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da cinomose canina na auséncia de sinais sistémicos e mioclonia. 2005. 111f. Dissertagdo
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RESUMO

O diagnéstico clinico da encefalomielite pela cinomose em caes ¢ dificil nos casos em que os
sinais sistémicos e a mioclonia estdo ausentes. Nessa situa¢do, o apoio laboratorial é necessario
para confirmar a doencga, no entanto os métodos disponiveis para o diagnostico ante mortem da
cinomose tém valor limitado. O conhecimento sobre as possiveis apresentagdes clinico-
patologicas, assim como a evolugdo das sindromes clinicas causadas pelo virus da cinomose
canina (CDV), ¢ importante para o reconhecimento clinico e diagnostico etioldgico especifico
ante e post mortem. O objetivo desse estudo foi reconhecer e apresentar as sindromes clinicas da
cinomose canina, avaliando os exames hematoldgicos e liquoricos, as sec¢des histopatologicas, e
o resultado do exame neuroldgico de caes com encefalomielite pelo CDV apresentados
exclusivamente com doenca neuroldgica sem mioclonia, e verificar se esses dados laboratoriais e
clinicos contribuem ou nao para um diagnostico etioldgico. Foram prospectivamente investigados
20 caes apresentados com déficits neuroldgicos sem os sinais comuns da cinomose (sinais
sist€émicos e mioclonia) no momento da admissdo hospitalar, nos quais o hemograma e a
avaliacdo do liquor foram realizados ante mortem, e no post mortem amostras de SNC foram
obtidas na necropsia. Oito dos 20 caes foram diagnosticados, por RT-PCR e histopatolologia,
com encefalomielite pelo CDV. De acordo com os sinais neuroldégicos e curso clinico, esses 8
caes com encefalomielite pela cinomose foram agrupados em 3 sindromes clinicas: Encefalite do
cao velho (ODE) (1), encefalomielite do cao jovem (CDEID) (1), e encefalomielite multifocal do
cdo adulto (MDEMD) (6). Alteracdes no exame hematologico, quando verificadas, foram
consideradas nao-especificas, no entanto a avaliagao do liquor sugeriu a infecg¢do viral devido a
uma pleocitose linfocitica. No post mortem, lesdes desmielinizantes foram uma constante no
SNC e a encefalomielite cronica foi predominante nos casos de encefalomielite pelo CDV.

Palavras chaves: Caes. Virus da cinomose canina. Encefalomielitie.



AMUDE, A .M. Neurological and laboratorial evaluation of canine distemper virus
encephalomyelitis cases in the absence of systemic signs and myoclonus. 2005. 111f.
Dissertacdo (Mestrado em Ciéncia Animal) — Universidade Estadual de Londrina, Londrina,
2005.

ABSTRACT

The clinical diagnosis of distemper encephalomyelitis in dogs is difficult in cases which systemic
signs and/or myoclonus are absent. In such cases a laboratory assay is required to confirm this
disease, however the methods available for an ante mortem diagnosis of distemper to date are of
limited value. The knowledge about canine distemper virus (CDV) encephalomyelitis possible
clinicopathological features, as well the course of the CDV clinical syndromes are important for
clinical recognizing and specific etiological diagnosis ante and post mortem. The aim of this
study was to recognize and present the clinical syndromes of canine distemper, and to evaluate
the hematological parameters, CSF evaluation, and CNS histopathological section as well the
results of the neurological examination, from dogs with CDV encephalomyelitis presented
exclusively with neurological disease without myoclonus, and verify if and how these parameters
contribute to an etiologic diagnosis. Were prospectively investigated 20 dogs presented with
neurological deficits without the common CDV signs (systemic signs and myoclonus) at the time
of hospital admission, in which the hemogram and CSF evaluation were performed ante mortem,
and at post mortem were obtained CNS samples at necropsy. Eight out of 20 dogs were
diagnosed, by RT-PCR and histopathology, as suffering from CDV encephalomyelitis.
According to the neurological signs the 8 dogs suffering from distemper encephalomyelitis were
grouped in three clinical syndromes: Old dog encephalitis (ODE) (1), canine distemper
encephalitis in immature dogs (CDEID) (1), and multifocal distemper encephalomyelitis in
mature dogs (MDEMD) (6). Changes in hematological parameters, when observed, were
considered non-specific, nevertheless the CSF evaluation could suggest CDV infection in dogs
suffering from CDV encephalomyelitis, by a lymphocytic pleocytosis. At post mortem,
demyelinating lesions was a constant finding in CNS sections and chronic CDV
encephalomyelitis was predominant in the distemper dogs.

Keywords: Dogs. Canine distemper virus. Encephalomyelitis.
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Abstract

Canine distemper is a systemic infection, frequently lethal in dogs. The canine distemper virus
(CDV) causes a persistent infection of the central nervous system resulting in a progressive,
multifocal demyelinating disease. In dogs, CDV infection can result in gastrointestinal and/or
respiratory signs, frequently with central nervous system involvement. Myoclonus has been a
common and characteristic sign observed in dogs with distemper encephalomyelitis. However,
the nervous deficits may occur in the absence of myoclonus and systemic involvement. The
clinical diagnose of distemper is often difficult when systemic signs preceding or accompanying
the neurological disease is absent. This review will point the clinical course and the neurological
signs of nervous distemper, as well the clinical syndromes of CDV infection, neuropathology of
acute and chronic demyelination, and diagnostic aids of CDV encephalomyelitis.

Keywords: Nervous distemper. Canine distemper virus. Encephalomyelitis.
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INTRODUCTION

Different causes such as degenerative, metabolic, autoimmune, nutritional, inflammatory,
infectious, toxic and vascular may lead to a neurological disease. In dogs, among infectious
causes, viral disease such as canine distemper can be involved on the pathogenesis of lesions in
the central nervous system (CNS) (Braund, 2001).

Canine distemper is a systemic disease caused by canine distemper virus (CDV), frequently
lethal in dogs, other non-domestic carnivores and some marine mammals (Summer and Appel,
1994). The CDV is a non-segmented, negative single-stranded RNA virus, closely related to
measles virus and rinderpest virus, two other members of the genus Morbillivirus of the
Paramyxoviridae family. The virion is relatively large (150-240 nm), surrounded by a lipoprotein
envelope derived from virus glycoproteins incorporated into the cell membrane (Fauquet et al.,
2004). The virus leads a multisystemic infection, which is often associated with viral spread to
the CNS, resulting in a progressive, multifocal demyelinating disease (Muller et al., 1995;
Meertens et al., 2003).

CDV is generally transmitted as an aerosol infection to the upper respiratory tract. The
primary virus replication takes place in the lymphoid tissues. Infection of these tissues is
associated with severe long lasting immunossupression. At about 10 days post infection (p.i.),
CDV starts to spread from the sites of primary replication to various epithelial tissues and the
CNS (Vandevelde and Zurbriggen, 1995). During viraemia CDV infects the brain in the
majority, if not all cases, regardless of the clinical signs (Summer et al., 1995).

In dogs, CDV infection can result in subclinical infection, or clinical disease characterized by
gastrointestinal and/or respiratory signs, known as epithelial or systemic signs of distemper,
frequently with CNS involvement. The virulence of the virus strain, the age and the

immunocompetence of the dog determine the course and outcome of the disease (Tipold et al.,
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1992; Greene and Appel, 1998). In clinical studies epithelial signs of the disease such as
vomiting, diarrhea, and respiratory signs are common clinical findings in dogs with CDV
encephalomyelitis (Okita et al., 1997; Moritz et al., 2000; Koutinas et al., 2002; Moro et al.,
2003; Gebara et al., 2004 a/b). When systemic signs are preceding or accompanying the
neurological disease, distemper is often a probable suspected as diagnosis (Moritz et al., 2000).
However, such classical presentation is not the rule. Nervous signs may also occur without any
other systemic signs (Baumgértner et al., 1989; Tipold, 1992, Tipold et al., 1996). Myoclonus, a
high suggestive sign of nervous distemper, may be also absent (Tipold et al., 1992; Vandevelde
and Cachin, 1993). According to Tipold et al. (1994) in patients with only neurological signs, the
CDV infection is only one possible differential diagnosis. Nevertheless, in areas where CDV is
endemic, this virus should be always considerate as an important differential diagnose in dogs
with progressive and multfocal neurological disease, even when the typical CDV systemic signs
(vomiting, diarrhea, and respiratory signs) and myoclonus are not present (Amude et al., 2005 c).
When the neurological examination suggests a progressive and multifocal neurological disease
the inflammatory and infectious causes should be always considerate.

It had been claimed that neurological signs of CDV might occur much later (months or years)
after the systemic infection, as a “post infectious encephalitis”. This concept had been used to
justify some situations where the clinical course was restricted to the neurological disease. In
spite of this there is no experimental evidence at all to support this notion (Tipold et al, 1992;
Vandevelde and Zurbriggen, 1995). We were able to detect the CDV in different biological
samples (urine, whole blood, cerebrospinal fluid, CNS fragments) from distemper dogs with
neurological presentation in which the typical systemic signs of the disease were absent during
the clinical evolution. In most of these cases (4/5) the virus was detected in urine (Amude et al.,

2005 a). This result in spontaneous cases of nervous distemper suggest that at the moment of the
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clinical presentation, even in cases which there are only neurological signs, the animals are
undergoing a systemic infection or the infection had just been a recent event, since the virus still
was identified in the urine of the animal with this clinical presentation restricted to the nervous
fase.

Despite the relative large literature about neuropathology, immunology and laboratorial
findings on nervous distemper, there are only a few indepth studies on the clinical neurology of

distemper involving the neurological signs (Tipold et al, 1992).

CLINICAL COURSE AND NEUROLOGICAL SIGNS

The neurological manifestation of distemper may occur simultaneously to the systemic signs
or begin 1 to 3 weeks after recovery from systemic illness (Greene and Appel, 1998). The
systemic signs include decreased appetite, fever, serous oculonasal discharge, coughing, dyspnea,
vomiting and diarrhea. These signs can occur in various combinations. Nervous signs may also
occur without any other signs. The clinical signs, course of the disease, and the type of nervous
system involvement vary depending on virulence of the virus strain, environmental conditions,
and the host age and immune status (Shell, 1990; Tipold et al., 1992; Greene and Appel, 1998).
Neonatal pups and immunodeficient dogs are more prone to develop neuronal necrosis, while
older or more immunocompetent dogs develop demyelination (Shell, 1990).

On clinical examination about 2/3 of the animals are presented with extraneural signs,
including conjunctivitis and fever, respiratory signs, gastrointestinal involvement, tonsillitis, and
cachexia. In a 1/3 of the dogs no extraneural signs are found on the physical examination (Tipold
etal., 1992).

The type of the neurological signs depends on the CDV distribution in the CNS and

localization of the lesions, nevertheless a clinicopathological correlation is often lacking
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(Vandevelde and Cachin, 1993, Koutinas et al., 2002). CDV affects both white and gray matter
into the CNS. Thus a variety of neurological signs may be observed, including behavioral
changes, seizures, cerebellar (head and body ataxia, intentional tremor, hypermetria) and
vestibular signs (head tilt, falling, circling, nystagmus), visual deficits, paresis, paralysis, limb
weakness, and myoclonus (Tipold et al., 1992; Vandevelde and Cachin, 1993; Tipold et al.,
1996). Although the clinical signs of seizures depend on which part of the cerebrum is affected,
many seizures are described as “chewing-gum fits” (Shell, 1990). Signs of leptomeningitis, such
as cervical rigidity and generalized hyperesthesia, may also occur (Greene and Appel, 1998;
Koutinas et al., 2002). Neurological signs may be acute or chronic, however are typically
progressive (Greene and Appel, 1998; Vandevelde and Cachin, 1993).

Generalized or localized myoclonus has been shown a common and characteristic sign
observed in dogs with distemper encephalitis (Moritz et al., 2000; Frisk et al., 1999; Braund,
2001; Koutinas et al, 2002; Moro et al, 2003). It is characterized as a rhythmic jerking of single
muscles or muscle groups. Although myoclonus is highly suggestive of nervous distemper, it is
absent in more than half of the cases (Tipold et al., 1992). Experimental studies have shown that
focal spinal cord lesion may be responsible for this sign. It is speculated that the site of damage
is the lower motor neurons of the spinal cord or the cranial nerve nuclei. It is also possible that a
basal nuclei lesion may initiate myoclonus by establishing a “pacemarker” in the cord or
brainstem (de Lahunta, 1983). The mechanism of myoclonus in distemper is not well understood.
In a clinicopathologic study 5 out of 13 spontaneous distemper cases with myoclonus, no lesions
were found in the neural gray column of the relevant spinal cord segments to account for the
presence of myoclonus (Koutinas et al, 2002).

In several studies involving natural-occurring nervous distemper, systemic signs

simultaneously to the neurological disease have been the most common clinical course, as well
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seizures and myoclonus have been considered the most frequent neurological findings (Frisk et
al., 1999; Moritz et al., 2000; Headley and Graga, 2000; Koutinas et al., 2002; Moro et al., 2003;
Gebara et al., 2004 a/b; Saito et al., 2005 a/b). Nevertheless these clinical findings may result
from a bias of selection, since the authors considered as inclusion criteria classical clinical
findings of distemper. The classical distemper presentation is not the rule (Tipold et al, 1992).
Authors about nervous distemper had been claiming that the typical systemic findings are
absence in about half of the cases (Vandevelde and Cachin, 1993), and myoclonus may be absent
in more than half of the cases (Tipold et al., 1992). Seizure is cortical and subcortical signs often
observed in immature dogs infected with CDV, however it is not an usual finding of mature dogs
suffering from CDV encephalomyelitis (Shell, 1990; Braund, 1994; Braund, 2001). We were able
to recognize distemper in animals with neurological presentation without myoclonus and in the
absence of previous or concomitant systemic disease (Amude et al., 2005 a/b/c).

The distemper encephalomyelitis usually is a multifocal neurological disease, and the clinical
findings reflect the wide virus and lesions dissemination in the CNS (Shell, 1990; Koutinas et al.,
2002). Sometimes neurological signs in distemper dogs, suggest a restricted localization of the
lesion within the CNS (Tipold et al., 1992; Koutinas et al., 2002) with a single distinct
neurological syndrome (Braund, 1994).

