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RESUMO

Diarréia € uma das queixas mais comuns apresentadas aos veterinarios
diariamente, onde muitas vezes o manejo e diagnostico definitivo da mesma é um
grande desafio, devido a sua variedade de patdogenos, auséncia de sinais clinicos
especificos e presenca concomitante de co-infecgbes por virus, bactérias e
protozoarios. Como as doencgas infecciosas e parasitarias estdo entre as causas
mais comuns de diarreia e os testes diagndsticos, assim como o0s respectivos
tratamentos frequentemente variam de acordo com a etiologia da mesma, fazer esta
caracterizacao inicial € importante. Raramente a realizacdo de varios testes
diagnosticos sdo realizados para identificar todas as possiveis causas da diarreia em
caes. Isso pode ser em parte porque os métodos tradicionais para a identificagado de
infecgbes gastrointestinais sdo caros, de baixa sensibilidade diagnostica ou lentos
para produzir resultados. A falta de um diagndstico definitivo, a falha no tratamento
com diarréia persistente ou recorrente e a despesa com medicamentos ineficazes,
podem levar a insatisfacdo do cliente, resisténcia medicamentosa, bem como
colocar em risco a saude do animal. O objetivo deste estudo foi 0 uso de um painel
de PCR em tempo-real e do parasitologico de fezes para pesquisa da prevaléncia de
patdgenos e co-infecgdes em uma populagado de cdes com e sem diarreia atendidos
em um hospital veterinario particular. Para tanto, o trabalho foi dividido em dois
capitulos, sendo o primeiro um artigo de revisdo preparado para a revista Clinica
Veterinaria, sobre o uso do PCR em tempo-real no diagnéstico de doencgas
infecciosas em cdes e gatos e comparagdo desta com outras técnicas de
diagnodstico. O segundo capitulo compreende a tabulagdo dos resultados obtidos
com as analises realizadas e confecgao de um artigo submetido e aceito pelo jornal
BMC Veterinary Research. As amostras de fezes foram testadas para o virus da
cinomose canina, coronavirus canino, parvovirus canino tipo 2 (CPV-2), Clostridium
perfringens alfa toxina (CPA), Cryptosporidium spp., Giardia spp. e Salmonella spp.
através de técnicas moleculares e a pesquisa de larvas, ovos, cistos e trofozoitos
por meio do parasitolégico de fezes. Do total das 104 amostras de fezes diarreicas e
43 controles, 71/104 (68.3%) dos caes com diarreia foram positivos para pelo menos
um patogeno, onde destes, infecgdo unica foi observada em 39/71 (54,9%) e co-
infeccdo em 32/71 (45,1%), incluindo 21/32 (65,6%) dos cdes com duas, 5/32
(15,6%) com trés e 6/32 (18,8%) com quatro infecgées. No grupo controle, 13/43
(30,2%) dos caes foram positivos, todos com infecgdo unica. Os patdégenos mais
prevalentes nos caes com diarreia foram CPA (40/104 céaes, 38.5%), CPV-2 (36/104
caes, 34.6%), e Giardia spp. (14/104 Caes, 13.5%). O CPV-2 foi o patdbgeno mais
prevalentemente associado a co-infecgbes, principalmente com os agentes CPA,
Cryptosporidium spp. e Giardia spp.

Palavras-chave: Caes, Co-infecgéo, Prevaléncia, Diarreia, Painel, PCR em tempo-
real



ABSTRACT

Diarrhea is one of the most common reasons pets are taken to the veterinary
clinician daily. Definitive diagnosis and management often pose great challenges due
to its variety of pathogens, absence of specific clinical signs and concomitant
presence of co-infections with viruses, bacteria and protozoa. Since infectious and
parasitic diseases are among the most common causes of diarrhea and diagnostic
tests, as well as their treatments, often vary according to the etiology of the disease,
prompt characterization is important. Rarely various diagnostic tests are performed to
identify all possible causes of diarrhea in dogs. This may be partly because
traditional methods for identification of gastrointestinal infections are expensive, have
low diagnostic sensitivity and are time-consuming. The lack of a definitive diagnosis,
failing to treat persistent or recurrent diarrhea and spending on ineffective drugs, can
lead to customer dissatisfaction, drug resistance, as well as put the animal's health at
risk. The aim of this study was the use of a Real-Time PCR panel and parasitological
stool examination to survey prevalence of pathogens and co-infections in a
population of dogs with and without diarrhea seen at a private veterinary hospital, as
well as frequency in different countries. Therefore, the work was divided in two
chapters, the first a review article prepared for the Clinica Veterinaria journal on the
use of Real-Time PCR for diagnosis of infectious diseases in dogs and cats and
comparison with other diagnostic techniques. The second chapter contains a
tabulation of the results obtained from the analyses, and the preparation of a paper
submitted and accepted by the BMC Veterinary Research journal. Stool samples
were tested for canine distemper virus, canine coronavirus, canine parvovirus type 2
(CPV-2), Clostridium perfringens alpha toxin (CPA), Cryptosporidium spp., Giardia
spp. and Salmonella spp. through molecular techniques and examined for larvae,
eggs, cysts and trophozoites by parasitological stool examination. Of the total of 104
samples of diarrheal stools and 43 controls, 71/104 (68.3 %) of the dogs with
diarrhea were positive for at least one pathogen. For positive samples, single
infection was observed in 39/71 (54.9%) and co-infection in 32/ 71 (45.1 %),
including 21/32 (65.6%) dogs with two, 5/32 (15.6%) dogs with three and 6/32
(18.8%) dogs with four infections. In the control group, 13/43 (30.2 %) dogs were
positive, all with single infections. The most prevalent pathogens observed in dogs
with diarrhea were CPA (40/104 dogs, 38.5 %), CPV-2 (36/104 dogs, 34.6 %) and



Giardia spp. (14/104 dogs, 13.5 %). CPV - 2 was the pathogen most prevalently
associated with co- infections, especially associatd with CPA, Cryptosporidium spp.
and Giardia spp.

Keywords: Dogs, Co-infection, Prevalence, Diarrhea, Panel, Real-Time PCR.
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1 INTRODUCAO

Diarreia € um dos sinais clinicos mais comuns apresentadas aos médicos
veterinarios na rotina clinica. Muitas vezes o manejo e o diagndstico definitivo,
principalmente das diarreias crénicas e intermitentes estdo entre os aspectos mais
frustrantes e desafiadores da pratica clinica da medicina de pequenos animais.' Isto se
deve principalmente em fungdo da grande variedade de patdgenos, auséncia de sinais
clinicos especificos e presenga concomitante de co-infecgdes por virus, bactérias e
protozoarios (TAMS, 2003; SIMPSON, 2004).

Como as doencas infecciosas e parasitarias estdo entre as causas mais comuns
de diarreia e os testes diagndsticos, assim como os respectivos tratamentos
frequentemente variam de acordo com a etiologia da mesma, fazer esta caracterizagao
inicial é importante. Raramente o processamento de varios testes diagnosticos séo
realizados para identificar todas as possiveis causas da diarreia em caes. Isso pode ser
em parte porque os meétodos tradicionais para a identificagdo de infecgdes
gastrointestinais sdo caros, de baixa sensibilidade diagndstica ou lentos para produzir
resultados. A falta de um diagndstico definitivo, a falha no tratamento com diarreia
persistente ou recorrente e a despesa com medicamentos ineficazes, podem levar a
insatisfacédo do cliente, resisténcia medicamentosa, bem como colocar em risco a saude
do animal.

Considerando que um grande numero de agentes infecciosos causam diarreia e
podem estar presentes em co-infecgdes, o entendimento e a detecgédo destes agentes
pode permitir um adequado progndstico, planejamento do tratamento e respectivas
estratégias de prevengao. Tratamentos empiricos e a utilizagdo de multiplos antibidticos
sdo comuns na pratica clinica veterinaria e o0 uso de um painel para deteccado de
multiplos patdgenos previne o incorreto ou excessivo uso de farmacos antimicrobianos
que podem levar a resisténcia. Além disso, muitos dos patdégenos associados a
diarreias em caes sao potenciais agentes zoonoéticos, incluindo os parasitas

nematoides, Giardia spp., Cryptosporidium spp. e Salmonella spp., e a identificagao
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destes organismos pode reduzir o risco de transmissdo para humanos e outros animais,
mesmo frente a pacientes assintomaticos (HACKETT e LAPPIN, 2003).

O uso da PCR em tempo-real melhorou a sensibilidade dos testes padrées de
PCR (KUROWSKI et al., 2002) e pode ser capaz de classificar cepas de espécies
onipresentes, tornando-se uma poderosa ferramenta para detecgdo de patdégenos em
amostras fecais. Além disso, a PCR em tempo-real pode ser utilizada em
levantamentos epidemioldgicos, correlacionando os achados moleculares de cdes com
0S seus respectivos proprietarios, bem como encontrar novas cepas de patdgenos
causadores de diarreia (STENSKE et al., 2009).

