using BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

Results

The main histologic lesions were demyelination, gliosis, men-
ingitis, perivascular cuffing, and inclusion bodies (Table 1). 
There were no qualitative or quantitative differences between 
the cerebrum and cerebellum.

In all of the dogs, the most consistent change was demye-
lination (Fig. 1), which was easily assessed using LFB stain-
ing (Fig. 2). In the demyelinated areas, many astrocytes 
contained CDV-positive particles (Figs. 3, 4). Demyelination 

was most severe in periventricular white matter tracts and 
submeningeal neuropil; gliosis, particularly astrocytic gliosis, 
was commonly found nearby. Meningitis involving the pia 
mater was observed in all cases. Many of the mononuclear 
inflammatory cells with anti-CDV immunoreaction were 
detected in and around blood vessels in the pia mater; many 
more were present throughout the demyelinated and necrotic 
foci.

Cerebral and cerebellar necrosis with nonsuppurative 
meningitis was common in dogs 1 and 2 (Table 1). These 
animals also had intense submeningeal anti-CDV immunore-
activity that extended from the pia mater deep into the cor-
tex. A similar immunoreaction was detected in various 
neurons, including cerebellar cortical neurons (Fig. 5). Peri-
vascular cuffing was prominent in 3 cases. The perivascular 

Figures 1–4.  Canine distemper nervous system lesions in vaccinated dogs. Figure 1. Demyelination in the periventricular white matter 
of the cerebrum in case 4. H&E. Original objective 10×. Figure 2. Demyelination in the cerebrum of case 4. Same area as Figure 1. LFB. 
Original objective 10×. Figure 3. CDV-immunopositive cells in ependymal and other cells in the cerebrum of case 4. IHC against CDV. 
Original objective 40×. Figure 4. CDV-immunopositive particles in astrocytes in a demyelinated lesion in the cerebrum in case 1. IHC 
against CDV. Original objective 40×.

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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lymphocytic infiltration was 2–3 layers thick in cases 3 and 
4, and was more extensive, with >3 layers of thickness in 
case 2 (Fig. 6). Intranuclear inclusion bodies were detected 
in glia, ependymal cells, and neurons (Fig. 7); however, 
inclusion bodies were most common in astrocytes. From 

these findings, cases 1, 3, and 4 were considered to be in the 
subacute stage, and case 2 in the chronic stage.

Animals that had severe white matter demyelination and 
cortical necrosis also had decreased numbers of Purkinje 
cells (Fig. 8). In the cerebral cortex, there was intense anti-

Figures 5–8.  Canine distemper nervous system lesions in vaccinated dogs. Figure 5. CDV-immunopositive cells in the pia matter 
and throughout the molecular layer in the cerebellar cortex of case 1. IHC against CDV. Original objective 10×. Figure 6. Perivascular 
lymphocytic cuffing in the cerebrum of case 2. H&E. Original objective 10×. Figure 7. Intranuclear inclusion bodies in ependymal cells 
(arrow) in the cerebrum of case 4. High magnification of Figure 1. H&E. Original objective 100×. Figure 8. Necrotic area with Purkinje cell 
loss in the cerebellum of case 2. H&E. Original objective 40×.
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CDV immunoreactivity, both in neurons and their dendrites 
and axons. There were patches of degenerate neurons with 
anti–CDV-positive immunoreactivity in the cerebellum and 
cerebrum (Fig. 9). Anti-CDV immunoreactivity was also 
positive in epithelial cells and blood vessels of the choroid 
plexus. Furthermore, some mononuclear cells were CDV 
positive around and in the blood vessels of the pia mater and 
the parenchyma (Figs. 10–12).

The Fsp-coding region sequences obtained from the 
brains of cases 2 and 3 were aligned and compared to 
sequences in the NCBI database. The sequence of case 2 
(histologically classified as chronic) had nucleotide similar-
ity of 96.2% to the CDV isolate Kiki (Table 2). The sequence 
of case 3 (subacute) was 98.5% similar to CDV strain Uy251 
(Table 3).

