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Molecular detection and phylogenetic relationship of wild-type strains of canine
distemper virus in symptomatic dogs from Uberlindia, Minas Gerais
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ABSTRACT

This study investigated the occurrence of canine distemper virus (CDV) by evaluating the presence of
viral RNA within urine samples of dogs from Uberlandia, MG, with clinical manifestations suggestive of
infection by CDV by targeting the CDV N gene. Of the clinical samples collected (n=33), CDV viruria
was detected in 45.5%. Five dogs died spontaneously; all had characteristic CDV-associated
histopathological alterations and demonstrated CDV viruria. Statistical analyses revealed that the age,
gender, breed, or the organ system of the dog affected had no influence on the occurrence of canine
distemper. Myoclonus and motor incoordination were the most significant neurological manifestations
observed. A direct association was observed between keratoconjunctivitis and dogs with CDV viruria.
These findings suggest that CDV viruria in symptomatic dogs might not be age related, and that
symptomatic dogs can demonstrate clinical manifestations attributed to CDV without viruria identified by
RT-PCR. Additionally, the results of the sequence identities analysed have suggested that all Brazilian
wild-type strains of CDV currently identified are closely related and probably originated from the same
lineage of CDV. Nevertheless, phylogenetic analyses suggest that there are different clusters of wild-type
strains of CDV circulating within urban canine populations in Brazil.
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RESUMO

A presenca do &cido nucleico (RNA) do virus da cinomose canina (CDV) foi avaliada por meio da
amplificacdo parcial do gene N pela técnica RT-PCR realizada em urina de cées provenientes de
Uberlandia, Minas Gerais, que apresentavam sinais clinicos sugestivos de cinomose. Das 33 amostras de
urina avaliadas, o CDV foi identificado em 45,5%. Em cinco cdes que morreram espontaneamente, além
da excrecdo do CDV na urina, foram observadas alteracfes histopatoldgicas associadas a infeccdo por
esse virus. Anélises estatisticas demonstraram que a idade, género, raca e o sistema organico
comprometido dos cdes avaliados ndo exerceram influéncia no diagnéstico da cinomose canina.
Mioclonia e incoordenagéo motora foram as manifestagcGes neuroldgicas que apresentaram frequéncia
de ocorréncia significativa (P<0,05). Uma associacdo direta foi observada entre a presenca de
ceratoconjuntivite e a identificacdo de virtria pelo CDV. Esses achados sugerem que a excre¢ao do CDV
pela urina em cées com sinais clinicos compativeis com cinomose pode ndo ser relacionada com a idade
do animal, e que animais sintomaticos podem apresentar manifestacdes clinicas atribuidas ao CDV,
porém sem a caracterizagéo de virdria por RT-PCR. Adicionalmente, analises filogenéticas sugerem que
vérias cepas de CDV podem estar circulando em populagdes caninas de areas urbanas no Brasil.
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INTRODUCTION

Canine distemper virus (CDV) is a Morbillivirus
that produces canine distemper (CD) which can
have several clinical manifestations in dogs and
other canids. CDV is the main cause of mortality in
some urban canine populations in Brazil (Headley
and Graga, 2000), and produces economic loss
estimated at US$147.5-160.3 million per year to
the local economy (Headley et al., 2012). The
prevalence of CDV has been well described in
important cities such as Santa Maria (Headley and
Graga, 2000; Dezengrini et al., 2007), Londrina
(Amude et al., 2011; Headley et al., 2013), Séo
Paulo (Aguiar et al., 2012), and Belo Horizonte
(Del Puerto et al., 2010). However, there is no
information regarding CD from the region of
Uberlandia, Minas Gerais (MG), Midwest Brazil.