Esta dissertacdo de mestrado teve como objetivo de estudo o uso de um painel
de PCR em tempo-real e do parasitologico de fezes para pesquisa da prevaléncia de
patogenos e co-infecgdes em uma populagdo de cdes com e sem diarreia atendidos em
um hospital veterinario particular. Para tanto, a mesma foi dividida em dois capitulos,
sendo o primeiro um artigo de revisdo preparado para ser submetido para a revista
Clinica Veterinaria, sobre o uso do PCR em tempo-real no diagnostico de doencgas
infecciosas em caes e gatos e comparagéo desta com outras técnicas de diagndstico e,
o segundo capitulo compreende a tabulagao e discusséo dos resultados obtidos com as
analises realizadas e confeccdo de um artigo submetido e aceito pelo jornal BMC
Veterinary Research.
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2 HIPOTESE

A diarreia em caes apresenta multiplas causas infecciosas.

A PCR é eficaz na identificagao etioldgica da diarreia aguda e crénica.

3 OBJETIVOS

3.1 OBJETIVOS GERAIS

Os objetivos gerais da dissertagcdo foram basicamente subdivididos em duas
partes bem distintas. Para tanto, o trabalho foi dividido em dois capitulos, sendo o
primeiro um artigo de revisao preparado para a revista Clinica Veterinaria, sobre o uso
do PCR em tempo-real no diagnéstico de doengas infecciosas em cées e gatos e
comparacgao desta com outras técnicas de diagndstico.

O segundo capitulo compreende a tabulagao e discuss&o dos resultados obtidos
com as analises realizadas e confecgao de um segundo artigo submetido e aceito pelo
jornal BMC Veterinary Research. O objetivo deste estudo foi o uso de um painel de
PCR em tempo-real e do parasitolégico de fezes para pesquisa da prevaléncia de
patogenos e co-infecgdes em uma populagdo de cdes com e sem diarreia atendidos em

um hospital veterinario particular, assim como a frequéncia em diferentes paises.

3.2 OBJETIVOS ESPECIFICOS DO PRIMEIRO CAPITULO

. Descrever a utilidade da PCR em tempo-real na detecgcdo de doencas
infecciosas em pequenos animais, tanto para a confirmagdo de uma suspeita

especifica, quanto diante de sinais clinicos inespecificos que poderiam ser atribuidos a
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varias doengas, necessitando com isso de um painel de doengas a serem investigadas
simultaneamente.

. Abordar as principais doengas infecciosas em caes e gatos de interesse
para a rotina do clinico veterinario no Brasil.

. Abordar a escolha e quantidade minima da amostra, forma de
armazenamento para envio ao laboratorio, testes a serem escolhidos em cada caso,

suas possiveis limitacdes e a interpretacdo dos resultados.

3.3 OBJETIVOS ESPECIFICOS DO SEGUNDO CAPITULO

. Determinar a associagado de patégenos infecciosos a diarreia em caes.

. Determinar por meio da técnica de PCR em tempo-real a prevaléncia dos
patogenos infecciosos (virus da cinomose canina, coronavirus canino, parvovirus
canino tipo 2 (CPV-2), Clostridium perfringens alfa toxina (CPA), Cryptosporidium spp.,
Giardia spp. e Salmonella spp.) associados a diarréia em cées.

. Determinar por meio da realizagdo do exame parasitologico de fezes a
prevaléncia de larvas, ovos, cistos e trofozoitos em cades com e sem diarreia.

. Determinar a incidéncia de co-infeccdo em caes diarreicos.

. Auxiliar no diagnostico clinico-laboratorial dos casos de diarréia em cées.
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4 PRIMEIRO CAPITULO. PCR EM TEMPO-REAL NO DIAGNOSTICO DE
DOENCAS INFECCIOSAS EM CAES E GATOS (Artigo a ser submetido para revista
Clinica Veterinaria)

Real-Time PCR in the Diagnosis of Infectious Diseases in Dogs and Cats

41 RESUMO

A PCR em tempo-real vem recentemente substituindo a PCR convencional e
tornado-se a técnica de escolha oferecida pelos grandes laboratorios de diagndéstico
veterinario e humano no mundo todo. O objetivo desta revisédo foi descrever a utilidade
desta técnica para diagnostico de doencgas infecciosas em pequenos animais, tanto
para a confirmacdo de uma suspeita de agente especifico quanto com sinais clinicos
nao especificos, necessitando de painéis para investigagdo simultdnea de multiplos
agentes. Considerando que grande numero de agentes infecciosos causam doencgas
infecciosas e podem estar presentes em co-infecgoes, o entendimento e deteccao
destes agentes infecciosos pode permitir um adequado progndstico, planejamento do
tratamento e respectivas estratégias de prevengao.

Palavras-chave: Investigagdo, gPCR, Enfermidades, Co-infecgdo, Caninos, Felinos

4.2 ABSTRACT

The real-time PCR has been recently replacing the conventional PCR and
becoming the technique of choice provided by the major laboratories of veterinary and
human diagnostics worldwide. The objective of this review was to describe the
usefulness of this technique for the diagnosis of infectious diseases in small animals,
either for the confirmation of a specific suspicious agent or with non-specific signs,
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requesting panels for simultaneous survey of multiple agents. Considering that a large
number of infectious agents cause infectious diseases and may be present in co-
infections, understanding and detection of these infectious agents may allow and
adequate prognosis, treatment planning and respective prevention strategies.

Keywords: Investigation, gqPCR, Disease, Co-infection, Canines, Felines

4.3 INTRODUGAO

Apesar dos avangos na Medicina Veterinaria em relacdo ao uso de
antimicrobianos e vacinas, assim como a disponibilidade de técnicas avancadas de
diagndstico, as doengas infecciosas permanecem sendo a principal causa de morbidade
e mortalidade devido ao surgimento de co-infecgdes e novos padrées de resisténcia
(DONG et al.,, 2008). Ferramentas moleculares sdo usadas em adicdo as técnicas
convencionais de culturas e testes laboratoriais baseados na deteccdo de anticorpos
para identificacdo e diagnostico de doencgas infecciosas (LIU, 2008 e MACKAY, 2004).

Com a introdugdo da PCR em tempo-real nos laboratérios de rotina, tornou-se
possivel a diferenciagao de infecgcao da cepa viral atenuada em pacientes previamente
vacinados, como no caso da cinomose, e auxilio diagnostico entre doengas diferentes
causadas por agentes semelhantes, como no caso da coronovirose entérica felina e a
peritonite infecciosa felina, ambas causadas por coronavirus.

O objetivo desta revisdo foi descrever a utilidade da PCR em tempo-real na
detecgao de doencas infecciosas em pequenos animais, tanto para a confirmacido de
uma suspeita especifica, quanto diante de sinais clinicos inespecificos que poderiam ser
atribuidos a varias doencgas, necessitando com isso de um painel de doengas a serem
investigadas simultaneamente. Desta forma, foram abordadas as principais doencas
infecciosas em caes e gatos de interesse para a rotina do clinico veterinario no Brasil.
Foram também abordados a escolha e quantidade minima da amostra, forma de
armazenamento para envio ao laboratorio, testes a serem escolhidos em cada caso,

suas possiveis limitacdes e a interpretacdo dos resultados.
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4.4 PCREM TEMPO-REAL NO DIAGNOSTICO DE DOENGAS INFECCIOSAS

O termo diagndstico molecular refere-se aos testes que detectam acidos
nucleicos (DNA/RNA) do agente infeccioso causal, em meio ao material genético do
hospedeiro e de outros seres da microbiota ndo patogénicos contidos na amostra. Deste
modo, para diagnostico de doencas infecciosas e deteccdo do DNA ou RNA, os testes
baseados em PCR (reacdo em cadeia da polimerase) utilizam sequéncias conhecidas de
aminoacidos, que sao especificas para os agentes infecciosos em questdo (DANIELS,
2013).

Em contraste com a PCR convencional, que amplifica a molécula de DNA alvo em
reacao final, a PCR em tempo-real quantifica a molécula de DNA alvo em tempo-real
(KRISHNA, 2012), possibilitando que quantidades minimas do DNA/RNA sejam
detectadas, aumentando a sensibilidade e reduzindo o limiar de detecgdo do teste. A
quantificacdo também permite a diferenciagédo entre infec¢gédo e vacina (que poderia gerar
um falso-positivo na PCR convencional). O aspecto quantitativo desta tecnologia na
medicina veterinaria vem aos poucos sendo validada e explorada para determinados
agentes, afim de indicar prognostico e alterar tratamentos em alguns estados de doenga
(DANIELS, 2013).

Recentemente, um teste para detectar e quantificar o RNA mensageiro (RNAm)
do coronavirus felino foi desenvolvido para auxiliar no diagndstico de Peritonite
Infecciosa Felina (PIF), doenga infecciosa de grande desafio para diagnostico
antemortem em gatos. A deteccdo do RNAm do coronavirus felino em amostras de
gatos ndo provenientes do trato gastrointestinal € indicativa de replicagc&o ativa do virus
em células mononucleares circulantes. Neste caso, altas quantidades de copias virais
sdo geralmente observadas em pacientes com PIF quando comparado aos quadros
promovidos pelo coronavirus entérico (HORNYAK et al., 2012 e SIMONS et.al., 2005).