Several clinical syndromes associated with distemper have been recognized in dogs (Shell,
1990; Braund, 1994, Braund, 2001), like as: canine distemper encephalomyelitis in immature
dogs; multifocal distemper encephalomyelitis in mature dogs; old dog encephalitis and, post-

vaccinal canine distemper encephalitis.
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Canine Distemper Encephalomyelitis in Immature Dogs

This is the most common form of CDV infection and is often initially characterized by
systemic evidence of gastrointestinal and respiratory disturbances (Braund, 1994), but in some
situation the nervous disease may take place in the absence of the systemic involvement (Braund,
2001). Hyperkeratosis of the footpad may be seen. Additionally many animals have conjunctivitis
and chorioretinitis. Neurological signs are quite varied, often asymmetrical, and usually suggest a
multifocal distribuition of lesions (Shell, 1990; Braund, 2001). Signs of localization in cortical
and subcortical (seizures, personality changes) areas, brainstem (cranial nerves deficits) and
cerebellum (hypermetria) are often observed, while spinal cord (paresis/paraplegia) signs are
observed occasionally (Shell, 1990). Myoclonus may be a characteristic sign. CDV is probably

the most common cause of seizures in dogs younger than 6 month of age (Braund, 1994).

Multifocal Distemper Encephalomyelitis in Mature Dogs

In mature dogs between the age of 4 and 8 years, CDV can produce a type of multifocal
encephalitis that is characterized by a chronic course (Braund, 2001). Vaccinated animals may be
affected. This neurological manifestation is not preceded by, nor is it coincident with, the
systemic signs (Shell, 1990). The initial neurological presentation consists of signs of weakness,
generalized incoordenation, and occasional falling. Usually these signs progress to tetraplegia.
During the course of the disease signs of localization in cerebellum, brainstem, and spinal cord
are common. Cortical and subcortical signs are not features of this disease and affected animals

maintain a normal mental status (Braund, 1994).
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Old Dog Encephalitis

Old dog encephalitis (ODE) is a rare subacute or chronic progressive panencephalitis with
very low incidence around the world that is believed to be caused by CDV infection (Shell, 1990;
Braund, 1994). There was some speculations that this form of distemper no longer existed since
no spontaneous cases had been observed at several institutes over the past decade (Braund, 2001).
Affected dogs are usually older than six years of age and there are no related systemic signs
(Braund, 2001). The only clinical signs are related to the cortical and subcortical lesions
(Vandevelde et al., 1980) such as visual deficits, depression, compulsive circling, and head-
pressing against objects (Shell, 1990). In contrast to the signs associated with acute or chronic
encephalomyelitis in immature dogs, signs of brainstem, and spinal cord disease are usually
absent in cases of ODE (Shell, 1990; Braund, 2001). There is also a relative sparing of the
cerebellar signs (Vandevelde et al., 1980). Histopathological changes are similar to those seen in

multiple sclerosis, a demyelinating disease that takes place in human being (Adams et al., 1975;

Shell, 1990).

Post-vaccinal Canine Distemper Encephalitis

Post-vaccinal canine distemper encephalitis is a rare condition that occurs in young animals,
especially those less than six months of age (Shell, 1990; Braund, 2001). It is believed to be
associated with vaccination using live CDV strain. It can occur one to two weeks after the animal
vaccination. The pathogenesis of this disease is unclear. It may result from: i) insufficient
attenuation of the vaccine virus which causes subsequent infection of the CNS; ii) the triggering
of a latent distemper infection by vaccination; iii) other vaccine components; or iv) an enhanced
susceptibility of the animal (Bestetti et al., 1978). According an experienced virologist pos-

vaccination disease no longer exist as a disease identity, and it probably may occur in cases
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which the animal already was incubating the field virus at the moment of vaccination, since the

disease incubation period range about 14 days (Amauri Alfieri, 2004 — personal communication).

NEUROPATHOLOGY OF CDV INFECTION

The exact mechanism of CDV entry into the CNS has not been entirely clarified. The
frequent occurrence of periventricular and subpial lesions and the fact that CDV can easily be
found in chroid plexus cells and ependyma suggest entry of the virus into the brain tissue by
cerebrospinal fluid (CSF) pathways, presumably by infected immune cells (Vandevelde and
Zurbriggen, 1995).

The spectrum of the lesions appears to be wide, however the neuropathology of spontaneous
distemper is remarkably constant. The variability of the neuropathology is largely due to the
lesions evolution when the disease progress (Vandevelde and Zurbriggen, 1995; Schobesberger et
al., 2002). Some variability may be due to virus strain differences, although there is little concrete
evidence that these play a role in natural disease in dogs (Vandevelde and Zurbriggen, 1995). In
the gray matter, CDV infects neurons which can lead to neuronal necrosis and even
polioencephalomalacia. Nevertheless there are possibilities that the malacia lesions are
relationship to seizure-induced hypoxia-ischemia (Braund, 2001). It has been known that the
white matter lesions in distemper are characterized by selective loss of myelin sheaths. The
demyelinating lesions are not the only responsible for severe neurological signs but are also
thought to be a model for human demyelinating conditions such as multiple sclerosis. Because of
these features the white matter pathology has been the focus of several recent studies (Zurbriggen
et al., 1998; Schobesberger et al., 1999; Tipold et al., 1999; Schobesberger et al., 2002; Moro et

al., 2003; Veronika et al., 2004).
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The histopathological findings of distemper encephalomyelitis usually reflect a multifocal
disease with the wide virus dissemination in the CNS (Shell, 1990; Koutinas et al, 2002).
Experimental studies have shown a very high incidence of subclinical lesions with the absence of
clinicopathological correlation in neurological distemper (Vandevelde and Cachin, 1993).

Studies have to consider an acute and a chronic stage in the development of CDV-induced
demyelination. Different lesion stages can occur within the CNS of the same animal (Vandevelde
et al., 1985). The temporal course of the lesions development after CDV infection is reflected by
grouping distemper lesions into three different categories (acute, subacute and chronic) according
to the degree of demyelination and inflammation within the white matter (Vandevelde et al.,
1985; Tipold et al., 1999; Alldinger et al., 2000). In addition to these three categories, there are
very early findings in which no demyelination is noted, although the CDV infection may be
identified. Recently Schobesberger et al. (2002) introduced the term of peracute lesions to

consider this last category.

The pathogenesis of acute demyelination

The initial myelin lesions develop during a period of severe immunosuppression and are not
inflammatory (Vandevelde and Zurbriggen, 1995). This mechanism of demyelination have been
examined and it was shown that the initial lesions is directly virus-induced, since there is a clear
correlation between the occurrence of demyelination and the CDV replication in the cells of the
white matter (Vandevelde et al., 1985).

The obvious explanation for the phenomenon of demyelination would be the oligodendroglial
infection. Segmental demyelination (Higgins et al., 1982) and degenerative oligodendroglial
changes in acute foci (Summer and Appel, 1987) are strongly suggestive of a primary

oligodendroglial lesion. The effect of CDV on oligodendrocytes and other glial cells was studied
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extensively in primary dog brain cell cultures (DBCC) (Zurbriggen and Vandevelde, 1993).
DBCC contain numerous astrocytes and oligodendrocytes, which can be unequivocally identified
with antibodies against cell specific markers. Despite considerable efforts using
immunocytochemical and ultrastructural techniques, CDV proteins or viral nucleocapsids were
only very rarely found in oligodendrocytes, in contrast to astrocytes and microglial cells which
easily support CDV infection (Zurbriggen et al., 1986, 1987; Vandevelde et al., 1985). Recently,
using in situ hybridization techniques, was found that oligodendrocytes in CDV-infected brain
cultures contain CDV mRNA corresponding to all viral genes, despite the fact that these cells do
not produce viral proteins (Zurbriggen et al., 1993). This in vitro found suggest that the
oligodendrocytes degeneration may be probably result from a restricted CDV infection without
viral protein production. Using a combination of immunocytochemistry and in situ hybridization
Graber et al. (1995), demonstrate the transcription of the entire virus genome in oligodendrocytes
in CDV-infected brain cell cultures. Graber et al. (1995) also shown that a restricted infection of
oligodendrocytes with CDV down-regulates the transcription of the major myelin genes coding
for proteolipid protein, myelin basic protein and myelin-associated glycoprotein in similar way.
Consequently, the infected cells are no longer able to synthesize all the membrane compounds
which are necessary for maintaining their structure integrity. Zurbriggen et al. (1998) studying
the oligodendroglial pathology in canine distemper, confirmed that restriction infection of
oligodendrocytes also occurs in vivo, as already described for culture cells, and that the CDV
infection leads to massive down-regulation of myelin gene expression in demyelination lesions
and that this effect correlates in part with restricted infection of oligodendrocytes. However the
number of CDV mRNA-expressing oligodendrocytes found in infected but not yet demyelinated
areas seems - with 8% of all oligodendrocytes in the infected area - rather small to explain

ensuing demyelination (Zurbriggen et al., 1998). The majority of infected cells in the CNS are
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astrocytes (Mutinelli et al., 1989; Summers and Appel, 1987; Schobesberger et al., 2002), which
are important in maintaining the tissue homeostasis. The alteration of the astrocytes population
may contribute to the development of demyelination, and an indirect mechanism could play a role
in oligondendrocytes dysfunction.

Schobesberger et al. (1999) have addressed the question of apoptosis or necrosis importance
in the pathogenesis of oligodendroglial degeneration in distemper. However, in dog brain tissue
sections, was found no obvious morphological or biochemical evidence for oligodendroglial
apoptosis in the initial demyelinating lesions (Schobesberger et al., 1999, 2002). However,
apoptosis can not be totally excluded from playing a role in the disappearance of
oligodendrocytes from CDV-induced demyelinating plaques. Lesion development in distemper is
a slow process lasting over weeks. Apoptosis on the other hand is a fast event and apoptotic cell
fragments are quickly phagocytosed (Majno and Joris, 1995).

The contribution of the immune response to early lesions development is not clear. Despite
severe immunosupression and lack of perivascular cuffing, numerous CD8" cells are found in
acute demyelinating lesions and also diffusely distributed in the brain parenchyma, roughly
corresponding with areas of viral infection (Tipold et al., 1999).

Findings in acute non-inflammatory demyelination included viral replication in astrocytes
(Vandevelde et al., 1982), restricted infection of low numbers of oligogendrocytes (Zurbriggen et
al., 1998) and diffuse invasion with CDS8" cells (Tipold et al., 2001), none of which have by
themselves provided a satisfactory explanation for myelin destruction in distemper. Diffuse
upregulation of MHC II in the white matter in the early state of distemper (Alldinger et al., 1996),
upregulation of metallo-proteinases (Maio et al., 2003) and immunocytochemical evidence of
microglial hyperplasia in initial demyelinating lesions (Tipold et al., 1999) suggest that microglia

could be involved in the pathogenesis of early demyelination. Stein et al. (2004) showed a clear
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correlation between upregulation of various microglial functions and the presence of
demyelination.
The mechanism of acute demyelination in distemper is not yet completely understood, despite

the extensive studies.

The pathogenesis of chronic demyelination

The chronic lesions are characterized by influx of inflammatory cells, mostly mononuclear,
and coincide with the recovery of the immune system (Vandevelde and Zurbriggen, 1995). The
inflammatory cells accumulate around blood vessels forming partly multi-layered perivascular
cuffs, and also invade the parenchyma (Schobesberger et al., 1999, Schobesberger et al., 2002).
The inflamatory reaction in the demyelinating lesions can lead to progression of the tissue
damage. There is often necrosis of the tissue in such lesions (Schobesberger et al., 2002; Gebara
etal., 2004 a).

Evidence of autoimmunity is not unusual in virus infection in different organs system,
including the brain. Anti-myelin antibodies in serum have been known for a long time to occur in
distemper (Krakowka et al., 1973). Vandevelde et al. (1986) found such antibodies also in the
CSF of dogs with distemper and that these antibodies were locally produced in the inflammatory
brain lesions. One mechanism by which anti-myelin antibodies could induce demyelination
would be antibody-depending cytotoxicity. However the autoimmune reaction in distemper are
probably epiphenomena which are not primary involved in the chronic demyelinating process
(Vandevelde and Zurbriggen, 1995).

The chronic stage of the disease is characterized by immunopathological complication. Tissue
damage and demyelination may result from the innocent bystander effects of infiltrating virus-

specific T and B cells and their cytokine products (Vandevelde and Zurbriggen, 1995). The
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inflammation is also associated with intrathecal immunoglobulin synthesis. It has been known for
a long time that antiviral antibodies play a dominant role in immunity against CDV (Vandevelde
and Zurbriggen, 1995). Bollo et al. (1986) found that the occurrence of anti-CDV antibodies in
the CSF coincided with clearance of CDV and CDV containing cells from the inflammatory
lesions. Since oligodendrocytes do not express viral proteins, progression of demyelination could
hardly be explained by an antiviral cytotoxic reaction killing infected oligodendrocytes. Other
types of antiviral immune response could be responsible for the inflammatory tissue damage seen
in distemper. Macrophages, which are very numerous in distemper lesions, would play an
important role. It was shown that antiviral antibodies bound to the surface of CDV infected cells
interacted with the Fc receptors of neighbouring macrophages by way of their Fc portions (Burge
et al., 1989; Griot et al., 1989 a,b). This interaction resulted in a respiratory burst of the
macrophages with release of reactive oxygen radicals, which can be harmful to oligodendrocytes.
So the humoral antiviral immune response could also leads to destruction of oligodendrocytes as
innocent bystander cells.

The inflammatory phenomenon is related to virus clearance from CNS lesions. However it
has been shown that CDV can persist in white matter areas outside of the inflammatory
demyelinating lesions or over even in the immediate periphery of such lesions (Vandevelde and
Zurbriggen, 1995; Schobesberger et al., 1999; Schobesberger et al., 2002). The virus persistence
is the key to the pathogenesis of the chronic lesions, and seems to contribute to lesion
maintenance and progression. The mechanism of persistence of CDV is not yet understood. Have
been demonstrated, by in vitro assay, that CDV virulent strains which are able to persist in the
CNS have a noncytolytic selective virus spread and a different way of virus release so that very
little virus is released outside the nervous cells (Zurbriggen et al., 1995; Meertens et al., 2003). It

also has been shown that these virus strains have an impaired and limited budding (Stettler et al.,
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1997). It leads a very limited release of cell debris and virus particles in the extracellular space.
As a result, macrophages stimulation attracting the antiviral immune response in the areas of
active viral replication is avoided. This particular type of spread is related to differences in viral
assembly as compared to attenuated distemper viruses. Sequencing studies have shown
differences between virulent and attenuated CDV at the level of the nucleoprotein gene (Frisk et
al., 1999; Scagliarine et al., 2003). Its difference has been incriminated as a molecular

determinant of persistence (Stettler and Zurbriggen, 1995).