The phylogenetic relationship of Brazilian wild-
type strains of CDV has been investigated by a few
studies, where it was suggested that several wild-
type strains of CDV might be circulating within
distinct geographical locations of Brazil (Headley et
al., 2013; Negrdao et al., 2013), and that the
Brazilian wild-type strains of CDV probably were
originated from a European linage (Negrdo et al.,
2013). Consequently, the understanding of
disease dynamics within Brazil is fundamental for
the implementation of control strategies and
vaccination programmes. This study investigated
the occurrence of CDV in symptomatic dogs from
Uberlandia/MG, the possible associations relative
to the detection of this agent, and the phylogenetic
relationship of strains of CDV circulating in urban
canine populations of Brazil.

MATERIALS AND METHODS

All  dogs were obtained from animals
routinely treated at the Veterinary Teaching
Hospital, Universidade Federal de Uberlandia,
and/or housed at an animal shelter in
Uberlandia/MG. Only dogs with clinical
manifestations suggestive of infection by CDV
(Amude et al., 2007; Headley et al., 2012)
from February to September 2012 were included
in this study. The main clinical signs considered
as CDV-induced disease included pulmonary
infection (bronchopneumonia, ocular-nasal purulent
secretions), cutaneous lesions (abdominal pustules),
neurological manifestations (e.g., myoclonus,
convulsions, ataxia, locomotory difficulties, and
motor incoordination), and hard-pad disease
(hyperkeratosis).
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Urine samples were collected, via cystocentesis or
urethral catheters, from all dogs and maintained at -
20 °C until used for molecular diagnostics. Routine
necropsy was performed on dogs that died
spontaneously; from these, selected tissue
fragments were collected, fixed by immersion in
10% buffered formalin solution, and routinely
processed for histopathological evaluation.

Data relative to the age, sex, breed, and clinical
manifestations of all dogs were collected and
tabulated. All animals were arranged in pre-
determined age-related groups (Dezengrini et al.,
2007; Headley et al., 2012) in an attempt to
determine possible associations between age, organ
systems affected, the neurological manifestations,
and the type of infection.

Statistical analyses were done by the Chi-Square or
Fisher analytical methods using the Minitab 15
(Minitab Inc®, Pennsylvania, USA) software. An
association was considered significant when P<
0.05.

All urine samples were processed for RNA
extraction (Alfieri et al., 2006) and then used in
RT-PCR assays designed to amplify the 287-base
pair (bp) fragment of the CDV nucleoprotein gene
(Headley et al., 2009). Positive control consisted of
viral RNA from a previous case (Headley et al.,
2009); nuclease-free water (Invitrogen Corporation,
Carlsbad, CA, USA) served as negative controls in
all RT-PCR assays. All obtained PCR products
were separated by electrophoresis in 2% agarose
gels, stained with ethidium bromide, and examined
under ultraviolet light.

The RT-PCR products were purified (illustraGFX
PCR DNA and Gel Band Purification Kit; GE
Healthcare, Buckinghamshire, UK) and submitted
for direct sequencing using the forward and reverse
primers. The partial nucleotide sequences
obtained were initially compared with those
deposited in GenBank using the BLAST
(http://www.ncbi.nlm.nih.gov/BLAST)  program.
Phylogenetic tree and sequence alignments were
created by MEGA 5.2.1 (Tamura et al., 2011)
constructed by the Maximum-Likelihoodmethod,
based on 1,000 bootstrapped data sets. Sequences
of the Phocine distemper virus were included as an
out-group to provide stability to the created tree.
Sequence identity tables were generated by using
the software BioEdit 7.2 (Hall, 1999).
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RESULTS of these had neurological signs. Although

neurological manifestations were more frequent

Thirty-three dogs of both sexes (males 20; in dogs with CDV viruria (Table 1), no
females 13) were evaluated, but no statistical significant difference was observed when the
difference was observed when the genders of clinical manifestations based on the organ
these were compared. Mongrels (n=23) were systems affected were compared with the age of
super represented between the breeds of dogs the animals. CDV viruria was more frequently
that demonstrated CDV viruria; the age of the identified in dogs between 0 to 6 months of age,
dogs ranged from 6 months to 15 years (data not but the age of the affected dog demonstrated no
shown). statistical difference when the number of CDV-

positive dogs was compared (data not shown).
Most dogs demonstrated more than one of the
clinical manifestations evaluated; 86.7% (13/15)