A quantificacdo de toxinas do Clostridium Perfringens como marcador do

envolvimento deste agente em diarreias em caes e gatos (LEUTENEGGER et al., 2012)

21



e a quantificacdo do DNA da Leishmania spp para diagndstico de Leishmaniose canina
em casos onde a sorologia foi inconclusiva (MARTINEZ et al., 2011) sdo outros

exemplos da importancia do uso desta ferramenta molecular quantitativa.

4.4.1 Vantagens em Relagao a Testes Sorolégicos

Métodos soroloégicos detectam anticorpos produzidos em resposta a exposigao
elou infecgdo causada por um microrganismo, 0 que normalmente exige pelo menos
uma a duas semanas para que se tenha soroconversdo e deteccdo dos mesmos em
testes laboratoriais. Desta forma, para pacientes em quadros agudos de doenga, os
métodos moleculares sdo mais adequados, ja que detectam a presenga do
microrganismo presente na amostra e independem da resposta do hospedeiro. O
periodo de tempo entre infeccdo e o aparecimento dos sinais clinicos € tipicamente
desconhecido e tera impacto no resultado dos testes diagndsticos. A utilizagdo de PCR e
sorologia juntos melhora a capacidade de um diagndstico completo e preciso (Tabela 1 e
Figura 1).

Tabela 1. Beneficios e limitagées da sorologia em relagao a PCR para diagnéstico de doencas infecciosas

SOROLOGIA REAGCAO EM CADEIA DA
POLIMERASE (PCR)
MENSURA Resposta de anticorpo do hospedeiro Acido nucleico do patégeno (DNA)
BENEFICIOS  Util para triagem e auxilio no diagndstico da  Identifica especificamente patégenos,
infeccéo indicando infecgao ativa
LIMITAGCOES Os sinais clinicos podem preceder uma Um resultado negativo de PCR néao
resposta de anticorpos mensuraveis exclui necessariamente a infecgao
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Figura 1. Associacdo da técnica de PCR e sorologia otimiza a capacidade diagnéstica. Cao A encontra-
se em quadro agudo de doenga, com altas concentragbes do patégeno circulante (viremia/bacteremia),
sendo a PCR a técnica ideal. Cdo B encontra-se na janela imunolégica, ou seja, ainda nao teve
soroconversdo e a concentragcdo de DNA/RNA do agente podem estar reduzidas. Neste caso, ambas as
técnicas podem ter resultados falso-negativos, sendo a associagcéo das duas técnicas recomendada. Céo
C apresenta infecgao cronica ou recidiva, neste caso a concentragdo de anticorpos pode ser decorrente
de infecgdo passada e nao representar infecgao ativa, a associagdo das técnicas é benéfica.

Além disso, a avaliagdo sorolégica normalmente requer a repeticdo do teste em 4
a 6 semanas para demonstrar um aumento do titulo, o que pode atrasar o diagndstico
definitivo (KRISHNA e CUNNION, 2012). Pacientes imunocomprometidos e
imunossuprimidos frequentemente n&o terdo uma resposta adequada para a producao
de anticorpos, o que limita o uso e a interpretagdo de técnicas sorologicas para estes
pacientes devido a possibilidade de resultados falso-negativos.
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4.4.2 Para se Diferenciar Vacinacao de Infec¢ao Natural

Na maioria dos agentes infecciosos que s&o prevenidos por vacinas comerciais
disponiveis, testes de diagnostico soroldgico sdo de baixa especificidade pois detectam
anticorpos vacinais e resultados positivos ndo indicam necessariamente infeccio.
Métodos de PCR podem ser uteis nestes casos para diferenciacdo de infecgdo natural e
vacina em casos de doengas infecciosas comuns na rotina clinica veterinaria, como a
imunodeficiéncia felina (FIV), a leptospirose e a cinomose (DANIELS, 2013).

No caso da FIV, gatos vacinados respondem a imunizagdo com a produgao de
anticorpos que sao indistinguiveis daqueles produzidos durante uma infeccdo natural
nos métodos atualmente disponiveis, como ensaio imunoenzimatico (ELISA), Western
blotting e testes de Imunofluorescéncia indireta (IFl). Deste modo, os testes soroldgicos
nao séo capazes de distinguir gatos que foram vacinados para FIV dos infectados com
FIV, e daqueles que foram vacinados e infectados (MARTINEZ et al., 2008). As vacinas
comerciais para FIV sdo compostas em sua maioria por virus vivo inativado, que sao
removidos da circulagdo rapidamente sem integragdo com o DNA do genoma do
hospedeiro. Com isso, a vacinagado para FIV ndo resulta em amplificacdo na PCR,
excluindo portanto resultados falso-positivos em pacientes vacinados (WANG et al.,
2010).

No caso da leptospirose canina, a interpretagcao dos testes soroldgicos (Teste de
microaglutinagcdo - MAT) deve ser ainda mais cautelosa, pois além da possibilidade de
resultados negativos em fases agudas de doenga devido a auséncia de soroconversao,
os titulos podem ser resultado de vacinagao prévia, exposicdo ou infecgado cronica.
Portanto, a observacdo de um aumento de 4 vezes dos titulos é necessaria para
confirmar o diagnodstico de infeccdo recente. Isso € especialmente importante em
pacientes com histérico vacinal, pois embora os titulos vacinais tendam a ser mais
baixos, altos titulos (= 1600) tem potencial de persistir apos vacinagdo e reagdes
cruzadas com os sorogrupos n&o vacinais podem ocorrer. A PCR detecta acidos
nucleicos de leptospiras patogénicas e € potencialmente util em fases iniciais de doenga,
quando os testes que detectam anticorpos sédo frequentemente negativos e quando a
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terapia antimicromiana ainda n&o foi administrada. A PCR também pode confirmar
infecgao ativa em animais com testes de anticorpos positivos e histérico de vacina, pois
a vacinacdo nao promove resultados falso-positivos por este método '>'3. Nos primeiros
dias de infecgdo, o numero de organismos € elevado no sangue, sendo esta a amostra
de escolha para a PCR na primeira semana de doenga. Apos este periodo, as
leptospiras estdo em maior concentragdo na urina (leptospiruria). Portanto, quando o
tempo de infeccdo ndo é conhecido, o teste simultdneo de sangue e urina aumenta a
sensibilidade diagndstica (LEUTENEGGER et al., 2009). Terapia antimicrobiana recente
pode resultar em resultados negativos na PCR, entretanto algumas doses de antibidticos
sd0 necessarias para que o resultado da PCR comece a negativar, pois esta técnica
detecta ambos, organismos viaveis e nao viaveis. O ideal € que as amostras sejam
sempre coletadas antes do inicio da terapia antibidtica, porém a coleta de amostras apés
24-48 horas do inicio da antibidticoterapia ainda pode promover resultados positivos na
PCR (SYKES et al., 2011).

No caso da cinomose, diferentemente da FIV e da leptospirose, pacientes
vacinados podem apresentar resultados falso-positivos nos testes moleculares e causar
dificuldades na interpretacdo do resultado, pois as vacinas sdo compostas por virus vivo
modificado e este pode ser detectado nas técnicas de PCR. A quantificagdo do virus da
cinomose por meio da técnica de PCR em tempo-real em amostras provenientes de
swab conjuntival e faringeo profundo (mesmo que o cdo n&o apresente sinais
respiratorios) € um método rapido e sensivel para se distinguir interferéncia vacinal de
infeccdo. A utilizacdo de um ponto de corte previamente estabelecido sugere que
pacientes vacinados que obtenham quantificagées < 105 mil particulas de RNA virus por
amostra tenham o resultado de PCR positivo para cinomose devido a deteccédo de uma
cepa vacinal. Porém se o cdo nao foi vacinado recentemente ou recebeu uma vacina
recombinante, este resultado positivo € consistente com fases muito agudas de doenca
ou de convalescéncia. Nestes casos, se 0 paciente apresentar sinais clinicos
recomenda-se retestar o mesmo em 1-2 semanas. Quantificagdes acima de 1 milhdo de
particulas de RNA virus por swab indica que o resultado positivo € mais compativel com
virus selvagem (ndo-vacinal) e é indicativo de infecgdo (LEUTENEGGER et al., 2011).
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4.4.3 Diferengcas em Relacao a Cultura