DIAGNOSIS AIDS

When the animal are presented with the characteristic signs of the CDV infection, such as
myoclonus and systemic signs preceding or accompanying the neurological deficits, the clinical
diagnosis of distemper is suggested. However the clinical diagnosis is often hard when this
typical systemic involvement of the disease is absent. Likewise, myoclonus, which is highly
suggestive of nervous distemper, is absent in more than half of the cases. Distemper should be
always considered as a differential diagnosis, when the neurological signs and clinical history
suggest a multifocal and progressive disease. Nevertheless, focal neurological disease may be
found. In such cases of distemper with focal nervous signs and in which other typical findings
such as extraneural signs or myoclonus are lacking, are a diagnostic challenge for the veterinary
(Tipold et al., 1992). CSF examination in such animals may reveal the presence of inflammatory
involvement suggesting the possibility of CDV infection. CSF analysis may support the diagnosis
of CDV infection if a lymphocytic pleocytosis (greater than 5 leukocytes/pl) is present (Shell,
1990). A CSF pleocytosis that is more than 60% lymphocytes has been typically associated with

viral encephalitis, but has also been reported with granulomatous meningoencephalitis (GME)
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and bacterial infection especially after antibiotic therapy (Chrisman, 1992). In the inflammatory
distemper the cell count rarely exceeds 30 cell/uL (Vandevelde and Cachin, 1993). However,
Amude et al. (2005b) reported a severe lymphocytic pleocytosis (> 500 cell/ uL) in a distemper
non-inflammatory nervous case. Sometimes there are no abnormalities in the CSF from distemper
dogs with neurological disease (Shell, 1990). In 8 out of 19 dogs with distemper
encephalomyelitis the CSF was normal (Koutinas et al., 2000).

In experimental infected animals frequent hematological findings is lymphopenia,
sometimes combined with leucopenia or leucocytosis with left shift, anemia, and rarely
thrombocytopenia. Several hematological abnormalities have been reported with distemper in
natural occurring disease (Moritz et al., 2000). Tudury et al. (1997), studding the nervous form of
distemper, reported that anemia and lymphopenia were frequent hematological changes found in
distemper dogs. However the previous studies were descriptive studies, and a cause-consequence
relationship may be not secured. According Shell (1990), the hematological changes are
frequently absent or non-specific in CDV naturally infected dogs. In a study, when the
hematological findings from distemper dogs were compared with data from non-distemper dogs,
both from the same hospital population and sharing resembling clinical conditions, no significant
statistic difference was found (Gebara et al., 2004b).

Serological examination is not very useful in the diagnosis of distemper, because a high titers
of anti-CDV antibodies may be a result of prior vaccination, as well as of previous subclinical or
clinical infection. On the other hand, during severe distemper, the antibody titers may be low
because of the strong immunosuppressive properties of CDV. Detection of neutralizing
antibodies did not correlate with the form of distemper, antigen distribution, or RT-PCR results,
indicating the noncontributory role of neutralizing antibody titers for the etiological diagnosis of

distemper (Frisk et al., 1999). The anti-CDV antibodies detection in CSF could be a good option
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to diagnose distemper in dogs with neurological disease. However dogs can die from distemper
without detectionable anti-CDV neutralizing antibodies titers in the CSF in the acute state of the
disease (Shell, 1990). The virus neutralizing antibody titers in CSF samples was detected in only
2 dogs out of 10 dogs with confirmed CDV infection (Frisk et al., 1999).

A final diagnosis is based on the demonstration of viral antigens in scrapings and body fluids
such as conjunctival smears, tracheal washing, and urine sediment (Tipold et al., 1992). Direct
immunofluorescence test are routinely and widely used with this propose. However, in the
subacute or chronic forms of the disease this test gives false-negative results. In 12 dogs suffering
from natural distemper confirmed by N-PCR, Jozwik and Frymus (2005) diagnosed CDV
infection by direct immunofluorescent test in only 6 dogs. No CDV antigen could be detected in
the peripheral blood of 6 out of 7 distemper dogs with only systemic signs, 5 out of 13 distemper
dogs with systemic and neurological signs, and all (7/7) distemper dogs with only nervous signs
(Moritz et al., 2000). Viral antigen can be also hard to find in the extraneural tissues in cases with
neurological distemper without systemic involvement (Tipold et al., 1992). The methods
available for ante mortem distemper etiologically diagnosis to date are of limited value, and in
the majority of cases a definitive diagnosis is only possible at post mortem (Baumgértner, 1993).

Recently the RT-PCR has been introduced as a usefulness, fast, sensitive, and specific
method to diagnose CDV infection in dogs (Frisk et al., 1999; Shin et al., 2004; J6zwik and
Frymus, 2005; Amude et al., 2005a). Urine, serum, whole blood, and CSF are body fluids that
have been used for CDV detection by RT-PCR in dogs with characteristics and commons signs of
the disease (Frisk et al., 1999; Shin et al., 1995; Kim et al., 2001; Moritz et al., 2000; Gebara et
al., 2004 a/b; Saito et al., 2005 a/b). The sensitivity of the RT-PCR varies with selected primers,
RNA extraction methods, and clinical sample analyzed. Frisk et al. (1999) had a sensitivity of

86% (25/29) and 88% (14/16) when serum and whole blood respectively were used as biological
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sample in RT-PCR for distemper diagnosis in naturally-occurring classical disease. Gebara et al.
(2004 a/b) and Saito et al. (2005 a) used urine, from dogs with characteristics clinical findings of
distemper, in order to detect CDV by RT-PCR in naturally-occurring disease. We recently
observed that urine might also be a good biological sample for ante mortem CDV detection by
RT-PCR in dogs with distemper encephalomyelitis without the typical clinical presentation that is
characterized by nervous disease with myoclonus and systemic findings (gastrointestinal and/or
respiratory signs), being serum and whole blood not sensitive samples for this propose (Amude et
al., 2005a). By RT-PCR CDV could be detected in 4 out of 5 urine samples from dogs with
distemper encephalomyelitis, however the virus only could be detected in one blood sample and
none of the serum samples from the same distemper dogs. Curiously the CDV only could be
detected by RT-PCR in only 2 out of 5 CSF samples, being the urine the biological sample more
sensitive (4/5). The CSF RT-PCR results probably were false negative results that might be due
to a complete lack or the presence of only low levels of CDV RNA in the CSF. The low
cellularity of the CSF, as well the pathogenesis of the virulent CDV strains might contribute to
RT-PCR false negative results found in the CSF sample (Amude et al., 2005a). The dog with
distemper encephalomyelitis in which the virus could not be detected in urine could be diagnosed
ante mortem as distemper dog by RT-PCR using CSF. Thus, the use of RT-PCR with two
differents body fluid (urine and CSF) can increase the technique sensitivity for ante mortem
diagnosis of distemper in dogs with the clinical presentation restricted to neurological disease

without myoclonus (Amude et al., 2005a).
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OBJETIVOS

Objetivo Geral:

Avaliar a presenca do virus da cinomose canina (CDV) em caes com sindromes
neuroldgicas centrais (cerebrais e medulares), sem sinais clinicos sistémicos e mioclonia
no momento da apresentagcdo hospitalar, utilizando a técnica de Transcrigdo Reversa

seguida pela Reacdo em Cadeia pela Polimerase (RT-PCR).

Objetivos Especificos:

Identificar e caracterizar as sindromes clinicas causadas pela infec¢do do CDV, nas quais
a mioclonia e os sinais sistémicos estejam ausentes no momento da admissao hospitalar.
Avaliar as alteragdes hematologicas e liquoricos; as lesdes histopatoldgicas no sistema
nervoso central; assim como o resultado do exame neuroldgico proveniente de caes com
encefalomielite por infeccdo natural pelo CDV, apresentados exclusivamente com sinais
neurologicos e sem mioclonia no momento da admissdo hospitalar.

Verificar de que forma esses achados clinicos e laboratoriais podem ou ndo contribuir

para o diagnostico etiologico.
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Clinical syndromes of canine distemper virus encephalomyelitis in absence of distemper

usual clinical findings

Abstract

The aim of this study was to recognize and present the canine distemper virus (CDV) clinical
syndromes that take place in absence of distemper usual clinical findings. For the study were
prospectively investigated dogs presented with neurological deficits and absence of systemic
signs and myoclonus at the time of hospital admission. Twenty dogs clinically followed up which
were obtained central nervous system (CNS) samples at necropsy were included in this study.
The distemper diagnosis was performed at post mortem by the CDV detection in the CNS using
reverse transcription - polymerase chain reaction (RT-PCR), and histopathology. Eight (40%) out
of 20 dogs were diagnosed as suffering from CDV encephalomyelitis. According to the nervous
signs the distemper dogs were grouped in three clinical syndromes: Old dog encephalitis (ODE)
(1 dog), canine distemper encephalitis in immature dogs (CDEID) (1 dog), and multifocal
distemper encephalomyelitis in mature dogs (MDEMD) (6 dogs). CDV encephalomyelitis could
be identified at post mortem in 40% of the cases, even with the failure of distemper clinical
diagnosis at the time of hospital admission due to the absence of common and characteristic signs
of distemper. As distemper encephalomyelitis clinical diagnosis is often difficult when
myoclonus and extra-neural signs are absent, and considering that it is an infectious disease with
guarded prognosis, the knowledge about these clinical syndromes may facility the clinical
diagnosis in such cases in which the common distemper signs are not present.

Key words: dog; canine distemper virus; distemper; encephalomyelitis, RT-PCR.
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INTRODUCTION

Canine distemper is a systemic disease caused by canine distemper virus (CDV), frequently
lethal in dogs, other non-domestic carnivores and some marine mammals (Summer and Appel,
1994). The CDV is a non-segmented, negative single-stranded RNA virus, closely related to
measles virus and rinderpest virus, two other members of the genus Morbillivirus of the
Paramyxoviridae family. The virion is relative large (150-240 nm), surrounded by a lipoprotein
envelope derived from virus glycoproteins incorporated into the cell membrane (Fauquet et al.,
2004).

CDV is generally transmitted as an aerosol infection to the upper respiratory tract. The
primary virus replication takes place in the lymphoid tissues. Infection of these tissues is
associated with severe long lasting immunossupression. At about 10 days post infection (p.i.),
CDV starts to spread from the sites of primary replication to various epithelial tissues and the
central nervous system (CNS) (Vandevelde and Zurbriggen, 1995). The virus leads a
multisystemic infection, which is often associated with viral spread to the CNS, resulting in a
progressive, multifocal demyelinating disease (Muller et al., 1995; Meertens et al., 2003). During
viraemia CDV infects brain in the majority, if not all cases, regardless of the clinical signs
(Summer et al., 1995).

In dogs, CDV infection can result in subclinical infection, or clinical disease characterized by
gastrointestinal and/or respiratory signs, frequently with CNS involvement. Gastrointestinal and
respiratory signs are known as epithelial or systemic signs of distemper. The virulence of the
virus strain, the age and the immunocompetence of the dog determine the course and outcome of
the disease (Tipold et al., 1992; Greene and Appel, 1998). The type of the neurological signs

depends on the virus distribution in the CNS and localization of the lesions, nevertheless a
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clinicopathological correlation is often lacking (Vandevelde and Cachin, 1993, Koutinas et al.,
2002). CDV affects both white and gray matter in the CNS (Summers et al., 1995). Thus, a
variety of neurological signs may be observed. Despite the relative large literature about
neuropathology, immunology and laboratorial findings on nervous distemper, studies on the
clinical neurology involving the nervous signs of distemper are still uncommon.

Several clinical syndromes associated with distemper encephalomyelitis have been
recognized in dogs like as: Canine distemper encephalomyelitis in immature dogs (CDEID),
multifocal distemper encephalomyelitis in mature dogs (MDEMD), old dog encephalitis (ODE),
and post-vaccinal canine distemper encephalitis (Shell, 1990; Braund, 1994, Braund, 2001).
When systemic signs are preceding or accompanying the neurological disease, distemper
encephalomyelitis is often a probable suspected as diagnosis (Moritz et al., 2000). However, such
“classical” presentation is not the rule. Nervous signs may also occur without any other signs
(Baumgirtner et al., 1989; Tipold et al., 1992, Tipold et al., 1996). The clinical diagnosis of
distemper encephalomyelitis is difficult when the systemic signs are absent at the time of hospital
admission (Tipold et al., 1992; Vandevelde and Cachin, 1993). Myoclonus, a highly suggestive
of nervous distemper, may be also absent. These cases, which are presented without systemic
signs and myoclonus, are a diagnostic challenge for the veterinary (Tipold et al., 1992). So the
knowledge about the clinical syndromes caused by CDV infection in which the typical distemper
clinical findings are not present is important for clinical recognition of distemper
encephalomyelitis in such cases. The aim of this study was to recognize and present the CDV
encephalomyelitis clinical syndromes in naturally infected dogs, in which the systemic signs and

myoclonus were not present at the time of hospital admission.
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MATERIAL AND METHODS

Inclusion criteria

Were investigated prospectively dogs presented to the Medical and Surgical Division from
Veterinary Teaching Hospital of Universidade Estadual de Londrina, Londrina, Parana, Brazil,
from november 2003 to november 2004, with neurological deficits and absence of systemic signs
and myoclonus at the time of hospital admission. As systemic signs were considered fever,
gastrintestinal and respiratory signs. Ophthalmic evaluation was not considerate. The animals that
showed systemic signs and/ or myoclonus after the hospital admission were not excluded from
the study. Dogs in which the myelography evaluation suggested a compressive lesion and that a
traumatic or toxic event could be recognized as the causative of the neurological presentation
were excluded from this investigation. Dogs clinically followed up, in which were possible to
obtain CNS samples corresponding to the neurological signs at necropsy, were evaluated in this

clinical study.

Animals and clinical samples

The dogs were followed up from the hospital admission until the clinical outcome (euthanasia
or natural death, despite treatment), and all the data about neurological evolution were recorded.
Euthanasia when elicited, was performed by intravenous infusion of 10% KCI, under general
anesthesia preceded by tranquilization. The owner’s consent was obtained before both, clinical

follow up and clinical samples collection.
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The dogs included in this clinical trial were not submitted to any stressing or suffering
proceeding. The investigator did the neurological examinations during the hospital routine
procedure. The clinical decision, medical treatment, or other diagnostic procedures were
performed by the attending veterinary. CNS fragments corresponding to the neurological signs,
collected at necropsy, were submitted for histopathological examination. A second fresh CNS
fragment was used for CDV detection by reverse transcription — polymerase chain reaction (RT-

PCR).