Table 1. The clinical manifestations based on the systems affected relative to age distribution in dogs with
canine distemper virus viruria

.. . . Age distribution (%)
Clinical manifestations
by system affected 0 — 6 months 7 months — 1 year >1 -5 years p
v (n=5) (n=6) (n=4)

Cutaneous 0 0 0 -
Gastroenteritis 0 0 0 -
Hemoparasites Oa 3 (50) 1(25) p=0.1743
Hyperkeratosis 0 0 1 (25) p=0.2292
Hyperthermia Oa 1(16.7)a 0a p=0.4477
Keratoconjunctivitis 2 (40)a 3(33.3)a 3 (75)a p=0.4049
Neurological 4 (80)a 5(83.3)a 4 (100)a p=0.6488
Respiratory 2 (40)a 3 (50)a Oa p=0.2405
Similar letters in the same line indicate that there is no significant difference by the Chi-Square test.
However, the occurrence of myoclonus and Although myoclonus was one of the most
motor incoordination was more frequent within frequent clinical manifestations observed, CDV
all age groups and was significantly different viruria was not detected in one dog with
(p=0.0026) when compared with other myoclonus and nasal hyperkeratosis.

neurological symptoms observed (Table 2).

Table 2. Frequency of the neurological manifestations observed in thirteen dogs with canine distemper
virus viruria

Principal neurological Age range (years) Frequency
manifestations (%)
0-0.5 0.6-1 >1-5

Behavioral changes 1 1 1 3(23.1)a
Convulsions 0 3 0 3(23.1)a

Motor incoordination 3 3 3 9(69.2)b
Myoclonus 4 3 2 9 (69.2)b
Nystagmus 1 0 0 1(7.7)a
Paresis 1 2 1 4 (30.8)ab
Paresthesia 1 1 1 3(23.1)a

Similar letters within the same column indicate that there is a significant difference (p=0.0026) by the Chi-Square
Test.
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No significant difference between the clinical
manifestations of CDV-positive dogs and
those that were negative by the RT-PCR assay
(Figure 1) was observed when these parameters
were compared by the Fischer Test. However,
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statistical difference (p=0.0491) was observed
(Figure 1) when keratoconjunctivitis was
associated with the detection of CDV RNA in
urine samples.
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Clinical Manifestations

Figure 1. Comparative analysis of the clinical manifestations of dogs with canine distemper virus viruria
(n=15) by RT-PCR with those that were negative (n=18).

Legend: GE, Gastroenteritis; NE, Neurological; Resp, Respiratory; Kerato, Keratoconjunctivitis; Hyperth,
Hyperthermia; Hyperk, Hyperkeratosis; HP, hemoparasites; Cut; Cutaneous. (*), significant statistical

difference (p=0.0491) by the Fischer Test.

CDV was identified in 45.5 % (15/33) of the
urine samples evaluated. The desired nucleotide
sequences (GenBank accession numbers
KC812375, KC812376, and KC812377) of the
CDV N gene were sequenced from three dogs.
These demonstrated 99-100% identity when
compared with other strains deposited in
GenBank by the BLAST program.

Phylogenetic analyses revealed that the Brazilian
wild-type strains of CDV clustered in four
groups, and two of these contained only
Brazilian strains. The strains derived from this
study clustered with one from the state of Sdo
Paulo (SP). Additionally, sequences from the
states of Rio Grande do Sul (RS), Parana (PR),
and SP formed the largest cluster of Brazilian
wild-type strains. Strains from the city of
Maringa/PR clustered with strains from the USA
and China. The GenBank accession numbers of
the sequences used for phylogenetic analyses in
this study are given in Figure 2.