As principais vantagens da PCR incluem a rapidez na obtengéo dos resultados e
a nao exigéncia da viabilidade do organismo e da capacidade de crescimento in vitro
(Tabela 2). Uma desvantagem da PCR em relagdo a cultura é a necessidade de se
utilizar primers especificos para o patdogeno, podendo a PCR gerar um resultado
negativo caso a suspeita n&o tenha sido adequada e os primers especificos ndo tenham
sido utilizados. Isto pode ocorrer principalmente frente a patdégenos novos introduzidos
em uma regido. Como forma de minimizar o problema, painéis disponiveis de acordo
com os sinais clinicos diminuem a chance da doenga nao ser detectada. Para que os
painéis sejam adequados o ideal € que se conhega as principais doengas de cada regiao
e seus patdégenos sejam incluidos neste painel. No caso de patdégenos raros que nao
tenham sido incluidos no painel, a cultura seria ideal, pois possibilitaria sua identificagao

mesmo sem a suspeita especifica (MACKAY et al., 2004).
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Tabela 2. Diferengas na utilizagdo de métodos microbiolégicos e moleculares para diagndstico de doencgas

infecciosas

CULTURA

PCR EM TEMPO-REAL

- Isola bactérias especificas e precisa ter os

organismos viaveis

- Painéis podem incluir a deteccdo de virus,

bactérias, fungos e protozoarios simultaneamente

e sdo capazes de detectar organismos viaveis e
néo viaveis

- Comparagdo de numero de colénias e - S&o pesquisados apenas organismos

crescimento de colénias puro €& mais considerados patogénicos

significativo, pois organismos nao patogénicos
podem ser contaminantes

- Quando utilizado os meios de cultura - Detecta apenas os patdgenos pesquisados. A
adequados permite crescimento de varios tipos n&o utilizagdo do primer especifico pode promover
bacterianos, mesmos os nao suspeitos resultados negativos
- Na&o sdo todos os patéogenos que crescem - Pesquisa do material genético do patégeno
facilmente em meios de culturas independe da viabilidade de crescimento in vitro
- Exige transporte em frasco especifico para - Armazenar a amostra em frasco estéril e sob
alguns tipos de culturas, como hemocultura ou refrigeragéo

coprocultura.

4.4.4 Vantagens em Relagcao a Avaliagao do Esfregaco Sanguineo

Células vermelhas sédo diretamente infectadas por Micoplasmas hemotrépicos,
Anaplasma sp., Babesia sp., Cytauxzoon, entre outros. Entretanto, o diagndstico das
hemoparasitoses é um desafio, pois € necessario um grande numero de hemoparasitas
circulantes para que seja possivel a detecgdo por microscopia de luz. Para se detectar
um hemoparasita por meio de uma avaliagdo microscopica € necessario que esteja
circulante aproximadamente 1000 parasitas/pl de sangue. (DANIELS, 2013). A utilizagao
de técnicas moleculares como a PCR aumentam a sensibilidade diagndstica, pois sao

capazes de obter resultados positivos com apenas 1 parasita/pl'’

. Além disso, a ndo
confecgdo imediata do esfregago sanguineo pode promover resultado falso negativo
devido ao desprendimento de hemoparasitas de membrana, como no caso dos
Micoplasmas hemotrdpicos, que se desprendem do eritrocito quando em contato
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prolongado com EDTA. Outro fator € que nem sempre a hematoscopia é capaz de
realizar a identificacdo das espécies, o que pode interferir na conduta clinica, pois
espécies diferentes podem apresentar niveis de patogenicidades diferentes mesmo
quando pertencentes ao mesmo género. Os principais hemoplasmas que acometem os
felinos por exemplo s&o Mycoplasma haemofelis (potencialmente patogénico — pode
causar anemia em animais imunocompetentes), Candidatus Mycoplasma turicensis
(patogenicidade intermediaria) e Candidatus Mycoplasma haemominutum (menos
patogénico — normalmente associado a co-infecgdes). Portanto, para felinos anémicos
positivos para Candidatus Mycoplasma haemominutum recomenda-se a investigagao de
co-infecgdes pois possivelmente ele ndo é o unico agente causal da anemia. As técnicas
de PCR sao capazes de identificar género e espécie dos agentes e independem se os
mesmos se desprenderam dos eritrocitos como no casos dos hemoplasmas. Além disso,
muitos outros agentes infecciosos n&o sao detectados em esfregagos sanguineos devido
ao seu tamanho (virus e bactérias) ou porque estdo em baixo numero na circulagao.
(LIU, 2008).

4.4.5 Para se Detectar Bactérias Fastidiosas ou de Crescimento Lento em

Amostras Clinicas

Subespécies de Ehrlichia e Anaplasma, assim como o Mycoplasma hemotropico
sdo bons exemplos de agentes fastidiosos. Estes organismos requerem células de
mamiferos para se propagar (cultura de células), além de serem caras e demoradas
para serem processadas laboratorialmente (DANIELS, 2013). Resultados de PCR
positivo sdo uma excelente e rapida ferramenta diagnostica em pacientes com clinica
compativel. Sorologias associadas com PCR para as subespécies de Ehrlichia e
Anaplasma sao particularmente uteis para o diagnostico, especialmente quando o titulo
na sorologia foi questionavel. Além disso, os métodos baseados em PCR tem maior
valor diagndstico principalmente em fases agudas de doencga, pois nesta fase ainda nao
se tem a soroconvers&o necessaria para os testes sorolégicos (NEER et al., 2002).
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4.4.6 Como Substituto do Isolamento Viral

Métodos baseados em PCR podem ser excelentes substitutos para o isolamento
viral em cultura de células, pois sdo mais rapidos e praticos para serem processados. O
isolamento viral requer manutengéo de linhagens celulares em meio de cultura de tecido,
que sdo caros e relativamente demorados para serem processados (varios dias ou

semanas), o que atrasa a confecgéo do diagndstico (DANIELS, 2013).

4.4.7 Para Obter Diagnéstico em Amostras de Tecido Embebidas em Parafina

Uma vantagem da utilizagdo do acido nucleico (DNA/RNA) como um alvo de
deteccdo € que a viabilidade dos agentes infecciosos presentes na amostra ndo €
necessaria. Quando o patologista sugere diagndsticos diferenciais, o acido nucleico
pode ser extraido a partir de tecidos em parafina e submetido a PCR para deteccao de
agentes infecciosos diversos, como virus, bactérias e protozoarios (DANIELS, 2013).

No entanto, o periodo de tempo que os tecidos ficaram embebidos em formalina
antes de serem emblocados em parafina irda impactar a probabilidade de sucesso do
PCR. O formaldeido promove ligagdes cruzadas de DNA-proteina e RNA-proteina, que
tornam as moléculas de acido nucleico menos passiveis de amplificacdo na reagao de
PCR (GILBERT et al., 2007). Como regra geral, para se ter a possibilidade de utilizagdo
desta amostra para analises moleculares adicionais com probabilidade de sucesso na
PCR, as amostras teciduais devem ser fixadas rapidamente (preferencialmente
imediatamente) em formol para se evitar autdlise e degradagdo de acido nucleico e
armazenadas em formol preferencialmente por no maximo 2 dias até serem emblocadas
em parafina (VON et al., 2005). Depois de emblocadas, as amostras sao viaveis por

longos periodos.
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4.4.8 Envio de Amostras e Consideragcoes Pré-Analiticas

Diagndsticos moleculares oferecem a conveniéncia da possibilidade de utilizagao
de um pequeno volume de amostra, que em sua grande maioria, sao coletadas de forma
minimamente invasiva (DANIELS, 2013). Amostras variadas podem ser encaminhadas
para PCR e a sua escolha depende da suspeita clinica e do patdogeno envolvido

conforme demonstrado na Tabela 3.

Tabela 3. Recomendacgdes e indicagbes de amostras para PCR de acordo com a sintomatologia clinica

SUSPEITA INDICAGCOES AMOSTRA / VOLUME

CLINICA

Doencas - Caes e gatos com diarreia aguda, crénicaou 5 g (minimo 1 g) de fezes
Gastrointestinais intermitente refrigeradas em frasco coletor

Doencgas Renais
ou Hepaticas

Doencgas
Neurolégicas

Doencgas
Respiratoérias

Micoses
Sistémicas

- Perda de peso nao explicada
- Para identificar e minimizar a exposi¢cao
humana para patégenos zoonéticos

- Possibilidade de Leptospirose
- Doenca renal aguda sem exposigao a toxinas
ou pielonefrite diagnosticada

- Doenca renal crénica de etiologia
desconhecida

- Faléncia hepatica ou hepatite

- Febre, vasculite, coagulopatias

Presenga de manifestacdo de doenga

intracraniana incluindo:

- Depressao, mudanga de comportamento

- Convulsbes

- Ataxia, andar em circulos, doencga vestibular

- Cegueira cortical

- Paresia, paralisia

- Anormalidades observadas na analise de
liquor, incluindo contagem de células e/ou
proteinas

- Presenca inexplicada de dor cervical

- Sinais de doenga
secregao oculonasal,
tosse e/ou espirros

respiratéria como
conjuntivite, febre,

- Sinais nao especificos como febre,
letargia, perda de peso, linfoadenomegalia
- Sinais respiratérios incluindo dispneia,

tosse, secrecdo ou massa nasal, espirros,
epistaxe
- Sinais oculares, incluindo uveites,

estéril. Manter refrigerado.

2,0 mL de sangue total em EDTA e
2,0 mL de urina em frasco coletor
estéril. Manter refrigerado.

0,5 mL (minimo 0,2 mL) de liquor
em frasco com EDTA e 2,0 mL de

sangue com EDTA. Manter
refrigerado.
Swab  conjuntival e  faringeo

profundo.* Manter sob refrigeragéo.