Diagnostic criteria

The distemper diagnosis was carried out at post mortem, by RT-PCR for CDV detection in
the fresh CNS fragment and CNS histopathology. The histopathological findings considerate as
suggestive of CDV infection in the CNS were focal to multifocal vacuoles in the white matter

(demyelination) with or without inflammatory involvement.

RT-PCR

For CDV detection by RT-PCR, immediately after the CNS collection the RNA was extracted
from an aliquot of 300 puL of suspension (10% w/v) of fresh CNS fragments in phosphate
buffered saline (PBS), according to the silica/guanidine isothiocyanate method, described by
Boom et al. (1990). Aliquots of ultrapure (MilliQ®) sterile water were included as negative

control in all the RNA extractions.
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RT-PCR was performed using the oligonucleotides primers (Invitrogen™ Life Technologies,
USA) CDV 1 (sense) [5’-aca gga ttg ctg agg acc tat-3’, nt 769-789] and CDV?2 (anti-sense) [5°-
caa gat aac cat gta cgg tgc-3’, nt.1055-1035], designed to amplify an amplicon of 287 bp size of
the CDV nucleoprotein gene (Frisk et al., 1999).

The reverse transcription was performed with 9 pL of extracted RNA and 2.0 pmol of CDV1
that was denaturated at 70°C for 10 min and immediately transferred to ice for 5 min. Following
this step was added the RT-MIX solution, made of 0.2 mM of each dNTP (Invitrogen™ Life
Technologies, USA), 1x PCR-buffer (Invitrogen™ Life Technologies, USA) (20 mM Tris-HCI
pH 8.4 and 50 mM KCI), 1.5 mM MgCl,, 100 units of reverse transcriptase enzyme M-MLV
(Invitrogen™ Life Technologies, USA) and ultrapure sterile water to a final volume of 20 pl.
After homogenization, the solution was incubed at 42°C for 30 min followed at 70°C for 10 min
for the enzyme inactivation.

For the PCR reaction were used 5 pL of ¢cDNA, 0.4 pmol of each primers (CDV1 and
CDV2), 0.2 mM of each dNTP, 1x PCR-buffer (20 mM Tris-HCI pH 8,4 ¢ 50 mM KCl), 1,5 mM
MgCl,, 2,5 units of Platinum® Taq DNA Polymerase (Invitrogen™Life Technologies, USA) and
ultrapure sterile water to a final volume of 50 pL. The reaction was realized in a thermocycler
(PTC 200, MJ Research Co. Water Town, Ma, USA), using the following time and temperature
conditions: 1) a initial denaturation step at 94 °C for 1 min; ii) 40 cycles at 94°C for 1 min, 59°C
for 2 min and 72°C for 1 min; iii) a final extension step at 72°C for 7 min. A CDV Rockborn
strain infected Madin Darby canine kidney (MDCK) cell was used as CDV positive control.

The amplified products were analyzed by electrophoresis in 2% agarose gel with ethidium
bromide (0,5 pg/mL) in TBE buffer pH 8.4 (89 mM Tris-HCI; 89 mM boric acid; 2 mM EDTA)

in constant voltage (90 V) for approximately 45 min and visualized under UV light.
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The identities of the RT-PCR products were confirmed by RFLP (restriction fragment length
polymorphism) with Hinf I (Invitrogen™Life Technologies, USA) enzyme digestion. The

digestion was performed with 18 uL of RT-PCR product, according manufacture’s instructions.

Histopathology

CNS tissue sections were examined for CDV-induced lesions. For this, CNS samples were
fixed in 10% buffered neutral formalin, embebed in histological paraffin, sectioned at 5 pm and

stained with hematoxylin and eosin (HE), following routine procedures.

RESULTS

Twenty dogs clinically followed up that filled the inclusion criteria and in which were
possible to obtain CNS samples corresponding to the neurological signs at necropsy, were
evaluated in this study. In 17 dogs the owner elicited euthanasia, and the other 3 dogs died during
the hospitalization period. According to the diagnostic criteria 8 out of 20 dogs were considered
as suffering from distemper encephalomyelitis.

The onset of neurological signs was acute in two distemper dogs (cases n° 18 and 22) and
gradual with a progressive course in the remaining 6 distemper dogs. Four animals had received 3
or more vaccination against distemper with life modified virus (n° 15, 16, 22, and 30), two were
unvaccinated dogs (n° 05 and 13), while the remaining two distemper dogs had an unknown
vaccination status (n° 17 and 18). The age, breed, sex, vaccination records, survive time after the

beginning of neurological deficits from the dogs with distemper encephalomyelitis are presented
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in the table 1. One distemper dog (n° 15) displayed myoclonus 22 days after the beginning of
neurological presentation. Two distemper dogs showed systemic signs after the admission during
the neurological disease evolution, one (n° 22) on the fourth day (vomiting and diarrhea), and the
other (n° 30) on the eightieth day (diarrhea) of clinical evolution. According to the neurological
signs the distemper dogs were grouped in three CDV clinical syndromes: ODE (n° 13), CDEID
(n°® 16), and MDEMD (n° 05, 15, 17, 18, 22, 30). The clinical syndromes and the respective
neurological deficits observed in the dogs with distemper encephalomyelitis during the clinical
follow up are presented in the table 2.

The RT-PCR in fresh CNS fragments from 8 dogs (n° 05, 13, 15, 16, 17, 18, 22, 30) amplified
a fragment of 287 bp size that was cleaved by Hinf I as expected to the CDV, and yielded
fragments of 227 and 60 bp size. All the dogs in which CDV was detected by RT-PCR showed
histopathological findings compatible with CDV encephalomyelitis, and none of them showed
cysts of Toxoplasma gondii or Neospora caninum in the CNS fragments examined. In one dog
(n® 22) the histopathological examination was not possible because the fixed CNS fragments
were lost during the procedure, however the CDV was identified in fresh CNS fragments by RT-
PCR. The frequent histopathological findings in the CNS of distemper dogs consisted of focal to
multifocal vacuoles in the white matter (demyelination), perivascular mononuclear cell
infiltration, mononuclear cells infiltrated diffusely into the parenchyma, malacia, glial reaction,
and perimeningeal mononuclear infiltrate. In none of the other 12 dogs were observed lesions

compatible with CDV infection.
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DISCUSSION

The RT-PCR has been a usefulness, fast, sensitive, and specific method for detection of CDV
infection in dogs (Frisk et al., 1999; Moritz et al., 2000; Kim et al., 2001; Rzezutka and Mizak,
2002; Gebara et al., 2004a/b; Shin et al., 2004; J6zwik and Frymus, 2005; Amude et al., 2005).
The sensitivity of this technique varies with selected primers, RNA extraction methods, and
clinical sample analyzed. The set of NP gene specific oligonucleotide primers included in the
present study was previously used, for CDV detection, by different authors (Frisk et al., 1999;
Moritz et al., 2000; Gebara et al., 2004 a/b; Jozwik and Frysmus, 2005; Saito et al., 2005 a/b).
Since the NP is required for virus replication, the mRNA of the NP gene is transcribed most
extensively in infected cells (Shin et al., 1995) and seems to be a good marker of infection. The
specificity of RT-PCR products obtained by the set of primers used in our study had already been
tested by Frisk et al. (1999) by sequencing of obtained amplification. Besides this, the set of
primers are valuable in the diagnosis of distemper because they could detect the nucleoprotein
gene of different CDV strains (Onderstepoort; Snyder Hill; Rockborn; Lederle) (Jozwik and
Frysmus, 2005). The silica/guanidine isothiocyanate method used for CDV RNA extraction in
this study, was accessed by Saito et al. (2005b) as the best method for CDV RNA extraction.
Fresh and frozen organs fragment were also good choice as clinical samples to be submitted to
RT-PCR for CDV detection (Rzezutka and Mizak, 2002; Saito et al., 2005b). These
considerations make our RT-PCR in fresh CNS fragments a good and available criterion for CDV
diagnosis. The RT-PCR and RFLP results, associated with the histopathological findings
compatible with CDV encephalomyelitis (Vandeveld and Zurbriggen, 1995; Summer et al., 1995;
Schobesberger et al., 2002; Gebara et al., 2004a), support that the CDV was the etiological agent

causative of the neurological signs in 8 out of 20 dogs included in this clinical study. According
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to the neurological presentation one case was recognized as ODE (dog n°® 13), one as CDEID
(dog n° 16), and 6 cases as MDEMD (dog n° 05, 15, 17, 18, 22, 30).

Neurological findings showed by one 11-years-old dog (n° 13) such as behavioral change
(aggressiveness), inappropriate consciousness content, head pressing against objects, circling and
compulsive walking are ODE usual neurological clinical manifestation, which reflect cortical and
subcortical involvement. Seizure-like activity reported by the owner is an unusual clinical finding
for naturally occuring ODE that likely reflects localization of the virus in the cerebral cortical
neurons, however it was already reported in an experimental ODE case (Axthelm and Krakowka,
1998). However during the clinical follow up no seizure-like activity was observed. The absence
of cranial nervous deficits and normal mental level (alert), suggest no clinical alteration related
with brainstem on the ODE-like discussed case. Ataxia, weakness, dullness and hyperkinesis,
displayed by the presented dog, also were reported in an experimental ODE case (Axthelm and
Krakowka, 1998). Hyperkinesis was manifested as exaggerated and uncoordinated hind limb
placement. This kind of hyperkinesis is known as dysmetria/hypermetria. ODE is a rare subacute
or chronic progressive panencephalitis with very low incidence around the world that is believed
to be caused by CDV infection (Shell, 1990; Braund, 2001). There is some speculations that this
form of distemper no longer exists since no spontaneous cases have been observed at several
institutes over the past decade (Braund, 2001). Affected dogs are usually older than six years of
age and there are no related systemic signs (Braund, 2001). The only clinical signs are related to
the cortical and subcortical lesions (Vandevelde et al, 1980; Shell, 1990). The pathological
findings suggest that the infection is restricted to the CNS (Braund, 2001). In contrast to the signs
associated with acute or chronic encephalomyelitis in immature dogs, signs of brainsteam, and
spinal cord disease are usually absent in cases of ODE (Shell, 1990; Braund, 2001). There is also

a relative sparing of the cerebellar signs (Vandevelde et al, 1980). Nevertheless, in our ODE case
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some cerebellar signs could be observed, such as dysmetria (hyperkicesia) and intentional tremor
of the head.

Partial seizures characterized as “chewing-gum fits” with secondary generalization, vertical
positional nystagmus and tetraparesis were respectively cortical and brainstem deficits showed by
one 7-month-old dog (dog n° 16) that characterizes the neurological presentation of CDEID.
CDEID is the most common form of CDV infection and is often initially characterized by
systemic evidence of gastrointestinal and respiratory disturbances (Braund, 1994; Braund, 2001).
In our study this clinical syndrome was not the most common due to a bias of selection designed
for this study. Neurological signs of CDEID are quite varied, often asymmetrical, and usually
suggest a multifocal distribuition of lesions (Shell, 1990; Braund, 2001). Signs of localization in
cortical and subcortical (seizures, personality changes) areas, brainstem (cranial nerves deficits)
and cerebellum (hypermetria) are often observed, while spinal cord (paresis/paraplegia) signs are
observed occasionally. Seizure likely reflects localization of the virus within cerebral cortical
neurons. CDV is probably the most common cause of convulsions in young dogs (Braund, 1994).
Although the clinical signs of seizures depend on which part of the cerebrum is affected, many
seizures observed in distemper dogs are described as “chewing-gum fits” (Shell, 1990). Although
systemic disturbances are often observed with CDEID, they may be absent (Braund, 2001), as
well showed by the present CDEID case. Myoclonus, a rhythmic jerking of single muscles or
muscle groups, is a characteristic sign of distemper encephalomyelitis (Braund, 1994; Braund,
2001), however it was lacking in the CDEID presented. No previous gastrointestinal disturb was
reported by the owner. Coughing was related almost one month before the neurological
presentation. Nevertheless as no diagnostic procedure was performed at that time, it is difficult to

affirm that the CDV was the coughing causative, but this possibility cannot be ruled out.
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The owner commonly related an initial history of weakness and ataxia of the hind limbs, and
sometimes falling in 4 (cases n° 05, 15, 17, and 30) out of 6 cases recognized as suffering from
MDEMD. At the moment of hospital admission or during the clinical follow up, signs of
localization in cerebellum (intentional tremor, head and trunk ataxia, and dysmetria with
hypermetria) brainstem (vertical positional nystagmus, rotatory spontaneous nystagmus,
positional ventrolateral strabismus, head tilt), and spinal cord (paraplegia) were easily recognized
in single or various combinations in all the six dogs suffering from this distemper clinical
syndrome. Behavioral changes, compulsive walking, and seizures are cortical and subcortical
signs that were not observed during the clinical evolution of these animals. In 5 MDEMD cases
(n°® 05, 15, 17, 18 and 30) the neurological condition progress to tetraparesis/plegia in a
recumbent form. In one case (dog n° 15) myoclonus could be verified during the clinical
evolution 22 days after the beginning of the neurological deficits. According to the literature
myoclonic movements are usually not observed on MDEMD, although head tremors may be seen
(Braund, 2001). MDEMD is a type of CDV multifocal encephalomyelitis in mature dogs with
relatively low incidence that is characterized by a chronic course and does not appear to be
related to breed or sex (Braund, 2001). In our study it was a representative group due to a bias of
selection designed for this study. Vaccinated animals may be affected. This neurological
manifestation is not preceded by, nor is it coincident with, the systemic signs (Shell, 1990). The
initial neurological presentation consists of signs of weakness on the hind limbs, generalized
incoordenation, and occasional falling. Usually these signs progress to tetraplegia. During the
course of the disease signs of localization in cerebellum, brainstem, and spinal cord are common
(Shell, 1990; Braund, 1994). Some animals will have signs of facial paralysis, head tilt, and

nystagmus (Braund, 2001). Cortical and subcortical signs such as generalized seizures and
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behavioral change are not features of this disease and affected animals maintain a normal mental
status (Braund, 1994).