Discussion

Histologically, the main lesions in our cases were demyelin-
ation, gliosis, meningoencephalitis, and inclusion bodies, 
consistent with a previous report.10 Unlike a previous report,6 
we did not observe hemorrhages. Our findings are similar to 
the basic histologic changes in an experimental infection 
study using specific pathogen–free dogs.21

We classified 3 cases as subacute and 1 case as chronic. 
The neurologic signs developed over 7–25 and 40 d in the 
subacute and chronic cases, respectively. Therefore, we con-
cluded that there was an association between the clinical 
signs and the histologic classification. In a report of 21 natu-
rally infected CDV dogs, cerebellar lesions were acute in 12, 
subacute in 5, and chronic in 4 dogs; 12 of these dogs died 
naturally, and 9 were euthanized. In the group of dogs that 

Figures 9–12.  Canine distemper nervous system lesions in vaccinated dogs. Figure 9. CDV-immunopositive particles in nerve cell axons 
and astrocytes in the cerebrum of case 4. IHC against CDV. Original objective 40×. Figure 10. Perivascular CDV-immunopositive cells in 
the cerebral pia mater in case 1. IHC against CDV. Original objective 10×. Figure 11. Intravascular and perivascular CDV-immunopositive 
cells in the cerebral pia mater in case 1. IHC against CDV. Original objective 40×. Figure 12. CDV-immunopositive cells in endothelial cells 
and in the blood vessel wall in the cerebellum in case 4. IHC against CDV. Original objective 40×.
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died naturally, all were found to have acute lesions. In 
another report, among 43 dogs infected with CDV, 11 (26%) 
dogs had acute encephalopathy, 4 (9%) had acute lesions 
with necrotic changes, 22 (51%) had subacute encephalitis, 
and 6 (14%) had chronic encephalitis.9,24

The 4 dogs that we examined all died naturally, without 
findings of the acute histologic stage. This may be because 
the dogs in our study were vaccinated. The differences, 
including the histologic stages between the unvaccinated 
and vaccinated dogs, are suggested to be important in con-
sidering the usefulness of vaccines, hence further investiga-
tion is needed. Furthermore, our cases differed from 
post-vaccinal CDV disease, which characteristically occurs 
in young dogs 1–3 wk after vaccination with commercial 
attenuated CDV vaccines.4,5 Post-vaccinal CDV disease is 
typically characterized by acute-to-subacute clinical pre-
sentation (1–5 d) or is seen as “old dog” encephalitis, which 

occurs as a consequence of long-term, subclinical, persis-
tent CDV infection.4

The invasion of CDV into the brain from other organs has 
been examined in previous reports.11,14 The main route of 
invasion is via infected lymphocytes trafficking through the 
blood–brain barrier; virus infects resident epithelial and 
endothelial cells.11 CDV-infected cells are first detected in 
the choroid vessels, the surrounding pia mater, and the cho-
roid plexus cells. Subsequently, virus spreads from the cells 
of the pia mater to the subpial gray matter.14 Once inside the 
brain, the virus is proposed to spread via the cerebrospinal 
fluid and may infect the ependymal lining cells of the ven-
tricles and, ultimately, glia and neurons. In our immunohisto-
logic results, the ependymal cells and endothelial cells of the 
blood vessels in the choroid plexus and pia mater were 
immunopositive to the anti-CDV antibody. Furthermore, 
CDV-immunopositive mononuclear cells were detected 

Table 2.  BLAST alignment of the Fsp-coding region from case 2 with existing sequences (NCBI database) and nucleotide similarity 
percentage (NSP).