Amostra ideal

manifestagao clinica:
- Para manifestagcdoes sistémicas e
ndo especificas: 2,0 mL de sangue
com EDTA
-Para manifestagbes respiratérias:
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coriorretinites, panoftalmite, cegueira aguda, swab faringeo profundo e/ou nasal*
exoftalmia Fluido de Ilavado traqueal ou
- Sinais neurolégicos, incluindo depressdo, broncoalveolar (0,5 mL, sendo o
convulsao, ataxia, alteragbes comportamentais minimo 0,2 mL) em frasco com EDTA
-Sinais gastrointestinais, incluindo diarreia ou aspirado ou biopsia de massa

de intestino grosso ou delgado nasal**

- Sinais musculoesqueléticos, incluindo - Para manifestagées oculares: 0,5

claudicagao e dor 6ssea mL (minimo 0,1 mL) de fluido uveal em
frasco com EDTA ou aspirado de
tecido™*

- Para manifestagées neurolégicas:
0,5 mL (minimo 0,2 mL) de liquor em
frasco com EDTA

- Para manifestagoes
gastrointestinais: 5 g (minimo 1g) de
fezes em frasco coletor estéril

- Para lesbes de pele: aspirados
teciduais ou fragmento de tecido **,
0,5 mL (minimo 0,2 mL) de fluido em
frasco com EDTA

- Para lesOes Osseas: aspirado ou
fragmento de tecido™*

Manter todas as amostras

refrigeradas
Doencas - Anemia - 2,0 mL de sangue com EDTA.
veiculadas por - Trombocitopenia, neutropenia Manter refrigerado.
Vetores/Carrapato - Letargia, febre, linfoadenomegalia
e Anemia -Claudicagéo, evidéncia de poliartrite
- Proteinuria

-Disturbios  hemorragicos resultando em
epistaxe, petéquias e equimoses
- Uveites e sinais neurolégicos
NOTA: todas as amostras devem ser obtidas preferencialmente antes do tratamento

* Swab farigeo profundo e/ou nasal (com material orgénico visivel no swab, esfregar firmemente). Utilizar swabs
com cabo plastico e enviar os mesmos secos, sem nenhum tipo de meio de transporte, em frasco estéril e vazio.
Multiplos swabs podem ser enviados juntos no mesmo tubo. Ao adquirir o swab faringeo precaug¢des devem ser
tomadas para prevenir que o paciente morda e/ou ingira parte do swab.

** Aspirados de tecidos: submeter aspirados de tecidos em swabs (descritos a seguir) melhora a estabilidade da
amostra. Um a trés esfregacos (manter em temperatura ambiente) também sdo amostras aceitaveis, mas podem
resultar em menor sensibilidade.

Protocolo sugerido para aspirados de tecido (aspirados de tecidos com agulha usando técnicas padrbes):
Retirar a seringa da agulha e encher a seringa com ar. Recolocar a seringa na agulha e esguichar o material no
swab. Enviar o swab em um tubo de soro sem gel separador de coagulo ou frasco estéril seco. Manter a amostra
refrigerada.

Biopsias teciduais: testes de PCR podem ser realizados em amostras previamente submetidas a histopatologia
(fixadas em formol ou embutidas em parafina). Amostras teciduais frescas recebidas no laboratério 24 horas apdés
a coleta também sdo aceitaveis. Congelamento ndo é recomendado a menos que a amostra seja mantida
congelada até a chegada no laboratério de PCR.
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A escolha da amostra ideal para deteccdo de DNA e RNA por meio de técnicas
moleculares é fortemente influenciada pela patogénese da doenca e desempenha um
papel fundamental na performance e interpretacdo dos resultados dos testes. Além da
escolha da amostra (sangue, urina, liquor, fezes, linfonodo etc), a fidedignidade dos
resultados € diretamente relacionada a qualidade da mesma e a preservagao do acido
nucleico. Entretanto, diferentemente das técnicas microbiolégicas, este método nao
precisa do organismo viavel para a analise, o que proporciona maior flexibilidade no
transporte das amostras. Apesar disso, alguns cuidados precisam ser tomados para se
evitar a degradagcdo do DNA/RNA, onde a manutengdo das amostras sob refrigeracao
desde a coleta até o momento da analise € extremamente importante. Amostras velhas
de DNA também sao inadequadas, portanto recomenda-se enviar as amostras ao
laboratorio preferencialmente em até 48 horas apos a coleta e realizar a PCR em no
maximo 10 dias para se ter maior seguranca frente a viabilidade do DNA. Evitar manter
as amostras em temperatura ambiente, principalmente expostas a altas temperaturas,
mesmo que seja apenas durante o transporte até o laboratério. Seguir rigorosamente a
recomendacao do laboratorio para envio do material e evitar a utilizagcdo de meios de
transporte como o meio de Stuart por exemplo, que é utilizado para exames
microbiolégicos, pois dependendo do meio além de ser uma possivel fonte de
contaminagao, pode inviabilizar o DNA com o tempo de armazenamento da amostra. O
congelamento das amostras deve ser evitado em amostras frescas, nas quais o
DNA/RNA nao foi extraido, pois frequentemente afetam a qualidade das amostras.
(MACKAY, 2004).

4.4.9 Utilizagao da PCR a Partir de Sinais Clinicos através de Painéis

Na maioria das vezes o diagnostico diferencial de doengas infecciosas ira incluir a
possibilidade de dois ou mais potenciais agentes infecciosos. Alguns laboratorios ja
oferecem painéis que incluem os principais agentes infecciosos desde bactérias, virus e
protozoarios que possam estar relacionados com a presenca de diarreia em caes e
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gatos por exemplo. No Brasil, um trabalho recente demonstrou a presenca de 45,1% de
co-infecgdo em caes com diarreia, com envolvimento de até quatro agentes, realgando
com isso a importancia da investigagao simultdnea de multiplos patdégenos (G1ZZ| et al.,
2014). Os patégenos envolvidos em co-infec¢gdes podem interagir sinergicamente, por
exemplo via sistema imune do hospedeiro, onde a presengca de um aumenta a
quantidade e/ou viruléncia do outro, o que resulta em aumento da patogénese e contribui
para o agravamento dos sinais clinicos (GRIFFITHS et al., 2011 e BHAVNANI et al.,
2012). A utilizacdo de painéis para correta identificagdo dos possiveis agentes
patogénicos envolvidos com o quadro clinico do paciente auxilia na escolha do

tratamento mais adequado.

4.4.10 Limitagbées da PCR

A PCR é uma reacdo enzimatica e portanto muito sensivel a substancias
inibidoras. A grande presenca de hemoglobina em amostras intensamente hemolisadas
por exemplo pode interferir na sintese de DNA devido a inibicdo da agdo da DNA
polimerase e consequentemente inibicdo da amplificacdo do DNA alvo (SCHRADER et
al., 2012). Inibidores da PCR em amostras diagnosticas (ex. fezes ou exsudatos) podem
significativamente reduzir a eficacia e sensibilidade do teste, pois a presenga de altas
concentracdes de polissacarideos por exemplo podem interferir na reacido enzimatica
por mimetizar a estrutura do acido nucleico (DANIELS, 2013).

Um resultado de PCR positivo confirma infecgcédo, porém um resultado negativo na
PCR nao descarta, pois pode ser reflexo da presenca de uma nova variacdo de cepa
nao detectada pelo teste ou em decorréncia do nivel de acidos nucleicos abaixo do limite
de deteccdo observada em pacientes previamente tratados ou com infecgdes cronicas
(DANIELS, 2013 e SCHRADER et al., 2012). Resultados positivos na técnica de PCR
dependem necessariamente da presenga do DNA/RNA na amostra encaminhada para
analise, portanto a escolha das amostras devem ser de acordo com a suspeita clinica e

sitio de replicagdo do agente envolvido. O envio de amostras equivocadas para analise
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podem promover resultados falso-negativos devido a auséncia do DNA/RNA do agente
nesta amostra (SCHRADER et al., 2012 e RADSTROM et al., 2004).
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5 SEGUNDO CAPITULO. PRESENCE OF INFECTIOUS AGENTS AND CO-
INFECTIOUS IN DIARRHEIC DOGS DETERMINED WITH A REAL-TIME
POLYMERASE CHAIN REACTION BASED PANEL (Artigo submetido e aceito pela
BMC Veterinary Research)

Presence of Infectious Agents and Co-Infections In Diarrheic Dogs

Determined with a Real-Time Polymerase Chain Reaction Based Panel

5.1 ABSTRACT

Background: Infectious diarrhea can be caused by bacteria, viruses, or protozoan
organisms, or a combination of these. The identification of co-infections in dogs is
important to determine the prognosis and to plan strategies for their treatment and
prophylaxis. Although many pathogens have been individually detected with real-time
polymerase chain reaction (PCR), a comprehensive panel of agents that cause diarrhea
in privately owned dogs has not yet been established. The objective of this study was to
use a real-time PCR diarrhea panel to survey the frequencies of pathogens and co-
infections in owned dogs attended in a veterinary hospital with and without diarrhea, as
well the frequency in different countries. Feces samples were tested for canine
distemper virus, canine coronavirus, canine parvovirus type 2 (CPV-2), Clostridium
perfringens alpha toxin (CPA), Cryptosporidium spp., Giardia spp., and Salmonella spp.

using molecular techniques.