Although MDEMD is a type of CDV multifocal encephalomyelitis (Braund, 2001), two dogs
suffering from this CDV encephalomyelitis form were presented with signs suggesting a focal
CNS lesion. One dog (n° 22) was presented with focal spinal cord signs (spastic paraplegia). The
other one (n° 18) was presented with typical focal cerebellar involvement (truncal and head
ataxia, intentional tremor of the head, and dysmetria with severe hypermetria). In the first case
the myelography was performed and no compressive lesion was recognized. This dog remained
hospitalized and during the clinical follow up, was verified that the signs progress, making
possible the recognition of a progressive spinal cord disease. Such cases which are presented with
focal spinal cords signs and in which other typical findings such as extraneural signs or
myoclonus are absent at the time of presentation, are a diagnostic challenge for the veterinary
(Tipold et al, 1992). The literature claims that MDEMD not coincide with systemic signs that are
often seen in young dogs. Nevertheless, in our study two dogs with MDEMD showed
gastrointestinal signs after the manifestation of the neurological deficits. One of the two dogs (n°
22) also displayed respiratory signs and thorax radiography revealed an interstitial pulmonary
density. Nevertheless the etiology remains unclear since no diagnostic procedure was performed
to rule out other causes of these systemic signs.

In cases of distemper encephalomyelitis presented without myoclonus and extra-neural signs
at the moment of hospital admission, such as the dogs evaluated in this study, the clinical
diagnosis of distemper is often difficult (Vandevelde and Cachin, 1993; Tipold et al, 1992). In
such cases a laboratory assay may be required to confirm the disease. A final ante mortem

diagnosis of distemper is based on the demonstration of viral antigens in scrapings and body
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fluids such as conjunctival and vaginal smears, tracheal washing, and urine sediment (Tipold et
al., 1992). For this, direct immunofluorescence test are routinely and widely used. Unfortunately
in the subacute or chronic forms of the disease, this test gives false-negative results (Jozwik and
Frymus, 2005). According Tipold et al. (1992) viral antigen may also be hard to find in the
extraneural tissues in cases with neurological distemper without systemic signs. Serological
examination has not been very useful in the diagnosis of distemper, because a high titre of anti-
CDV antibodies may be a result of prior vaccination, as well as of previous subclinical or clinical
infection. On the other hand, during severe distemper, the antibody titre may be low because of
the strong immunosuppressive properties of CDV. The methods available for ante mortem
distemper diagnosis to date are of limited value, and in the majority of cases a definitive
diagnosis is only possible at post mortem (Baumgértner, 1993). Recently we observed that urine
is a sensitive biological sample for ante mortem CDV detection by RT-PCR in dogs with CDV
encephalomyelitis in which the distemper clinical diagnosis were not possible to be ideally
performed due to absence of common and characteristics findings of the disease (myoclonus and
systemic involvement concomitant to neurological disease). In 4 out of 5 dogs with CDV
encephalomyelitis the virus could be detected in urine by RT-PCR (Amude et al., 2005).
Although extraneural signs and myoclonus may be frequent in CDV infection, a
neurological presentation in the absence of these signs can potentially be a canine distemper
clinical presentation, such as ODE, CDEID, or MDEMD. As distemper is an infectious disease
with poor prognosis in which there is no effective antiviral treatment, early and secure diagnosis
of CDV infection is important, and the knowledge about clinical syndromes in which the
common and typical signs may be lacking may facility the clinical diagnosis of distemper

encephalomyelitis in such cases.



Table 1 — Dogs with distemper (N = 08) attending at Veterinary Hospital of

Universidade Estadual de Londrina from november 2003 to november 2004, and

their respective data: (age, breed, sex, survive, and vaccination records).

dog age (month) breed Sex  Survive (days) Vaccination records
05 36 Mixed breed F 12 Unvaccinated
13 132 Mixed breed F 31 Unvaccinated
15 62 Collie F 32 Vaccinated
16 7 Mixed breed M 15 Vaccinated
17 18 German M 33 NA
shepherd
18 21 Cocker M 7 NA
spaniel
22 145 Cocker F 10 Vaccinated
spaniel
30 55 Boxer M 22 Vaccinated

NA: not available
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Table 2 — Clinical syndromes and respective neurological deficits during the clinical evolution

showed by the dogs with distemper (N = 08) attending at Veterinary Hospital of Universidade

Estadual de Londrina from november 2003 to november 2004, diagnosed at post mortem by RT-PCR

and histopathological examination.

Clinical syndrome

dog Neurological deficits

Old dog 13 Seizure-like activity reported by the owner, personality change
encephalitis (aggressiveness), alert but with an inappropriate consciousness contend,
(ODE) compulsive walking, circling to the right and to the left, truncal and head
ataxia”, head pressing, postural reactions deficits, mild hypermetria
(hyperkinesia), tetraparesis.
Canine distemper 16  Compulsive walking, focal seizure with secondary generalization,
encephalomyelitis inappropriate consciousness contend, positional vertical nystagmus,
in immature dogs menace deficit, spastic tetraparesis, postural reactions deficits,
(CDEID) decerebelate rigity™.
Multifocal 05 Weakness of hind limbs, spastic tetraparesis/plegia, postural reactions
distemper absence, truncal ataxia, head ataxia, rotatory spontaneous bilateral
encephalomyelitis nystagmus, vestibular strabismus .
in mature dogs 15 Weakness of the hind limbs, truncal ataxia, head ataxia, vertical
(MDEMD) positional  nystagmus,  postural  reactions  deficits,  spastic
tetraparesis/plegia, myoclonus in the left hind limb and mastigatory
muscle.

17  Weakness of the hind limbs, truncal ataxia, head ataxia, spastic
tetraparesis/plegia, postural reactions deficits, pain to spinal cord
palpation.

18 Truncal ataxia, head ataxia, spastic tetraparesis, positional vertical
nystagmus with change to rotatory with change in the head positions,
severe hypermetria, postural reactions deficits, decerebelate rigity.

22 Spastic paraplegia following to flaccid paraplegia, postural reactions
absent in the hind limbs.

30  Ataxia, head tilt to the right, spastic tetraparesis/plegia, positional

horizontal nystagmus, postural reactions deficits.

# Head ataxia: intentional tremor of the head
% Decerebelate rigity: opisthotonos with spasticity and rigidity of thoracic limb
*Vestibular strabismus: positional ventrolateral strabismus when the head was dorsally extended
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Distemper encephalomyelitis-clinicopathological findings in eight distemper dogs presented
exclusively with the neurological disease
Abstract

The aim of this study was to evaluate the hematological parameters, the results of cerebrospinal
fluid (CSF) examination, the findings on central nervous system (CNS) histopathological section,
as well the results of the neurological examination, from dogs with CDV encephalomyelitis in
which the distemper clinical diagnosis were not possible to be accomplished at the time of
presentation due to absence of the typical distemper clinical findings, and verify if and how these
laboratorial and clinical findings contribute to an etiologic diagnosis. It was prospectively
investigated 20 necropsied dogs which had been presented with neurological deficits without
myoclonus and in absence of systemic signs at the time of hospital presentation, in which the
hemogram, CSF evaluation, and neurological follow up were performed ante mortem. Eight out
of 20 dogs were diagnosed with distemper encephalomyelitis at post mortem by reverse
transcription — polymerase chain reaction (RT-PCR) and histothological examination. Cerebellar
and/or vestibular signs progressing to tetraparesis/plegia was a neurological evolution frequently
observed in the dogs with distemper encephalomyelitis. Changes in hematological parameters
were frequently absent or non-specific, nevertheless the CSF evaluation could suggest CDV
infection by a lymphocytic pleocytosis. At post mortem, demyelinating lesions was a constant
finding in CNS sections and chronic CDV encephalomyelitis was predominant among distemper
dogs.

Key words: dog; canine distemper virus; distemper, encephalomyelitis, hemogram, CSF,

histopathology, RT-PCR.
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INTRODUCTION

Different causes such as, degenerative, metabolic, autoimmune, nutritional, inflammatory,
infectious, toxic and vascular, are able to lead to neurological disease. In dogs, among infectious
etiologies, virus infection such as canine distemper virus (CDV) may be involved on the
pathogenesis of lesions in the central nervous system (CNS) (Braund, 2001).

The CDV is a non-segmented, negative single-stranded RNA virus, closely related to measles
virus and rinderpest virus, two other members of the genus Morbillivirus of the Paramyxoviridae
family (Fauquet et al., 2004). Gastrointestinal and/or respiratory signs, frequently with CNS
involvement, characterize the classical clinical presentation of distemper. However this classical
presentation is not the rule. Nervous signs can occur without any other systemic sign
(Baumgirtner et al., 1989). Authors about nervous distemper have been claiming that the typical
systemic findings, such as respiratory and gastrointestinal involvement, may be absent
(Vandevelde and Cachin, 1993), and myoclonus, a common and characteristic sign, may be not
present (Tipold et al, 1992). In such cases presented without myoclonus and extra-neural signs,
the clinical diagnosis of distemper is often difficult and may be a challenge for the veterinary
(Vandevelde and Cachin, 1993; Tipold et al, 1992).

A final ante mortem diagnosis of distemper is based on the demonstration of viral antigens in
scrapings and body fluids such as conjunctival and vaginal smears, tracheal washing, and urine
sediment (Tipold et al., 1992). For this, direct immunofluorescence test are routinely and widely
used. Unfortunately, this assay can confirm distemper only within 3 weeks after infection,
because after this time the virus disappears from the epithelial cells. Thus, in the subacute or
chronic forms of the disease, this test gives false-negative results (Jozwik and Frymus, 2005).

According to Tipold et al. (1992) viral antigen may also be hard to find in the extraneural tissues
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in cases of nervous distemper without systemic signs. Serological examination has not been very
useful in the diagnosis of distemper, because a high titre of anti-CDV antibodies may be a result
of prior vaccination, as well as of previous subclinical or clinical infection. On the other hand,
during severe distemper, the antibody titre may be low because of the strong immunosuppressive
properties of CDV. The methods available for ante mortem diagnosis of distemper to date are of
limited value, and in the majority of cases a definitive diagnosis is only possible at post mortem
(Baumgirtner, 1993). For post mortem diagnosis of CDV encephalomyelitis, detection of CDV
antigen in CNS sections by immunohistochemistry has been a specific method. However in
chronic CDV encephalomyelitis lesions, viral antigen may disappear from the inflammatory
demyelinating lesions due to the antiviral immune responses (Mueller et al., 1995). Koutinas et
al. (2002) found negative immunohistochemistry in a CNS from a dog with chronic CDV
encephalomyelitis.

Considering the infectious potential of the disease, the suspicion of distemper may be very
important in order to not hospitalizing the animal. Besides this, the diagnosis of CDV infection is
essential for the prognostic evaluation of affected individuals, and for ruling-out of differential
diagnosis, especially in animals with neurological disease. The knowledge about possible
clinicopathological presentation of CDV encephalomyelitis, particularly in cases in which the
clinical diagnosis is difficult due to absence of myoclonus and systemic signs simultaneously
with the neurological disease at the time of clinical presentation, is important for distemper
clinical recognizing and ante and post mortem diagnosis. The aim of this study was to evaluate
the hematological parameters, the result of cerebrospinal fluid (CSF) examination, the findings
on CNS histopathological section, as well the results of the neurological examination, from dogs
with CDV encephalomyelitis diagnosed at post mortem by RT-PCR and histopathology, in which

the distemper clinical diagnosis were not possible to be accomplished at the time of presentation
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due to absence of the distemper typical clinical findings such as myoclonus and extra-neural

signs, and verify if and how these parameters contribute to an etiologic diagnosis.

MATERIAL AND METHODS

Inclusion criteria

Dogs presented to the Medical and Surgical division from Veterinary Teaching Hospital of
Universidade Estadual de Londrina, Parana, Brazil, from november 2003 to november 2004, with
neurological deficits without myoclonus and absence of systemic signs at the time of hospital
admission, in which the hemogram and CSF evaluation were performed ante mortem, were
prospectively follow up during the clinical evolution. As systemic signs were considered fever,
gastrointestinal and respiratory signs. Ophthalmic evaluation was not considered. Dogs in which
systemic signs and/or myoclonus was observed after the hospital admission were not excluded
from this investigation. We excluded the animals in which the myelography evaluation suggested
compressive lesion, and that a traumatic or toxic event could be recognized as the cause of the
neurological presentation. For this study were included dogs in which were possible to obtain

CNS samples corresponding to the neurological signs at necropsy.
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Animals and clinical samples.

The dogs were accompanied from the hospital admission until the clinical outcome
(euthanasia or natural death, despite treatment), and all the data about neurological evolution
were recorded. Euthanasia, when elicited, was performed by intravenous infusion of 10% KCI,
under general anesthesia preceded by tranquilization. The owner’s consent was obtained before
both, investigation inclusion and clinical samples collection.

The dogs included in this clinicopathological study were not submitted to any stressing or
suffering proceeding. The clinical decision, medical treatment, or other diagnostic procedures
were performed by the attending veterinary. The collections of samples at ante mortem (blood
and CSF) were performed by attending veterinary during the hospital routine procedure, while
the collections of samples at post mortem (CNS fragments corresponding to the neurological

signs) were done during the necropsy.

Diagnostic criteria

The distemper encephalomyelitis diagnosis was carried out at post mortem, through RT-PCR
for CDV detection in the fresh CNS fragment and CNS histopathology. The histopathological
findings considerate as suggestive of CDV infection in the CNS was focal to multifocal vacuoles
in the white matter (demyelination) with or without inflammatory involvement.

The dogs, which CDV could be excluded as causative of the neurological signs at post
mortem were grouped and used for comparative propose, since they were from the same hospital

population and shared the same inclusion criteria.
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RT-PCR

For CDV detection by RT-PCR, RNA was extracted from an aliquot of 300 puL of suspension
(10% w/v) of fresh CNS fragments in PBS (phosphate buffered saline), according to the
silica/guanidine isothiocyanate method, described by Boom et al. (1990). Aliquots of ultrapure
(MilliQ®) sterile water were included as negative control in all the RNA extractions. The RNA
extraction was performed immediately after the CNS collection.

RT-PCR was performed using the oligonucleotides primers (Invitrogen™Life Technologies,
USA) CDV 1 (sense) [5’-aca gga ttg ctg agg acc tat-3’, nt 769-789] and CDV?2 (anti-sense) [5’-
caa gat aac cat gta cgg tgc-3’, nt.1055-1035], designed to amplify an amplicon of 287 bp size of
the CDV nucleoprotein gene (Frisk et al., 1999).

The reverse transcription was performed with 9 uLL of RNA extract and 2.0 pmol of CDV1
that was denaturated at 70°C for 10 min and immediately transferred to ice for 5 min. Following
this step was added the RT-MIX solution, made of 0.2 mM of each dNTP (Invitrogeies™ Life
Technology, USA), 1x PCR-buffer (Invitrogeies™ Life Technology, USA) (20 mM Tris-HCI pH
8.4 and 50 mM KCI), 1.5 mM MgCl,, 100 units of reverse transcriptase enzyme M-MLV
(Invitrogeies™ Life Technology, USA) and ultrapure sterile water to a final volume of 20 pl.
After homogenization, the solution was incubed at 42°C for 30 min followed by the enzyme
inactivation at 70°C for 10 min.