All Brazilian wild-type strains of CDV
demonstrated sequence identities that varied
from 94-100%, and were 98-100% similar to
strains from other geographical regions when the
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generated matrix identity table (data not shown)
was analysed. The strains derived from this study
revealed identity of 94-99% with other wild-type
strains, the lowest percentage (94%) being
associated with the strain derived from a dog that
had severe canine distemper encephalitis (CDE).
Some wild-type strains from the states of SP and
RS had 100% identities with other Brazilian
strains. The two strains from the city of
Maringd/PR, derived from neonates that died
suddenly due to CDV, had 100% identity
between each other but identities of 98-99% with
other strains from PR and other Brazilian states.

Five dogs died spontaneously; all were submitted
for necropsy. The most significant findings were
non-suppurative  meningoencephalitis  (n=4);
white matter demyelination of the cerebellum
associated  with intranuclear  eosinophilic
inclusion bodies within astrocytes (n=3); and
ballooning degeneration of the transitional
epithelial cells of the urinary bladder associated
with intracytoplasmic eosinophilic inclusion
bodies (n=3). Other significant findings included
discrete  non-suppurative = myocarditis  and
moderate interstitial pneumonia.

1513



Headley et al.

AF378705 USA
NC001921 USA

yz | AY738625 Vaccine
AF305419 Vaccine
%2000 USA
AY738625 Brazil-SP
AY486011 USA

| DQ435615 Talwen

| AY300348 China

JX025080 Brazll Mga3d

JX025081 Brazil Mga7d
AYB49446 USA

5 | AY443350 USA

AY542312 USA

AF184957 Switzerand

AF186273 Germany

AF186271 Gemany
DQ005120 B-ezil-8P

—— AY738624 Brazil-SP
| DQ005132 Brazil-SP

— DQO05129 Brazll-SP

| JQOB85820 Erazil-PR
DQO05126 Brazll-SP
DQO0513* Brazil-SP

14| JQT90555 Brazil-RS

27 ] JQT90537 Brazil-RS
DQO05127 Brazil-SP

| 10790545 Brazil-RS
AY738853 Brazil-SP

L EF193648 Brazi-PFR
KC812376 B-azi MG umm

1 | DQD05128 Brazil-s>

| KCB*2377 Brazil-MG 4mmm
KC812375 Brazll-MG ¢umm
| EF107736 3razil-PR

DQO05* 33 Brazll-SP

DQO05* 34 Brazil-SP

o

— AY386315 USA
AF 186270 Germany
AJ009856 Germany
DQ522030 Taiwan
1T|:AF1 66268 Gemany
X75717 PDV
|T|

Figure 2. The phylogenetic relationship of selected wild-type strains of canine distemper virus based on
the nucleoprotein gene. The GenBank accession numbers and the country of origin of the sequences used
are given. The strains derived from this study are highlighted (arrows). Phocine distemper virus served as
the out-group.

Legend: MG; Minas Gerais; PR, Parana; RS, Rio Grande do Sul; SP, Sao Paulo; Mga, Maringé/PR.
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DISCUSSION

The clinical manifestations and histopathological
findings observed in the five dogs necropsied are
consistent with those associated with CDV-
induced infections (Silva et al., 2009) while the
histopathological patterns are typical of acute
demyelinating distemper encephalitis (Silva et
al., 2009; Headley et al, 2012). Further,
RT-PCR assays detected CDV viruria in these
dogs, and sequencing revealed partial sequences
of the CDV N gene from three urine samples.
These findings confirmed the participation of
CDV in the etiopathogenesis of the disease
manifestations observed in these dogs; similar
results have been described (Amude et al., 2007,
Headley et al., 2009; Headley et al., 2013).
Additionally, RT-PCR identified CDV viruria in
an additional ten dogs with diverse clinical
manifestations  (neurological and  non-
neurological) that were attributed to CD,
indicating that these other dogs were also
infected by CDV. Similar results were observed
in dogs with neurological manifestations
suggestive of CDV but with molecular
confirmation in some of the affected dogs
(Amude et al., 2007). These results suggest that
not all dogs with clinical manifestations
suggestive of CD can demonstrate CDV viruria
by RT-PCR. Nevertheless, the sensitivity of the
diagnostic method used during this investigation
cannot be totally overlooked as contributing to
the results herein described.