Results: In total, 104 diarrheic and 43 control dogs that were presented consecutively at
a major private veterinary hospital were included in the study. Overall, 71/104 (68.3%)
dogs with diarrhea were positive for at least one pathogen: a single infection in 39/71
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dogs (54.9%) and co-infections in 32/71 dogs (45.1%), including 21/32 dogs (65.6%)
with dual, 5/32 (15.6%) with triple, and 6/32 (18.8%) with quadruple infections. In the
control group, 13/43 (30.2%) dogs were positive, all with single infections only. The most
prevalent pathogens in the diarrheic dogs were CPA (40/104 dogs, 38.5%), CPV-2
(36/104 dogs, 34.6%), and Giardia spp. (14/104 dogs, 13.5%). CPV-2 was the most
prevalent pathogen in the dual co-infections, associated with CPA, Cryptosporidium
spp., or Giardia spp. No statistical difference (P = 0.8374) was observed in the duration
of diarrhea or the number of deaths (P = 0.5722) in the presence or absence of single or

co-infections.

Conclusions: Diarrheic dogs showed a higher prevalence of pathogen infections than
the controls. Whereas the healthy dogs had only single infections, about half the
diarrheic dogs had co-infections. Therefore, multiple pathogens should be investigated
in dogs presenting with diarrhea. The effects of multiple pathogens on the disease
outcomes remain unclear because the rate of death and the duration of diarrhea did not
seem to be affected by these factors.

Keywords: Canine, Co-infection, Diarrhea, Panel, Real-time PCR

5.2 BACKGROUND

Canine infectious diarrhea has been considered a challenge for veterinarians
because of its pathogenic variability and the concurrent presence of viral, bacterial, and
protozoan co-infections (SIMPSON, 2004 ; VILLIERS e BLACKWOOD, 2005). WWhereas some
pathogens remain on the mucosal surface and produce potent enterotoxins that can
disrupt the fluid flux, others penetrate and replicate within intact epithelial cells,
producing inflammatory damage and/or destroying the host cells, which are overlapping
pathological processes (GREENE e MARKS, 2012). However, many dogs harbor potential
pathogens without any clinical signs, so the cause—effect relationships are far from

clear.
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Molecular tools have been used for the identification and diagnosis of infectious
diseases, in addition to conventional culture techniques and antibody-based tools (LIU,
2008; MACKAY, 2004). Among these molecular approaches, the use of real-time
polymerase chain reaction (PCR) has greatly improved the sensitivity and sensibility of
standard PCR assays of pathogens in canine fecal samples (KUROWSKI et al., 2002).

Therefore, although a number of pathogens have been individually detected with
real-time PCR, including Salmonella spp. (KUROWSKI et al., 2002) and pathogenic
Escherichia coli strains (STENSKE et al., 2009), a comprehensive panel of potentially
diarrhea-causing pathogens in owned dogs is yet to be established. Therefore, the aim
of this study was to investigate pathogenic co-infections in populations of diarrheic and
control owned dogs using a real-time PCR analysis of a panel of diarrhea-causing
agents.

5.3 METHODS

5.3.1 Study population

A total of 147 (104 diarrheic and 43 asymptomatic) dogs consecutively presented
by owners to the largest private veterinary hospital of Curitiba City, Southern Brazil,
were included in the study for the realization of the real-time PCR diarrhea panel,
parasitological diagnosis and clinical data collection.

Fresh fecal samples were collected from all 147 Brazilian dogs, placed in plastic
vials, and kept refrigerated at 4°C until processing. At sampling, the fecal specimens
were scored according to a five-point fecal scoring system for dogs, as previously
described (WESTERMARCK, 2008) : 1, liquid or watery feces with no form; 2, very soft,
unformed feces; 3, very soft, moderately formed feces; 4, firm, well-shaped and
cylindrical feces. Diarrheic dog feces included those with scores from 1 to 3, whereas
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the control dogs had no history of gastrointestinal disorders (vomiting, diarrhea, or

anorexia) and fecal samples with a score of 4.

Additionally, results from 12,370 commercial samples using the same real-time
PCR diarrhea panel performed in the Brazilian samples were obtained from samples
originated from United States (7829), Australia (526), Canada (2855), United Kingdom
(674) and Japan (486). The real-time PCR results for samples collected in different
countries (Table 4) were obtained either by shipping the samples to the United States
for commercial real-time PCR analysis (samples from Brazil, United States, Australia,
United Kingdom, and Japan) or by allowing the diagnostic samples to be analyzed with
the same real-time PCR procedure by the same service provider in the country of origin
(Canada). Nucleic acid quantities, stability, and quality were assessed using internal
sample controls when the samples were shipped to the United States for real-time PCR

analysis.

The study was approved by the Ethics Committee in Animal Experimentation and
Animal Welfare of the Federal University of Parana Curitiba Campus, Parana State,

Southern Brazil (protocol number 036/2011).

5.3.2 Clinical outcomes

The diarrheic dogs were evaluated for the duration of diarrhea and death in
relation to the presence of single or co-infections. Was also evaluated whether the
clinical suspicion of association with infectious agents was related to the duration of
diarrhea (< 10 days, 10 days to 2 months, and > 2 months) and whether the correct
antibiotics were used (for empirical treatment after sample collection but before the
results were obtained) based on the pathogen ultimately detected.
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5.3.3 Real-time PCR

Total nucleic acids were extracted with standard protocols using a commercial
platform (Corbett X Tractor-Gene, Qiagen, Valencia, CA, USA). A housekeeping gene
(18S rRNA) was used to determine the amounts of genomic DNA and cDNA after
reverse transcription and to confirm DNA integrity.

The PCR tests were based on the IDEXX proprietary RealPCR™ service platform
(IDEXX Laboratories, Inc., Westbrook, ME, USA). Briefly, conserved nucleotide regions
were selected and two primers and a hydrolysis probe were designed to hybridize to
them, using commercial software (PrimerExpress Version 3.0, Applied Biosystems,
Foster City, CA, USA). An additional two primers flanking the fragment amplified in the
real-time PCR assay were designed for sequence verification purposes. Fecal samples
were tested by hydrolysis probe-based real-time PCR assay for a panel of potential
enteropathogens, including Canine Distemper Virus (CDV) (phosphoprotein G,
GenBank acccession number AY649446.1), Canine Coronavirus (CCoV) (M gene, Type
I, AF502583; typ ell D13096), Canine parvovirus type 2 (CPV-2) (VP2, U22139),
Clostridium perfringens alfa toxin (CPA) (alpha toxin, L43545), Cryptosporidium spp.
(ssrRNA, A093489), Giardia spp. (ssrRNA, DQ836339), and Salmonella spp. (invasion
A gene, EU348366) at a reference laboratory within 5 days after collection. CPA was
quantified using a pre-established cutoff of > 300,000 copies/g of feces [8]. For CPV-2 a
cutoff value was used to discriminate vaccine strains from wildtype infections (1.2 million
CPV-2 gene equivalents per gram of stool). Real-time PCR was performed with
standard primer and probe concentrations using a commercially available mastermix
(LC480 ProbesMaster, Roche Applied Science, Indianapolis, IN, USA) on a
commercially available real-time PCR platform (Roche LightCycler 480).
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5.3.4 Analytical and clinical validation

Real-time PCRs were validated analytically and clinically. For the analytical
validation, each assay was required to meet six validation criteria: amplification
efficiency, linearity, intra-run reproducibility, inter-run reproducibility, r* value, and signal-
to-noise ratio of the fluorescent signal using a specific synthetic positive control. Each
assay had an analytical sensitivity of 10 molecules and an amplification efficiency
between 95% and 100%. Clinical samples were selected based on a reference method
for each test and a correlation study was performed. The analytical specificity of all real-
time PCR tests was confirmed by resequencing the clinical sample material using
additional primer pairs positioned outside the synthetic positive control. Diagnostic
sensitivity and specificity based on comparisons with reference testing methods were in
the high 90% for each real-time PCR test. Gold standard tests included the
immunofluorescence antibody assay for CDV, enzyme-linked immunosorbent assay for
CPV-2 and Giardia, and real-time PCR performed at the University of California Davis
for CCoV, Cryptosporidium, and Salmonella.