For the PCR reaction were used 5 uL of cDNA, 0.4 pmol of each primers (CDV1 and
CDV2), 0.2 mM of each dNTP, 1x PCR-buffer (20 mM Tris-HCI pH 8,4 ¢ 50 mM KCl), 1,5 mM
MgCly, 2,5 units of Platinum® Taq DNA Polymerase (Invitrogen™ Life Technologies, USA) and
ultrapure sterile water to a final volume of 50 pL. The reaction was realized in a thermocycler

(PTC 200, MJ Research Co. Water Town, Ma, USA), using the following time and temperature
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conditions: 1) a initial denaturation step at 94 °C for 1 min; ii) 40 cycles at 94°C for 1 min, 59°C
for 2 min and 72°C for 1 min; iii) a final extension step at 72°C for 7 min. A CDV Rockborn
strain infected Madin Darby canine kidney (MDCK) cell was used as CDV positive control.

The amplified products were analyzed by electrophoresis in 2% agarose gel with ethidium
bromide (0,5 pg/mL) in TBE buffer pH 8.4 (89 mM Tris-HCI; 89 mM boric acid; 2 mM EDTA)
in constant voltage (90 V) for approximately 45 min and visualized under UV light.

The identities of the RT-PCR products were confirmed by RFLP (Restriction fragment length
polymorphism) with Hinf I (Invitrogen™Life Technology, USA) enzyme digestion. The digestion

was performed with 18 uL of RT-PCR sample, according manufacture’s instructions.

Histopathology

CNS tissue sections were examined for CDV-induced lesions. The CNS fragments
corresponding to the signs were fixed in 10% buffered neutral formalin, embebed in histological
paraffin, sectioned at 5 pum and stained with hematoxylin and eosin (HE), following routine

procedures.

Hematological examination and CSF analysis

The blood obtained was treated with 10 % EDTA as an anticoagulant. The hematological
parameters [hematocrit (Hct), red blood cell count (RBC), white blood cell count (WBC), and
hemoglobin contend] were determined by an automated hematology instrument (computer
analyseur d’ hematologie MS4, Melet Schloesing Laboratories, France). The differential
leukocyte count was performed by manual method under light microscopy using blood smear

stained with Diff-Quik (Laborclin, Pinhais, PR, BR).
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The CSF was collected from cerebellomedulary cistern under general anesthesia. Biochemical
and cytological evaluation were performed. The CSF cells total number was count in a
hemocytometer. Biochemical evaluation consisted of protein quantification that was performed
by colorimetric method. One milliliter of CSF was centrifuged at low speed for 5 min. The
supernatant was withdrawn with a pipette and subsequently used for protein quantification. A
drop of serum was added to the cell pellet, and this mixture was then gently agitated. One drop
was gently smeared on a glass slide and stained with Diff-Quik and observed under light

microscopy.

RESULTS

Twenty dogs clinically followed up, in which were possible to obtain CNS samples
corresponding to the neurological signs at necropsy, were evaluated in this study. In 17 dogs the
owner elicited euthanasia, and the other 3 dogs died during the hospitalization period. According
to the diagnostic criteria 8 out of 20 dogs were considered as suffering from distemper
encephalomyelitis. The results of the non-distemper dogs can be found in the tables (tables 2 and

4).
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Neurological signs and clinical history

The neurological signs observed in distemper dogs, either singly or in various combinations,
were behavioral changes, compulsive walking, circling, vertical positional nystagmus, horizontal
positional nystagmus, rotatory spontaneous nystagmus, positional ventrolateral strabismus (when
the head was dorsally extended), head tilt, seizure, intentional tremor of the head, head and trunk
ataxia, tetraparesis/plegia, paraplegia, opisthotonos with spasticity and rigidity of thoracic limb,
myoclonus, spinal hiperesthesia, and dysmetria with hypermetria (table 1). Although myoclonus
was absent at the time of admission, one dog (case 15) manifests it 22 days after hospital
presentation, during the clinical evolution. The onset of neurological signs was acute in two
distemper dogs (cases 18 and 22) and gradual with a progressive course in the remaining 6
distemper dogs ( cases 05, 13, 15, 16, 17, 30), however the nervous signs were progressive and
multifocal in all eight dogs. Distemper dogs were 59.4 month old on average (the age range from
7 month to 13 years old). Four animals had received 3 or more vaccination against distemper with
life modified virus (n° 15, 16, 22, and 30), two were unvaccinated dogs (n° 05 and 13), while the

other two dogs had an unknown vaccination status (n® 17 and 18).

CDV detection by RT-PCR
The RT-PCR in fresh CNS samples from 8 (40%) out of 20 dogs (n° 05, 13, 15, 16, 17, 18,
22, 30) amplified a fragment of 287 bp size that was cleaved by Hinf I as expected to the CDV,

and yielded fragments of 227 and 60 bp size.
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Histopathology

All the dogs which CDV could be detected in fresh CNS samples by RT-PCR showed
histopathological lesions compatible with CDV encephalomyelitis, and none of them showed
cysts of Toxoplasma gondii or Neospora caninum in the CNS fragments examined. In one dog
(n® 22) the histopathological examination could not be performed because the fixed samples were
lost during the procedure, nevertheless the CDV could be identified by RT-PCR in the CNS.
None of the dogs (the remaining 12 dogs) in which the CDV was not detected in the CNS by RT-
PCR assay showed lesions compatible to CDV infection. The frequent histopathological findings
in the CNS of the distemper dogs consisted of focal to multifocal vacuoles in the white matter,
perivascular mononuclear cell infiltration, mononuclear cells infiltrated diffusely into the
parenchyma, malacia, glial reaction, and perimeningeal mononuclear infiltrate. These findings
were observed in the CNS fragment corresponding to the neurological signs in various
combinations. According to signs of demyelination and inflammation affected areas were
grouped in acute or chronic CDV encephalomyelitis. These foci were located in the white matter
of the sections. Two dogs were suffering from the acute non-inflammatory CDV
encephalomyelitis (n° 13, 16), while the other was suffering from chronic inflammatory CDV
encephalomyelitis (n® 05, 15, 17, 18, 30) (table 3). Acute lesions were characterized by
demyelination with focal to multifocal vacuolation of the white matter. Mononuclear cells
infiltrated into the parenchyma and perivascular cell infiltrates were absent. There were an
increase number of reactive astrocytes, macrophages and microglial cells. Occasionally, scattered
lymphoid cells were found around blood vessels. In chronic lesions the invasion of inflammatory
cells was prominent. Lymphocytes accumulated around blood vessel forming partly multi-layered
perivascular cuffs. Immune cells also diffusely invaded the parenchyma. The demyelinating

lesions could be observed as either a marked spongy state with relative small vacuoles or more
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diffuse with large vacuoles, probably due to tissue edema. Severe destruction of the white matter

with large areas of malacia could be also observed.

Hemogram and CSF evaluation

Anemia, neutropenia, neutrophilia, and lymphopenia were hematological abnormalities found
singly or in combination on the hemogram of 5 out of 8 dogs with distemper encephalomyelitis.
In three out of 8 distemper dogs, no hematological abnormalities were observed. Lymphocytic
pleocytosis characterized the abnormality in the CSF from all (8/8) distemper dogs. The

hematological examination and CSF evaluation from distemper dogs are presented in the table 3.

DISCUSSION

The RT-PCR is a usefulness, fast, sensitive, and specific method for detection of CDV
infection in dogs (Frisk et al., 1999; Moritz et al., 2000; Kim et al., 2001; Rzezutka and Mizak,
2002; Gebara et al., 2004a/b; Shin et al., 2004; Jozwik and Frysmus, 2005; Amude et al., 2005).
The set of NP gene specific primers included in the present study was previously used, for CDV
detection, by different authors (Frisk et al., 1999; Moritz et al., 2000; J6zwik and Frysmus, 2005).
Since the NP is required for virus replication, the mRNA of the NP gene is transcribed most
extensively in infected cells (Shin et al., 1995) and seems to be a good marker of infection. The
histopathological findings in the CNS of dogs with distemper molecular diagnosis were
compatible with CDV encephalomyelitis (Vandeveld and Zurbriggen, 1995; Summer et al., 1995;
Schobesberger et al., 2002; Gebara et al., 2004a). The RT-PCR and RFLP results, associated with
the histopathological findings, support that the CDV was the etiological agent causative of the

neurological signs in 8 (40%) out of 20 dogs included in this study.
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As the CDV may affects both white and gray matter within the CNS (Summer et al., 1995) a
variety of neurological signs may be observed, including behavioral changes, seizures, cerebellar
and vestibular signs, visual deficits, paresis, paralysis, and myoclonus (Shell, 1990; Tipold et al,
1992; Vandevelde and Cachin, 1993; Tipold et al, 1996). Considering the neurological signs
observed during the neurological examination, at the time of admission and through the clinical
follow up, of the dogs with distemper encephalomyelitis of this study, vertical positional
nystagmus, horizontal positional nystagmus, rotatory spontaneous nystagmus, and positional
ventrolateral strabismus when the head was dorsally extended, were vestibular signs. Truncal
ataxia, head ataxia such as intentional tremor, and hypermetria were common cerebellar sings.
Opisthotonos with spasticity and rigidity of thoracic limb was also verified in 2 distemper dogs
and is known as decerebelate rigidity. This signs take place with rostral cerebellar lesion
(Braund, 1994), and has been a common sign typically observed with acute cranial trauma or
during the neurological progression of brain edema after the cranial trauma (Dewey et al., 1992).
In our clinical study the decerebelate rigidity was manifested mainly after clinical manipulation.
Tudury et al. (1997), studding distemper in dogs with systemic and neurological involvement
suggestive of CDV infection, verified that vestibular and cerebellar signs, had very low frequency
in dogs with CDV encephalomyelitis presented with the classical clinical findings of distemper.
Similar results also were mentioned by Parker (1978). In our investigation, studing the cases of
distemper encephalomyelitis presented without myoclonus and systemic disturbs, cerebellar and
vestibular signs were frequents. Truncal ataxia and head ataxia such as intentional tremor of the
head, were not only frequent cerebellar signs, like as a neurological parameter that suggested the
distemper encephalomyelitis clinical diagnosis in our opinion. These signs were found in 62.5%
(5/8) of distemper dogs, while in the group used for comparative purpose it had a low frequency

[16.66% (2/12)]. Greene and Appel (1998) and Shell (1990) also state that cerebellar and
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vestibullar signs are common with CDV infection. According to the literature, there is a CDV
lesion apparent predilection for the central white matter of the cerebellum, and cerebellar
peduncles (Summer et al., 1995). Vestibular signs may take place with lesions in cerebellar
peduncles (Braund, 1994). Nystagmus, a vestibular sign, was also frequent [62% (5/8)] in our
dogs with distemper encephalomyelitis. Nevertheless the frequency of other typical vestibular
signs, such as head tilt [12.5% (1/8)], not matched with nystagmus frequency. In the group used
for comparative purpose the nystagmus frequency was not so high, however both, nystagmus and
head tilt had a similar frequency [33.33% (4/12)]. Cerebellar and/or vestibular signs progressing
to tetraparesis/plegia were also a neurological evolution that suggested the clinical diagnosis of
distemper encephalomyelitis in our study, since this clinical evolution took place in 87.5% (7/8)
of distemper dogs, while it was only observed in 25% (3/12) of non distemper dogs (data not
showed).

In our study it was possible to recognize histopathological findings compatible with acute
CDV demyelination in two cases, while the others were compatible with the chronic CDV
encephalomyelitis. The acute CDV encephalomyelitis develops during a period of severe
immunosuppression and is not inflammatory (Vandevelde and Zurbriggen, 1995). This
mechanism of demyelination have been examined and it was shown that the initial lesions is
directly virus-induced, since there is a clear correlation between the occurrence of demyelination
and the CDV replication in the cells of the white matter (Vandevelde et al, 1985). Although the
literature claim that this encephalomyelitis form develops during severe immunosuppression
(Vandevelde and Zurbriggen, 1995), the dogs suffering from acute demyelination were not
considered as undergoing an immunosuppression period since they were not lymphopenic in
none of the hematological examination performed. The chronic CDV lesions are characterized by

influx of inflammatory cells, mostly mononuclear, and coincide with the recovery of the immune
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system (Vandevelde and Zurbriggen, 1995). The inflammatory cells accumulate around blood
vessels forming partly multi-layered perivascular cuffs, and also invaded the parenchyma
(Schobesberger et al, 1999; Schobesberger et al, 2002). The inflammatory reaction in the
demyelinating lesions can lead to progression of the tissue damage. Although chronic CDV
lesions coincide with recovery of the immune system (Vandevelde and Zurbriggen, 1995), 3 out
of 5 dogs suffering from chronic encephalomyelitis were lymphopenic, even in the last
examination immediately before the euthanasia. The predominance of early (acute) distemper
encephalitis over late (chronic) lesions, has been observed by some author (Vandevelde et al.,
1981; Palmer et al., 1990). Headley et al (2001) also observed this pathological finding and
suggested that early lesions are probably the most frequent occurring forms of distemper
encephalitis under natural conditions. However, in our study with naturally infected dogs, the late
lesions compatible with the chronic CDV encephalomyelitis were predominant, probably due to a
bias of selection. The spectrum of the CDV lesions appears to be wide, nevertheless the
neuropathology of spontaneous distemper is remarkably constant. The variability of the
neuropathology is largely due to the lesions evolution when the disease progress (Vandevelde and
Zurbriggen, 1995; Schobesberger et al., 2002). Headley et al. (2001), as well as several authors,
had been studying naturally occurring distemper mainly in immature dogs, since the prevalence
of the disease is high in this population and it’s the most common form of CDV infection
(Braund, 1994). Immature dogs infected with CDV are more prone do develop seizure. This
cortical and subcortical sign in distemper is of difficult control and may lead to death (Shell,
1990). Because of this clinical condition, the main of the distemper dogs studied by Headley et al.
(2001), Vandevelde et al. (1981), and Palmer et al. (1990), died or were euthanized early during
the disease progression, and it is possible that the late lesions compatible with chronic CDV

encephalomyelitis did not have time to occur. In addition to acute or chronic CDV demyelination,
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there are very early findings in which no demyelination is noted, although the CDV infection
may be identified. Recently Schobesberger et al (2002) introduced the term of peracute lesions to
consider this category. In our study peracute lesions were not verified through histopathological
examination on the CNS fragments collected, being the demyelinating lesions a constant
parameter.