Statistical analyses of the results from
this study have demonstrated that the age of the
affected dogs had no effect on the number of
dogs with CDV viruria or on the clinical
manifestations observed by these animals.
Although histopathological evaluation was
only possible for five dogs, these findings
cannot be overlooked. Considering that the
histopathological pattern of the brain dysfunction
of the dogs necropsied is characteristic of acute
demyelinating CDE, these results suggest that
this form of CDV-induced brain lesion is likely
to occur in dogs irrespective of the age of the
affected animal. These findings correlate with
recent studies (Silva et al., 2009; Headley et al.,
2012) that have suggested that the age-related
susceptibility to CDV infection as proposed
(Krakowka and Koestner, 1976) might not be an
appropriate characterization of CDE, particularly
for local conditions.
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The histopathological findings of the five
dogs that died spontaneously can be attributed
to complications associated with CDE with
systemic  manifestations of CDV-induced
infection in four of these; one dog had systemic
CD without CDE. These findings confirm the
wide spectrum of lesions associated with CDV
(Headley and Sukura, 2009; Silva et al., 2009).
Furthermore, the non-suppurative myocarditis
observed in two dogs can be attributed to
systemic CDV-induced infections; similar results
were described in a puppy with systemic CD as
demonstrated during an immunohistochemical
(IHC) investigation (Headley and Sukura, 2009).

Although mongrel dogs were overrepresented
during this study, it was not possible to establish
a significant statistical relationship between the
breeds of dogs infected and susceptibility to
infection by CDV; similar results have been
described (Tipold et al., 1992). Nevertheless,
epidemiological data has suggested that
mongrels are comparatively more frequently
infected by CDV compared to their purebred
counterparts (Headley and Graga, 2000), and
might be the reservoir of this virus within urban
canine populations of Brazil (Headley et al.,
2012). Furthermore, mongrels are more apt
to be infected by CDV due to their roaming
habits (Headley and Graga, 2000), and are
not frequently immunized against common
infectious diseases.

It was not possible to establish any statistical
relationship between the gender of the dogs and
CDV viruria; other studies (Tipold et al., 1992;
Headley and Graga, 2000) have also concluded
that the gender of the dogs infected does not
seem to have any influence on the susceptibility
to become infected by CDV. Furthermore, since
gastrointestinal and respiratory manifestations
were equally observed in CDV-positive and —
negative dogs, these clinical signs should not be
directly associated with CD, primarily because
these symptoms can be observed in other
common canine infectious diseases. However,
keratoconjunctivitis seems to be directly
associated (p=0.0491) with CDV viruria, and
should be used as a clinical indicator of CD.
Although one dog had nasal hyperkeratosis and
myoclonus, CDV viruria was not confirmed by
RT-PCR; suggesting that this dog might have
been infected but not identified with the
diagnostic method used during this investigation.
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This is because confirmation of CDV in cases of
hyperkeratosis has been demonstrated by ITHC
even in cases when the lesion was discrete
(Headley and Sukura, 2009).