To validate each PCR panel test result, seven quality controls were used for each
sample tested: 1) PCR positive controls (quantitative); 2) PCR negative controls; 3)
negative extraction controls (five per 96-well plate); 4) DNA internal sample control
targeting the host 18S rRNA to quantify the DNA in the submitted diagnostic sample; 5)
RNA internal sample control targeting the host 18S rRNA to quantify the cDNA in the
submitted diagnostic sample after reverse transcription; 6) control to monitor
environmental contamination; and 7) spike in the internal positive control to monitor PCR
inhibition. These controls were used to assess the functionality of the PCR test protocol
(1), the absence of contamination in the reagents (2) and laboratory (5), the absence of
cross-contamination during the extraction process (3), the quality and integrity of the
DNA and RNA as a measure of sample quality (4 and 5), the RT protocol (5), the
absence of random positive PCR signals within the PCR laboratory (6), and the absence
of PCR inhibitory substances carried over from the sample matrix (7).
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5.3.5 Parasitological diagnosis

A fecal flotation procedure was performed with zinc sulfate (DRYDEN et al., 2005) and
saturated sodium chloride (SLOSS et al., 1999) flotation solutions, as described previously. The
parasitological test was performed with light microscopy by identifying the parasite eggs,
larvae, cysts, and oocysts, according to their morphological characteristics (SLOSS et al.,
1999; HENDRIX e ROBINSON, 2006).

5.3.6 Statistical analysis

The results were subjected to statistical analysis with the x? test or Fisher’s exact
probability. Differences were considered significant when p < 0.05. The statistical
analysis was performed at a website for statistical computation (VassarStats, Vassar
College, Poughkeepsie, NY, USA).

5.4 RESULTS

5.4.1 Real-time PCR

Potential enteropathogens were identified in 71/104 (68.3%) diarrheic samples in
the present study, most of which contained multiples pathogens. Single infections were
observed in 39/71 (54.9%) positive samples and co-infection in 32/71 (45.1%) possible
samples. Dual, triple, and quadruple infections were observed among the co-infections
(Table 1). The most prevalent agent involved in co-infections was canine parvovirus type
2 (CPV-2), and 21/36 (58.3%) of the diarrheic samples positive for CPV-2 were
associated with others agents, most commonly with Clostridium perfringens alpha toxin
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(CPA), Cryptosporidium spp., and Giardia spp. Although 13/43 (30.2%) of the feces
samples from the control dogs were positive for the panel of diarrhea-causing
pathogens, no co-infection was observed in any of these samples.

Table 1 Prevalence of single or co-infection in diarrheic and control feces using a real-time PCR panel

Dogs P value
Infection Control (43) n (%) Diarrheic (104) n (%)
Negative 30/43 (69.8) 33/104 (31.7) < 0.0002
Positive 13/43 (30.2) 71/104 (68.3) < 0.0002
Single 13/13 (100) 39/71 (54.9) 0.004
Co-infection none 32/71 (45.1) 0.004
Dual none 21/32(656) e
Triple none 5/32 (156) e
Quadruple none 6/32(188) e

Of the 71/104 (68.3%) dogs with diarrhea and positive results, 26.8%, 28.2%, and
4.2% had pure viral, bacterial, and protozoan infections, respectively, whereas 7.0%,
14.0%, and 9.3% of samples from the control dogs were positive for viral, bacterial, and
protozoan infections, respectively. The association of viral and bacterial infections was
the most prevalent type of co-infection in the diarrheic group (37.5%), with CPV-2 and
canine coronavirus (CCoV) constituting 75.0% of this type of co-infection. Viral and
protozoan co-infections accounted for 25.0% of these associations, bacterial and

protozoan for 6.2%, and viral, bacterial, and protozoan co-infections for 21.9% (Table 2).
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Table 2 Virus, bacteria and protozoan association in diarrheic and control feces of dogs

Dogs Brazil
Pure Infection P value  Control (43) n (%) Diarrheic (104) n (%)
Viral 0.01306 3/43 (7.0) 19/71 (26.8)
Bacterial 0.10720 6/43 (14.0) 20/71 (28.2)
Protozoan 0.42284 4/43 (9.3) 3/71 (4.2)
Co-infection
Viral and Viral none 3/32 (9.4)
Viral and Bacterial none 12/32 (37.5)
Viral and Protozoan none 8/32 (25.0)
Bacterial and Protozoan none 2/32 (6.2)
Viral, Bacterial and Protozoan none 7/32 (21.9)

A significant association was found between dogs with diarrhea and positive
results on the real-time PCR diarrhea panel compared with the control dogs with normal
feces (P < 0.001).

The detection of individual pathogens in the panel with real-time PCR (Table 3)
showed that CPA was the most prevalent pathogen in the fecal samples, infecting
40/104 (38.5%) diarrheic dogs and 6/43 (14.0%) control dogs, and the difference
between the groups was highly statistically significant (P = 0.006). Despite this, it was
necessary to quantify CPA to consider its probable role. When the pre-established cutoff
of > 300,000 copies/g of feces was applied [8], a significant difference (P = 0.0025)
between the control group (4/43, 9.3%) and the diarrheic group (37/104, 35.6%) was
observed. CPV-2 was the second most prevalent pathogen, found in 36/104 (34.6%)
diarrheic dogs and 0/43 (none) control dogs, and also showed a highly significant

difference between the groups (P < 0.001).
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Table 3 Individual infectious agents in the real-time PCR Canine Diarrhea Panel of dogs from Southern Brazil

Pathogen (Diarrheic dogs) (Control dogs)

No. Positive (%) 95% CI No. Positive (%) (n =43) 95% CI P value

(n =104)

Overall Rate * 71 (68.3) 58.3-76.9 13 (30.2) 17.67 -46.3 < 0.001
Canine Distemper Virus 9 (8.7) 4.3-16.2 0 (0) 0-10.2 0.058
Canine parvovirus type 36 (34.6) 25.7-447 0 (0) 0-10.2 0.001
2%
Salmonella spp. 1(1) 0.05-6.01 0 (0) 0-10.2 1
Cryptosporidium spp. 8(7.7) 3.6-15.0 2(4.7) 0.8-171 0.723
Giardia spp. 14 (13.5) 7.8-219 2(4.7) 0.8-17.1 0.151
Canine Coronavirus 12 (11.5) 6.4-19.7 3(7) 1.8-20.1 0.554
C. perfringens alpha 40 (38.5) 29.2-485 6 (14) 5.8 -28.6 0.006
toxin gene *

* Significantly (P < 0.05) different between Diarrhea Group and Control Group.
**Significantly (P < 0.1) different between Diarrhea Group and Control Group.

Although 9/104 (8.7%) diarrheic dogs were positive for canine distemper virus
(CDV), the difference between the diarrheic and control dogs was not significant (P =
0.059). Similarly, 12/104 (11.5%) diarrheic and 3/43 (7.0%) control dogs were positive
for CCoV, and these rates were not significantly different (P = 0.554).

Only 1/104 (1.0%) and 8/104 (7.7%) diarrheic dogs were positive for Salmonella
spp. and Cryptosporidium spp., respectively. In the control group only 2/43 (4.7%) were
positive for Cryptosporidium spp., and the two groups did not differ significantly (P =
0.724). Although Giardia spp. were detected in 14/104 (13.5%) diarrheic dogs and 2/43
(4.7%) control dogs, the difference was not significant (P = 0.151).
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5.4.2 Diarrhea in relation to age

Among the diarrheic samples, 43/104 were from 0—1-year-old dogs, 36/104 from
1-8-year-old dogs, and 25/104 from dogs > 8 years old. The PCR results were positive
in 39/43 (90.7%) samples from animals 0—1 years old, in 20/36 (55.5%) samples from
those 1-8 years old, and 12/25 (48.0%) samples from those > 8 years old. A significant
association was observed between dog age and the pathogens CPV-2 (P < 0.0001),
Giardia spp. (P = 0.01), and CCoV (P = 0.02), which were most prevalent among the 0—
1-year-old dogs. Although CPV-2 is considered to be primarily a disease of puppies, it
also occurred in 4/36 (11.1%) animals aged 1-8 years and in 3/25 (12.0%) dogs aged >
8 years. Only 13/36 (36.1%) of the positive animals for CPV-2 had no history of
vaccination, in which 1/4 (25%) and 1/3 (33.3%) were adults with 1-8 years and 8 years
respectively. Details of dates and brands of the vaccines were not obtained. There was
a highly significant association between age and co-infection (P < 0.0001), which was
more prevalent among the 0—1-year-old dogs, of which 25/43 (58.1%) had co-infections
with two or more pathogens. Co-infection occurred less often in the other age groups,
occurring in 5/36 (13.8%) dogs in the 1-8-year-old group and 3/25 (12%) dogs > 8 years
old. A significantly higher prevalence (P = 0.0026) of viral and protozoan associations
was observed in the 0—1-year-old diarrheic dogs than in the other age groups. However,
no significant associations between the other co-infections and age were observed.

5.4.3 Diarrhea duration in relation to number of pathogens

No significant association (P = 0.8374) was observed between the duration of

diarrhea and the presence of single or co-infections.

5.4.4 Diarrhea in relation to death

The presence of co-infection did not increase the number of deaths (P = 0.5722)

more than the presence of a single infection.
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5.4.5 Diarrhea in relation to clinical suspicion

In this study, even when diarrhea lasted for more than 10 days, an infectious

disease was still clinically suspected (P = 0.6606).