Different abnormalities were found in the hematological examination of dogs with
distemper encephalomyelitis. However these abnormalities could not be used as parameters for
CDV infection since they were also frequently present in the hemogram of the group used for
comparative purpose. Nevertheless in 3 out of 8 distemper dogs the hematological parameters
were within normal limits. In experimental infected animals, frequent hematological findings are
lymphopenia, sometimes combined with leukopenia or leukocytosis with left shift, anemia, and
rarely thrombocytopenia. Several hematological abnormalities have been reported with distemper
in natural occurring disease (Moritz et al, 2000). Tudury et al (1997), studding the nervous form
of distemper, reported that anemia and lymphopenia were frequent hematological changes found
in cases of distemper encephalomyelitis. However the previous cited studies were descriptive
studies and a cause-consequence relationship could not be secured. According Shell (1990), the
hematological parameters are frequently absent or nonspecific in dogs with CDV naturally
infected. In a study, when the hematological findings from distemper dogs were compared with
data from non-distemper dogs, no significant statistic difference was found (Gebara et al, 2004b).
Lymphopenia has been widely used in the veterinary hospital routine to incriminate distemper as
a potential diagnosis in dogs suffering from neurological disturbs. According our results, this
hematological finding interpretation should be done with caution, since lymphopenia had a
similar frequency in distemper (3/8) and no-distemper dogs (4/12), both suffering from

neurological deficits. The practicing veterinary need to take care with this hematological finding
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and attend to the fact that the mainly ill dogs are undergoing to a stressing period. Stress is a
potential cause of lymphopenia in dogs.

The abnormalities in the CSF from all dogs with CDV encephalomyelitis consisted of
pleocytosis with lymphocytes predominance. The total protein was within normal limits. When
the typical clinical findings, such as systemic signs and myoclonus are lacking at the time of
hospital admission, the clinical diagnosis of distemper encephalomyelitis is difficult (Tipold et al,
1992; Vandevelde and Cachin, 1993), and laboratorial procedures are required to suspect CDV
infection. Examination of the CSF can be a very useful diagnostic procedure in distemper
encephalomyelitis. CSF analysis may support the diagnosis of CDV infection if a lymphocytic
pleocytosis (greater than 5 leukocytes/pl) is present (Shell, 1990). A CSF pleocytosis that is more
than 60% lymphocytes has been typically associated with viral encephalitis, but has also been
reported with granulomatous meningoencephalitis (GME) and bacterial infection especially after
antibiotic therapy (Chrisman, 1992). It has been claimed that a mild to moderate pleocytosis (5-
100 WBC/ul) is frequently associated with CDV infection (Braund, 1994) and CSF analysis in
distemper often yields less dramatic pleocytosis (less than 25 cells/ul) than GME (Bailey and
Higgins, 1986). Mild pleocytosis (10 - 45 cells/ul) were found in 6 (75%) (n° 05, 13, 15, 18, 22,
30) out of 8 cases of distemper encephalomyelitis, and moderate pleocytosis (61 cells/ul) in 1
(12.5%) (n°® 17) case. The remaining case (n° 16) revealed a severe pleocytosis (544 cells/pl).
This last CSF finding is an unusual result for CDV infection. Severe pleocytosis with
lymphocytes predominance has been often associated with GME (Chrisman, 1992; Ryan et al.,
2001). Not all dogs infected with CDV, however, will have changes in CSF (Shell, 1990). Tipold
et al. (1996) reported that in 3 out of 40 CDV encephalomyelitis cases the CSF was normal.

Koutinas et al. (2002) also reported normal CSF in 8 out of 19 distemper encephalomyelitis dogs.
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The CSF results from the distemper dogs were abnormal in all the studied cases of the present
study. The CSF pleocytosis showed by all distemper dogs might suggest an inflammatory
involvement, however 2 cases were suffering from the non-inflammatory CDV
encephalomyelitis. The dog which showed the greater lymphocytic pleocytosis (544 cells/ul),
contradictorily, was one which was suffering from the acute non-inflammatory
encephalomyelitis. Other authors also had reported a lack of correlation between the CSF and
CNS histopathological findings. CSF abnormalities were seen in two dogs with the non-
inflammatory form of the CDV encephalomyelitis (Koutinas et al., 2002). Tipold et al. (1996)
reported that in 17 out of 32 cases with the non-inflammatory encephalomyelitis form of the
disease, the CSF was abnormal. In our investigation CSF evaluation suggested the diagnosis of
CDV encephalomyelitis, since 100% (8/8) of the case with CDV encephalomyelitis were
presented with lymphocytic pleocytosis, while this finding was present in only 33.33% (4/12) of
the dogs from the group used for comparative purpose.

In several studies involving natural-occurring nervous distemper, systemic signs
simultaneously to the neurological disease have been the most common clinical course, as well
seizures and myoclonus have been considered the most frequent neurological findings (Shin et al,
1995; Tudury et al., 1997; Frisk et al, 1999; Moritz et al, 2000; Koutinas et al, 2002; Moro et al
2003; Gebara et al, 2004 a/b; Saito et al., 2005 a/b). Nevertheless these clinical findings may
result from a bias of selection, since the authors considered as inclusion criteria classical clinical
findings of distemper. The “classical” distemper presentation is not the rule (Tipold et al, 1992).
Researchers about nervous distemper had been claiming that the typical systemic findings are
absence in about half of the cases (Vandevelde and Cachin, 1993), and myoclonus may be

lacking in more than half of the cases (Tipold et al, 1992). Our study was able to recognize
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distemper in 40% (8/20) of dogs with neurological presentation without myoclonus and in the
absence of systemic disease at the time of hospital admission. Seizure was not an often
neurological sign because this cortical/subcortical sign has been typically found in young dogs.
This CDV encephalomyelitis clinical form is frequently associated with systemic involvement,
and this clinical presentation was not included in our study.

It had been claimed that neurological signs of CDV might occur much later (months or
years) after the systemic infection, as a “post infectious encephalitis”. This concept had been used
to justify the situations where the clinical course was restricted to the neurological disease. In
spite of this there is no experimental evidence at all to support this notion (Tipold et al, 1992;
Vandevelde and Zurbriggen, 1995). In previous study we were able to detect the CDV in urine
from distemper dogs with neurological presentation without the typical systemic signs of the
disease (Amude et al., 2005). This results in spontaneous cases of nervous distemper suggest that
at the moment of the clinical presentation, even in cases which there are only the neurological
signs, the animals are undergoing a systemic infection or the infection had just been a recent
event, since the virus still was identified in urine from animals with the clinical condition
restricted to the neurological presentation.

Although the clinical diagnosis of distemper is difficult when systemic signs and
myoclonus are lacking at the time of hospital admission, cerebellar and/or vestibular signs
progressing to tetraparesis, is a neurological presentation that may suggest CDV
encephalomyelitis as diagnosis. In dogs with distemper encephalomyelitis, changes in
hematological parameters are frequently absent or non-specific, nevertheless the CSF evaluation
may suggest CDV infection by a lymphocytic pleocytosis. At post mortem, demyelinating lesions
may be a constant finding in CNS sections from distemper dogs presented exclusively

neurological disease, and chronic encephalomyelitis is predominant.



Table 1 - Frequency of neurological deficits verified during the clinical
evolution from the dogs with distemper encephalomyelitis (N = 08) attending
at Veterinary Hospital of Universidade Estadual de Londrina from november
2003 to november 2004, diagnosed at post mortem by RT-PCR and

histopathological examination.

Neurological deficit f %

Postural reactions deficits 8 100.0
Tetraparesis/plegia 6 75.0
Nystagmus 5 62.5

Truncal ataxia/ head ataxia (intentional tremor of the

head) 5 62.5

Inappropriate consciousness content/ compulsive

walking/ seizure/ dysmetria (hypermetria)/ decerebelate

rigity”. 2 25.0
Head tilt/ vestibular strabismus®/ personality changes/

walking in circles/ head pressing/ myoclonus/ menace

deficit/ paraplegia/ spinal hiperesthesy. 1 12.5

* opisthotonos with spasticity and rigidity of thoracic limb

b positional ventrolateral strabismus when the head was dorsally extended
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Table 2 - Frequency of the neurological deficits verified during the clinical

evolution from the non distemper dogs (N = 12) attending at Veterinary

Hospital of Universidade Estadual de Londrina from november 2003 to

november 2004.

Neurological deficit f %
Postural reactions deficits 10 83.3
Tetraparesis/plegia 6 50.0
Ataxia of the limbs/ depression 5 41.7
Nystagmus/ head tilt/ vestibular strabismus” 4 333
Seizure/ menace deficit 3 25.0
Head ataxia (intentional tremor of the head)/

inappropriate consciousness content/ walking in tight

circles/ decerebelate rigityb/ paraplegia/ spontaneous

strabismus/ midriase. 2 16.7
Personality changes/ walking in open circles/ myoclonus/

spinal hiperesthesy/ hemiparesis/ facial paralysis/

cervical pain/ absence of oculocephalic reflex/ impaired

retraction of eyeball. 1 8.3

? positional ventrolateral strabismus when the head was dorsally extended

b opisthotonos with spasticity and rigidity of thoracic limb
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Table 3 — Encephalomyelitis type and respective abnormalities in the hematological

parameters and cerebrospinal fluid evaluation from the dogs with distemper

encephalomyelitis (N = 08) attending at Veterinary Hospital of Universidade Estadual de

Londrina from november 2003 to november 2004, diagnosed at post mortem by RT-PCR

and histopathological examination.

Histopathological dog hemogram CSF evaluation
features
Acute non- 13 Anemia (4,03x10° Mild pleocytosis (18 WBC/ul) with
inflammatory RBC/ul, Het 23,8%,  68% lymphocytes and 32% neutrophils
CDhV Hgb 7,6 g/dl)
encephalomyelitis 16  Neutrophilia with left  Severe pleocytosis (544 WBC/ul) with
shift (18x10° 75% lymphocytes, 15% neutrophils,
neutrophils/pl, and 5% monocytes
3,24x10° band cells/ul)
Chronic 05 Lymphopenia (846/ul) Mild pleocytosis (10 WBC/ul) with
inflammatory 98% lymphocytes and 2% neutrophils)
CDhV
encephalomyelitis 15 Neutropenia (2865/ul),  Mild pleocytosis (23 WBC/ul) with
limphopenia (764/ul)  85% lymphocytes and 15% neutrophils
17  Within normal limits Moderate pleocytosis (61 WBC/ul) with
98% lymphocytes and 2% neutrophils
18  Within normal limitis Mild pleocytosis (45 WBC/ul) with
94% lymphocytes and 6% neutrophils
30 Lymphopenia (360/ul)  Mild pleocytosis (26 WBC/ ul) with
64% lymphocytes and 36% neutroplis
Not available 22 Within normal litmits Mild pleocytosis (43 WBC/ul) with

97% lymphocytes and 3% neutrophils
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Table 4 - Abnormalities in the hematological parameters, and findings in the cerebrospinal

fluid evaluation of the non distemper dogs (N = 12) attending at Veterinary Hospital of

Universidade Estadual de Londrina from november 2003 to november 2004.

case hemogram CSF evaluation
01 Lymphopenia (664/ul), anemia Moderate protein increasing (78 mg/dl)
(3,20x10° RBC/pl, Het 22,1%, Hgb
5,7 g/dl, 01% eritroblastos)
04 Within normal limits Within normal limits
06 lymphopenia (284/pl) Mild protein increasing (44,2 mg/dl), severe
lymphocytic pleocytosis (1579 WBC/ul) with
99% lymphocytes and 1% neutrophils
07  Neutropenia (84/ul), lymphopenia Mild lymphocytic pleocytosis (33 WBC/ul)
(196/ul), anemia (2,83x106 with 90% lymphocytes and 10% neutrophils
RBC/ul, Het 18%, Hgb 5,3¢g/dl),
trombocytopenia (25x10%/ul)
08 Lymphopenia (119/ul), anemia Mild lymphocytic pleocytosis (13 WBC/ul)
(4,49x10° RBC/pl, Het 29,1%, Hgb ~ with 94% lymphocytes and 6% neutrophils
8,2 g/dl)
09 Within normal limits Mild mixed cell pleocytosis (9 WBC/ul) with
58% lymphocytes and 42 % neutrophils
10 Trombocytopenia (42x10°/p1l) Not available
14 Within normal limits Moderate mixed cell pleocytosis (98 WBC/pul)
with 52% lymphocytes and 58% neutrophils
21 Within normal limits Mild protein increasing (33,8 mg/dl), severe
mixed cell pleocytosis (444 WBC/ul) with 43%
lymphocytes and 57% neutrophils
27 Within normal limits Within normal limits
28  Anemia ( 3,10x10° RBC/ ul, Het Within normal limits
19,6%, Hgb 6,0 g/dl)
31 Within normal limits Moderate lymphocytic pleocytosis (59 WBC/

ul) with 87% lymphocytes, 12% neutroplis and
1% monocytes
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CONCLUSOES

e Encefalite do cdo velho, encefalomielite do cdao jovem e encefalomielite do cao adulto sdo
sindromes clinicas determinadas pela infeccdo do virus da cinomose canina, onde a
mioclonia e os sinais sist€émicos podem estar ausentes no momento da manifestacdo dos
déficits neurologicos.

e Os parametros hematologicos podem estar normais, e quando alterados nao sao
considerados especificos no curso da encefalomielite pelo CDV.

e A andlise do liquor pode sugerir infec¢do pelo CDV quando pleocitose linfocitaria ¢é
verificada.

o Lesdoes desmielinizantes foram uma constante nos cortes histopatoldgicos, sendo a
encefalomielite cronica predominante.

e Sinais cerebelares e/ou vestibulares progredindo para tetraparesia, foi uma apresentacao

neurologica que sugeriu a encefalomielite pelo CDV como diagnoéstico clinico.
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ANEXO 1 - Lista de reagentes

1. Acido bérico (PM 61,83)

Agarose (Gibco BRL®)

Acetona PA (PM 78,13) (Dinimica®)

Alcool etilico hidratado 92,8° INPM — 95,0° GL (C,H,0H) 35,71 ml

Brometo de etidio (C,;HyoN3Br - PM 394,3) (SIGMA®)

Cloreto de Magnésio (MgCl,) (Invitrogen™ Life Technologies, EUA)

dNTP (100 mM, 4 x 250 pL; 25 pmol cada - 100 mM dATP, 100 mM dCTP, 100 mM
dGTP, 100 mM dTTP) (Invitrogen ™ Life Technologies)

8. EDTA dissodium (PM 372,24)

9. Isotiocianato de guanidina (PM 118,16) (Gibco BRL®)

A

10. Oligonucleotideos iniciadores (Invitrogen™™ Life Technologies, EUA)

11. Padrio de tamanho molecular 123 pb (Invitrogen™™ Life Technologies, EUA)

12. PCR Buffer 10x (200 mM Tris-HCI, pH 8.4; 500 mM KCl - Invitrogen'™ Life
Technologies, EUA)

13. Taq DNA polymerase recombinant — 5U/ul (Invitrogen™ Life Technologies, EUA)

14. Triton X-100 (Gibco®)

15. Heparina (LIQUEMINE, ROCHE, BRASIL)
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ANEXO 2 - Lista de solugdes e tampdes

Preparo de solucGes e tampdes de biologia molecular

Alcool Etilico 70%
- Alcool etilico hidratado 92,8° INPM — 95,0° GL (C,H,OH) 35,71 mL
- 100 mL de H,O miliQ g.s.p.