Statistical evaluation of the neurological
manifestations observed in the dogs that
demonstrated CDV viruria revealed interesting
results. Myoclonus and motor incoordination
were the most frequent neurological signs
observed in the dogs with CDV viruria during
this study, and these clinical manifestations were
statistically significant (p=0.0026) from the other
neurological alterations observed. Alternatively,
statistical evaluations of the neurological
manifestations of 181 dogs infected by CDV
have demonstrated that there were significant
differences between the ages of dogs infected by
CDV (Headley et al., 2012). Most of the
neurological manifestations observed in the dogs
with CDV viruria have been associated with CD
(Tipold et al., 1992; Koutinas et al., 2002;
Amude et al., 2007); however these studies did
not analyse the clinical observations statistically.
Nevertheless, most studies that have investigated
the occurrence of CDV-induced neurological
manifestations ~ have  demonstrated  that
myoclonus is the most frequently observed sign
in dogs with CDE (Tipold et al., 1992; Koutinas
et al., 2002; Amude et al., 2007). However, not
all dogs that demonstrated myoclonus had CDV
viruria; similar results using other clinical
samples have been described (Koutinas et al.,
2002; Amude et al., 2007). Hence, myoclonus
should be considered as an excellent indicator of
CDV-induced infections, but not diagnostic for
CDE; since myoclonus was observed in other
canine infectious diseases (Tipold et al., 1992).

The results of these initial, but on-going,
phylogenetic studies have revealed that the
Brazilian wild-type strains of CDV have formed
four clusters and two of these contained only
Brazilian strains, suggesting that different wild-
type strains might be circulating in these
geographical locations; similar results have been
described (Headley et al., 2012; Headley et al.,
2013; Negrdo et al, 2013). However, all
Brazilian  strains  demonstrated  sequence
identities that varied between 94-100%,
suggesting that these strains probably originated
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from the same lineage of CDV, as was proposed
(Negrao et al., 2013). Interestingly, strains from
two cities in PR (Londrina and Maringd),
separated by only 100km, were phylogenetically
distant, not being in the same cluster but with
sequence identities that varied from 98-99%;
similar differences were also identified when
CDV strains based on the hemagglutinin (H)
gene from these two cities were analysed
(Negrdo et al., 2013).

Furthermore, it was recently shown that there is
divergence between vaccine and wild-type
strains of CDV circulating within some Brazilian
cities (Negréo et al., 2006) is probably resulting
in the antigenic drift between CDV wild-type
and vaccine strains. Similar differences between
vaccine and novel wild-type strains of CDV have
been identified in South Africa (Woma et al.,
2010) and Europe (Martella et al., 2006), and
might be the key to explain the several outbreaks
of CD in urban vaccinated canine populations
(Woma et al, 2010; Negrao et al., 2013).
Antigenic drift relative to outbreaks of CD has
also been associated with the concomitant
presence of other viral agents within commercial
vaccines (Woma et al., 2010). Additionally,
these phylogenetic results suggest that the wild-
type strains of CDV circulating in Brazil might
have originated from Europe, and support the
theory that the South American clade of CDV
strains with its European counterparts might
represent the largest group of CDV strains
circulating worldwide (Negrao et al.,, 2013).
Nevertheless, these initial phylogenetic results
must be complimented by a more extensive
investigation of the distribution of CDV wild-
type strains in all geographical regions of Brazil
targeting the CDV H gene. A study has been
initiated and the early results are supportive of
the maintenance of more than one cluster of
CDV wild-type strains within continental Brazil
(Bodnar, L; personal communication). It must be
stressed that the understanding of the impacts of
CD on local canine populations underscores the
importance of CDV within Brazil, considering
the financial resources injected into the local
economy annually to curb the systemic effects of
CDV-related clinical manifestations (Headley et
al., 2012).
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CONCLUSION

This study has demonstrated that CDV viruria
was identified in 45.5% of the dogs evaluated
with clinical manifestations suggestive of CD,
and the identification of this pathogen was not
statistically related to sex, age, gender, or organ
system of the dog affected. However, myoclonus
seems to be the most frequent neurological
manifestation directly associated with CDE.
Phylogenetic analyses have shown that the
Brazilian wild-type strains of CDV form several
clusters suggesting that different types of CDV
might be circulating in diverse geographical
locations, although these strains have remarkably
similar sequence identities.
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