Description Max score Total score Query cover E-value NSP Accession

Canine morbillivirus isolate CDV Kiki, complete genome 959 1,734 47% 0.0 96.2* MH484613.1
Canine morbillivirus strain BRA/UEL-05/03 fusion protein  

gene, partial cds
942 1,712 47% 0.0 95.7 KY057345.1

Canine morbillivirus strain BRA/UEL-MEG/14 fusion protein 
gene, partial cds

937 1,715 46% 0.0 95.6 KY057353.1

Canine morbillivirus strain BRA/UEL-18/03 fusion protein  
gene, partial cds

937 1,704 46% 0.0 95.6 KY057349.1

Canine morbillivirus strain BRA/UEL-15/03 fusion protein  
gene, partial cds

937 1,695 47% 0.0 95.6 KY057347.1

Canine distemper virus strain Uy251, complete genome 937 1,706 47% 0.0 95.6 KM280689.1

cds = coding sequences.
* High homology with the CDV isolate Kiki (Brazilian strain belonging to the EU1/SA1 lineage).

Table 3.  BLAST alignment of the Fsp-coding region from case 3 with the previously determined sequences (NCBI database) and 
nucleotide similarity percentage (NSP).

Description Max score Total score Query cover E-value NSP Accession

Canine distemper virus strain Uy251, complete genome 848 848 21% 0.0 98.5* KM280689.1
Canine morbillivirus strain BRA/UEL-MEG/14 fusion protein 

gene, partial cds
815 815 21% 0.0 96.9 KY057353.1

Canine morbillivirus strain BRA/UEL-LLK/16 fusion protein 
gene, partial cds

809 809 21% 0.0 96.7 KY057357.1

Canine morbillivirus strain BRA/UEL-ZNH/16 fusion protein 
gene, partial cds

809 809 21% 0.0 96.7 KY057356.1

Canine morbillivirus strain BRA/UEL-05/03 fusion protein  
gene, partial cds

808 808 22% 0.0 96.5 KY057345.1

Canine morbillivirus strain BRA/UEL-TCO/16 fusion protein 
gene, partial cds

804 804 21% 0.0 96.5 KY057358.1

Canine morbillivirus strain BRA/UEL-LLA/14 fusion protein 
gene, partial cds

798 798 21% 0.0 96.3 KY057354.1

cds = coding sequences.
* High homology with the canine distemper virus isolate Uy251 (Uruguayan strain belonging to the EU1/SA1 lineage).
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intravascularly or perivascularly in the pia mater and brain 
parenchyma. In addition, severe demyelination was evident 
in the periventricular and subcortical white matter and co-
localized with CDV antigen. These findings support move-
ment of the virus from the blood vessels into the brain 
parenchyma. Necrosis of cerebellar white matter with men-
ingitis was prominent in 2 cases, and these cases were 
accompanied by high CDV immunoreactivity from the pia 
mater to the deep white matter. This suggests that CDV 
entered the cerebellar cortex directly from the pia mater 
affected with meningitis, resulting in cortical necrosis. A 
CDV-positive immunoreaction in astrocytes was one of the 
characteristic findings in our study; the presence of CDV in 
many astrocytes is thought to be related to the mechanism of 
demyelination.11-13

With reduced or incomplete vaccination in domestic dog 
populations,16 as occurs frequently in some South American 
countries, herd immunity could be lower, increasing classical 
CDV cases in previously vaccinated dogs because of 
increased exposure.16 In Brazil3 and Uruguay,17,18 some spe-
cific CDV circulating wild-type strains were genotyped. All 
of them were found to belong to the EU1/SA1 clade and had 
important antigenic differences from CDV strains included 
in commercial vaccines.2,16 Our results confirm these 
reports.3,17,18 In our cases, 2 wild-type strains acting on the 
central nervous system in vaccinated dogs were found. Con-
sistent with a previous report,5 CDV disease in our cases was 
caused by wild-type strains not included in commercial vac-
cines, and not by post-vaccinal CDV disease. Our results 
highlight the relevance of CDV infection in Uruguay, the 
circulation of at least 2 wild-type CDV strains that are not 
included in commercial vaccines, the need to intensify cur-
rent control measures,3 and the need for specific CDV com-
mercial vaccines that include South American wild-type 
CDV strains.
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