Silica

- 60 g de silica (Dioxido de silica - Si0;)

- 500 mL de H,O milliQ autoclavada q.s.p.

- agitar lentamente e manter em repouso durante 24 horas

- desprezar 430 mL do sobrenadante por suc¢ao

- ressuspender 500 mL da silica em H,O miliQ autoclavada q.s.p.
- permanecer em repouso por 5 horas

- desprezar 440 mL do sobrenadante

- adicionar 600uL de acido cloridrico (HCI) - ajustar o pH (2,0)

- aliqiiotar e autoclavar

Tampao L6

- 120g de isotiocianato de guanidina

- 100 mL de Tris-HC1 0,1M (pH 6,4)

- 22 mL de EDTA (acido etilenodiaminotetraacético) 0,2M (pH 8,0)
- 2,6 g de Triton X-100

Fonte: BOOM et al. (1998)
Tampéo L2

- 120 g de isotiocianato de guanidina

- 100 mL de Tris-HC1 0,1M (pH 6,4)
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Fonte: BOOM et al. (1998)

Tampao Fostato Salina - PBS 1x [ ]

- Cloreto de sodio, P.A. (NaCl) 8,0 g (137 mM)

- Cloreto de potassio, P.A. (KCI) 0,2 g (3 mM)

- Sédio fosfato dibasico anidro, P.A. (Na,HPO,) 1,2 g (8 mM)
- Potassio fosfato monobasico, P.A. (KH;PO4) 0,2 g (15 mM)
- H,O bd g.s.p. 1.000 mL

Tampdao de corrida para eletroforese em gel de agarose - TEB (Tris — &cido borico — EDTA)
10x[ ]

- 10,778 g de Tris (Hidroximetil amino metano) - 89 mM

- 5,503 g de acido boérico (H;BOs) - 89 mM

-0,747 g de EDTA - 2 mM

- H,O bd g.s.p. 1.000 mL

-pH 8,4

Tampao de amostra para Agarose
- Azul de bromofenol 0,25%
- Sacarose, P.A. — sucrose (C1,H2,011) 45%
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ANEXO 3 - Protocolos de técnicas moleculares

Protocolos de técnicas moleculares

Extracéo do Acido nucleico pela técnica de silica / tiocianato de guanidina

-Adicionar 300uL de suspensdo 10% p/v em PBS de macerado do sistema nervoso central
- Adicionar 25 pL de silica hidratada

- Adicionar 900 uL de solugdo L6

- Homogeneizar em vortex

- Agitar durante 30 minutos em temperatura ambiente

- Centrifugar a 10.000 x g durante 30 segundos

- Desprezar o sobrenadante em solu¢ao contendo NaOH 10 M
- Adicionar 500 uL de solugdo L2

- Homogeneizar em vortex

- Centrifugar a 10.000 x g durante 30 segundos

- Desprezar o sobrenadante em solu¢do contendo NaOH 10M
- Adicionar 500 pL de solugao L2

- Homogeneizar em vortex

- Centrifugar a 10.000 x g durante 30 segundos

- Desprezar o sobrenadante em solu¢ao contendo NaOH 10M
- Adicionar 1000 pL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar a 10.000 x g durante 30 segundos

- Desprezar o sobrenadante

- Adicionar 1000 pL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar a 10.000 x g durante 30 segundos

- Desprezar o sobrenadante

- Adicionar 1000 pL de acetona PA gelada

101



102

- Homogeneizar em vortex

- Desprezar o sobrenadante

- Secar o pellet em banho-maria a 56°C durante 15 minutos
- Adicionar 50 pL de 4gua ultrapura autoclavada

- Homogeneizar em vortex

- Deixar em banho-maria a 56°C durante 15 minutos

- Homogeneizar em vortex

- Centrifugar a 10.000 x g durante 2 minutos

- Recolher o sobrenadante (40uL)

- Estocar a —20°C

Gel de Agarose a 2%

- Agarose 1,0 g

- TEB 1x[ ] 50 mL

- Ethidium bromide (C;;HoN3Br) 15 uL

- aplicar 8 pL do produto com 2 uL do tampao de amostra para agarose e submeter a eletroforese
no tampao de corrida

- visualizar em luz ultravioleta
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APENDICES
Documentacéo fotografica
Quadro 1



Documentacao fotografica

369 pb _,
246 pb _,

123pb _,

Figura 1. Eletroforese em gel de agarose 2%, corado com brometo
de etidio, dos produtos de amplificacdo do gene da nucleoproteina
do virus da cinomose canina, obtidos pela técnica da RT-PCR
realizada em fragmentos de sistema nervoso central (SNC) de caes
com sinais clinico neurolégicos, € dos fragmentos do cDNA
clivados com a enzima de restricdo Hinf I. Canaleta 1. Controle
negativo da extragdo do 4cido nucléico (agua ultrapura
autoclavada); Canaleta 2: Padrdo de tamanho molecular com 123
pb (Invitrogen Life Technology, EUA); Canaletas 3, 5, 7 ¢ 9:
Estirpe Rockborn do virus da cinomose canina (controle positivo)
(3), amostras do SNC do cao 13 (5), cao 16 (7) e do cao 30 (9);
Canaletas 4, 6, 8 ¢ 10: Amostras do SNC referente as canaletas 3,
5,7 ¢9, clivadas com a enzima Hinf I.
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Figura 2: Fotomicrografia do cerebelo (substincia branca) do cdo 05 que apresentou
sinal clinico neurolégico e diagndstico etioldgico positivo para o virus da cinomose
canina realizado pela técnica da RT-PCR, evidenciando achados histopatoldgicos
compativeis com a encefalomielite cronica da cinomose: infiltrado inflamatério
mononuclear perivascular ( mm ), vacuolizagdo da substincia branca [desmielinizagdo
(*)], e infiltrado inflamatorio mononuclear no parénquima. (coloragdo HE; objetiva de
20X).
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Figura 3: Fotomicrografia do cerebelo do cdo 16 que apresentou sinal clinico
neuroldgico e diagnostico etioldgico positivo para o virus da cinomose canina realizado
pela técnica da RT-PCR, evidenciando achados histopatologicos compativeis com a
encefalomielite aguda da cinomose: vacuolizagdo multifocal da substancia branca
[desmielinizagdo ( mmp )] € auséncia de resposta inflamatoria (coloragdo HE; objetiva de
10X).
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Figura 4. Fotomicrografia do corte histolégico do SNC do cdo 16 com corpusculo de
inclusdo viral (*) (coloragdo HE; imersdo).
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Figura 5. Fotomicrografia de esfregago de liquor com pleocitose linfocitica (Diff-Quik). A:

objetiva de 40X; B: objetiva de 20 X.



Quadro 1 — Distribui¢do dos 20 animais incluidos nessa pesquisa com relagdo a idade, raga, sexo, sobrevida, dados de
vacinacao, déficits neurologicos observados durante a evolugao clinica e respectivas sindromes neurologicas.

Cao/idade Raga/sexo Sobrevi vacina Déficits neurologicos observados durante a evolucdo neurologica Sindrome

(meses) da (dias) neurologica

Grupo 1 13/36 SRD/F 12 Nao  Atividade semelhante a convulsdo (relatada pelo proprietario),  Cerebral e
alteragdo de comportamento (agressividade), conteudo de cerebelar
consciéncia inapropriado, andar compulsivo, andar em circulos,
ataxia do tronco e cabega”, compressdo de cabeca, déficits de
reacdes posturais, hipermetria leve, tetraparesia.

16/132 SRD/F 31 Nao  Andar compulsivo, convulsdo focal com generalizagdo secundaria, Cerebral,
conteido de consciéncia inapropriado, nistagmo posicional vestibular e
vertical, déficit de reacdo de ameaca, tetraparesia espastica, déficits cerebelar
de reagdes posturais, rigidez de decerebelacdo®.

05/62 Collie/F 32 Sim  Fraqueza dos membros posteriores, tetraparsi/plegia espastica, Cerebelar e
auséncia de reacdes posturais, ataxia do tronco e cabega, nistagmo  vestibular
espontaneo rotatorio bilateral, estrabismo vestibular "

15/7 SRD/M 15 Sim  Fraqueza dos membros posteriors, ataxia do tronco e cabega, Cerebelar e
nistagmo posicional vertical, déficits de reagdes posturais,  vestibular
tetraparesia/plegia espastica, mioclonia no membro posterior
esquerdo e nos musculos mastigatorios.

17/18 Pastor 33 ND Fraqueza dos membros posteriores, ataxia do tronco e cabeca, Cerebelar e

Alemao/M nistagmo vertical posicional, tetraparesia/plegia espastica, déficits vestibular
de reagdes posturais, dor a palpacao da coluna.

18/21 Cooker 7 ND  Ataxia do tronco e cabeca, teraparesia espastica, nistagmo vertical ~ Cerebelar e

. posicional com mudanga para rotatério com alteracdes da posicao vestibular
spaniel/M . . e O
da cabega, severa hipermetria, déficits de reagoes posturais rigidez
de decerebelagio.
22/145 Cooker 10 Sim  Paraplegia espastica evoluindo para paraplegia flacida, auséncia de Toracolombar
. reacdes posturais nos membros posteriores. ¢ lombosacra
spaniel/F
30/55 Boxer/M 22 Sim Ataxia do tronco e cabega, tor¢do de cabega para direita, Vestibulare

tetraparesia/plegia espastica,
déficits de reacdes posturais.

nistagmo posicional horizontal,

cerebelar
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Grupo II 01/48 Fila
Brasilero/M
04/15 Lhasa
Apso/M

06/131 Pincher/M

07/130 SRD/M
08/ND Collie/F
09/84 Pastor
Alemao/M
10/46 Pincher/F
Grupo 11 14/7 SRD/F

21/32 Labrador/F

27/23 SRD/F

68

43

240

24

31

70

ND

Nao

Sim

Sim

Sim

Nao

Sim

Sim

Sim

Sim

ND

Ataxia nos 4 membros, tetraparesia espastica, auséncia de reagdes
posturais, nivel de consciéncia deprimido, nistagmo vertical (OD),
paralisia facial (D).

Estrabismo lateral bilateral espontaneo, estrabismo vestibular
(OE), midriase bilateral, auséncia da reacdo de ameaga, cegueira,
andar em circulos pequenos para a esquerda, tor¢ao de cabeca para
esquerda, paraplegia espdstica, reagdes posturais ausentes nos
posteriores e normal nos anteriores, auséncia de dor superficial nos
MPs e diminui¢do da dor profunda nos MPs.

Historico passado de caminhar em circulos abertos a esquerda de
evolucdo cronica. Convulsdo ha 8 meses. Evoluiu para convulsoes
em cluster de dificil controle. Convulsdes focais (movimentos de
mascar) com generalizagdo secundaria.

Ataxia dos 4 membros, ataxia de cabega, tor¢do de cabega,
tetraparesia espastica, auséncia das reagdes posturais, nivel de
consciéncia deprimido com evolugdo para coma, estrabismo
ventrolateral espontdneo em OD, nistagmo horizontal OD,
midriase bilateral, auséncia da reagdo de ameaga ¢ reflexo
oculovestibular, postura de decerebelagao.

Nivel de consciéncia deprimido, estrabismo vestibular bilateral,
tetraparesia espastica, reagdes posturais diminuidas, tor¢cdo de
cabeca para a direita, ataxia de cabeca.

Alteragdo de personalidade (agressividade), conteido de
consciéncia inapropriado com nivel alerta, fraqueza episodica dos
membros. Reagdes posturais ausentes

Andar em circulos e quedas (rolava) para o lado direito,
tetraparesia espastica, auséncia de reagdes posturais, convulsdes,
nivel de consciéncia deprimido com contetido inapropriado,
nistagmo posicional horizontal, estrabismo vestibular (OD), tor¢ao
de cabeca a esquerda, diminui¢do da rima palpebral esquerda,
movimentos espasmoddicos ritmicos (mioclonia) na face e no
membro anterior esquerdo e posterior esquerdo.

Ataxia dos 4 membros, tetraparesia espastica, nivel de consciéncia
deprimido, nistagmo posisional vertical, diminuigdo da reagdo de
ameaca, diminuicdo do reflexo de retracdo do globo ocular,
reacOes posturais ausentes, rigidez de decerebelagio.

Ataxia dos membros posteriores, paraplegia espastica, reagdes
posturais ausentes nos membros posteriores, dor a palpacdo da
coluna toracolombar.

Convulsao

pontobulbar

Mesencefilica,
vestibular e
toracolombar

Cerebral

Mesensefalica,
vestibular e
cerebelar

vestibular e
cerebelar

Cerebral

Cerebral e
vestibular

Pontobulbar e
cerebelar

Toracolombar

Cerebral
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28/36 Rotweiller/M ND ND  Ataxia dos 4 membros com hiperreflexia e estrabismo medial

31/106 SRD/F 51 Nado  Iniciou com convulsdo ha 3 meses, evoluiu para hemiparesia
(direita) e apresentou estrabismo vestibular, auséncia de reagoes
posturais do lado direito.

Pontobulbar

Cerebral e
vestibular

Grupo I: Animais diagnosticados com encefalomielite pelo CDV

Grupo II: Animais onde o CDV foi excluido como causador dos sinais neurologicos

SRD: sem rac¢a definida

ND: néo disponivel

# Ataxia da cabega: tremor de intengdo da cabega.

& Rigidez de decerebelagdo: opstotono com espasticidade e rigidez dos membros toracicos.

* Estrabismo vestibular: estrabismo posicional ventrolateral quando a cabega é dorsalmente estendida
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