5.4.6 Diarrhea in relation to the use of antibiotics

During the period from sample collection to the generation of results for the
diarrhea panel analysis (approximately five days), 40/104 (38.5%) dogs received
empirical treatment with combinations of two to four antibiotics. In total, 40/71 (56.34%)
diarrheic dogs with positive PCR results were treated with antibiotics that were,
according to the literature, inappropriate for the pathogens ultimately identified.

5.4.7 Parasitological diagnosis

In total, 20/104 (19.2%) and 3/43 (7.0%) fecal samples from diarrheic and control
dogs, respectively, were positive on parasitological tests. The most prevalent intestinal
parasites found in the diarrheic samples were protozoa (Giardia spp. and/or Isospora
spp.), which affected 12/104 (11.5%) dogs, and helminths (Ancylostoma sp. and/or
Toxocara sp.), which affected 10/104 (9.6%) dogs. All the parasites found in the three
positive control samples were identified as Ancylostoma sp. When all the samples from
diarrheic and control dogs were considered, 22/23 (95.7%) positive fecal samples and
61/124 (49.2%) negative fecal samples on parasitological tests were also positive on the

real-time PCR diarrhea panel.

Of the 13/147 (8.8%) samples positive for helminths (Ancylostoma sp. and/or
Toxocara sp.), 12/13 (92.3%) were also positive on the real-time PCR. Among the
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134/147 (91.2%) samples negative for helminths, 71/134 (52.9%) were positive on the
real-time PCR. Dogs positive for helminths were 1.7 times more likely to be positive on
the real-time PCR diarrhea panel, which indicates a statistically significant association (P
= 0.006) between the infections detected with real-time PCR and the presence of

helminths.

Of the 16/147 (10.9%) samples shown to be positive for Giardia spp. with real-
time PCR, only five were positive on the parasitological tests. Considering that real-time
PCR is the gold standard for the detection of pathogenic agents, the parasitological test
showed 31.2% sensitivity (95% confidence interval, 12.1%—-58.5%). Isospora spp. were
found in 7/147 (8.4%) samples with the parasitological test, and all of these samples
were also positive for the agents detected with real-time PCR, suggesting that /sospora

spp. are usually involved in co-infections.
5.4.8 Results between countries

The prevalence of diarrheic dogs observed in the Brazilian samples (68.3%) was
similar to that observed in the United States (54.5%), Australia (58.4%), Canada
(52.0%), United Kingdom (51.7%), and Japan (49.6%), as shown in Table 4. The rate of
co-infection observed in Brazilian diarrheic dogs (45.1%) was also higher than those in
the other countries tested (Table 4) and a significant difference was observed between
United States (P < 0.0001), Australia (P = 0.01) and Canada (P = 0.04).
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Table 4 Canine Diarrhea Panel from diarrheic dogs of Brazil, United States, Australia Canada, UK and
Japan

Infectious Agent Brazil us Australia Canada UK Japan
Prevalence

Canine Distemper Virus 8.7% 1.4% ** 23%* 1.6%** 25%* 1.0% ***
Salmonella spp. 1.0% 2.2% 4.6% 5.0% 0.0% 3.0%
Canine parvovirus type 2 34.6% 1.9% *** 6.8% *** 8.0% *** 351%  9.0% ***
Cryptosporidium spp. 7.7% 5.4% 4.0% 14.0% 34.7% *™*  9.0%
Giardia spp. 13.5% 10.5% 10.8% 14.0% 20.2% 10.0%
Canine Coronavirus 11.5% 13.9% 51%* 11.0% 16.9% 26.0% ***
C. perfringens alpha toxin 38.5% 36.2% 456% 46.0% 51.2%* 21.0% ***
Overall Infection Rate 68.3% 54.5% ** 58.4% 52.0% * 51.7% ** 49.6% ***
Coinfection Rate 45.1% 249% *** 31.3%* 34.0%* 41.9% 35.3%
Samples included n =104 n=7829 n=526 n=2855 n=674 n=486

* Significantly (P < 0.05).
**Significantly (P < 0.01).
***Significantly (P < 0.001).

5.5 DISCUSSION

A high prevalence (68.3%) of diarrheic dogs, shown to harbor at least one
pathogen by real-time PCR, was observed in the Brazilian samples, which exceeded
those in the United States (54.5%), Australia (58.4%), Canada (52.0%), United Kingdom
(561.7%), and Japan (49.6%), as shown in Table 4. The rate of co-infection observed
here in diarrheic dogs (45.1%) was also higher than those in the other countries tested.
Despite the higher prevalence of enteropathogens and co-infections in Brazil, the rates
in the other countries are also relevant, indicating that infectious diarrhea may be a
global phenomenon rather than a phenomenon specific to a particular country. Because
all dogs with co-infections belonged to the diarrheic group and co-infections were
observed in all age categories, this study highlights the importance of investigating
multipathogen co-infections, especially in dogs aged 0-1 years, in which the rate of co-

infection was 4-fold higher than in the other age groups.
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Many enteric viruses, bacterial pathogens, and parasites probably contribute to
disease both individually and in combination (O’'RYAN et al., 2005), and together, co-
infecting pathogens may cause more severe diarrhea than infections with each
pathogen alone (GRIMPREL et al., 2008). The pathogens involved in a co-infection can
interact synergistically, for example via the host’'s immune system, with the presence of
one enhancing the abundance and/or virulence of the other, resulting in even greater
pathogenesis and a greater contribution to the overall disease burden (GRIFFITHS et al.,
2011; BHAVNANI et al., 2012). Therefore, interspecific pathogen interactions can alter the
pathogen dynamics, host health, and the success of control strategies (LELLO et al., 2008;
PEDERSEN e FENTON, 2007).

In this study, co-infection did not increase the duration of diarrhea and there was
no significant difference in the number of deaths in animals with or without co-infections.
Because there was no reliable correlation between the interaction of enteropathogens in
co-infections in this study, the cause—effect relationship between the presence of an
organism and the occurrence of diarrhea is still unclear. Opportunistic or commensal
organisms may be identified from an imbalance in the intestinal flora or dysbiosis, and
not all the co-infecting agents present must be treated to produce a good outcome.
However, because all the infectious agents evaluated here have been described as
causing diarrhea in experimental studies, knowledge of their presence allows treatments
and prevention strategies to be planned. In this study, even when diarrhea persisted for
more than 10 days, the infectious diseases were still present in the differential diagnosis.
Empirical treatments and the use of several antibiotics are common in routine veterinary
practice and the use of a panel to detect multiples pathogens prevents the incorrect or
excessive use of antimicrobial drugs, which could cause resistance. Furthermore, some
of these pathogens are potential zoonotic agents, including hookworms, Giardia spp.,
Cryptosporidium spp., and Salmonella spp., and the identification of these organisms

can reduce the risk of their transmission to humans and others animals.

Although this study focused on client-owned dogs, dogs received in animal
shelters are also expected to carry pathogen co-infections, including zoonotic agents
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[15]. However, differences have been observed in the prevalence of each agent,
especially in terms of the co-infection rates, and dogs from shelters with diarrhea
showed a higher prevalence of co-infection (96.0%) (TUPLER et al., 2012) than was
observed in this study (45.1%). That heterogeneous dog population had a higher rate of
crowding, and the dogs may have been immunocompromised for clinical, nutritional,
and/or psychological reasons, exposed to more environmental pathogens, and
sometimes with inadequate health care, so their high co-infection rate cannot be
compared validly with that of owned dogs in households.

The highest rate of co-infection in this study involved the association of viral and
bacterial agents, in contrast to the highest co-infection in dogs in the United States,
which was caused by viruses and protozoans. The highest co-infection rates were for
CPV-2 and CPA, observed in 9/12 (75.0%) samples from dogs in Brazil, and for CCoV
and Giardia spp., which occurred together in 35.4% of dogs from the United States.
These co-infections may have clinical effects and may require more-intensive efforts to
ensure the appropriate treatments to eliminate specific pathogens and to correct
electrolyte, acid—base, and nutritional disturbances, potential sepsis, and other
metabolic consequences (RICHTER, 2008).

The alpha toxin gene is present in all strains of Clostridium perfringens and may
be found in asymptomatic dogs as part of the normal intestinal microflora (MARKS, 2002),
as in 14% of the control dogs in the present study. Data from some studies indicate that
conventional PCR that targets only CPA will almost always be positive and of virtually no
clinical use (MARKS, 2002). However, a recent study demonstrated that the quantification
of CPA may be used as a diagnostic marker for association of the agent in patients with
diarrhea (LEUTENEGGER, 2012). Using the same methodology and cutoff value as a
previous study (LEUTENEGGER, 2012), we observed a significant difference between the
control group (4/43, 9.3%) and in the diarrheic group (37/104, 35.6%; P = 0.0025) in the
proportion of animals positive for > 300,000 copies of CPA. The higher amount of CPA
in the diarrheic dogs than in the control dogs suggests that the high concentrations of
toxins produced by this organism exert a pathogenic effect on the gastrointestinal tract.
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In the present study, diarrheic dogs co-infected with CPA had 3-fold more copies than
those that were infected with only CPA. We hypothesize that in these cases, C.
perfringens overgrowth in the bacterial flora increases the toxin expressed, which
contributes to the dog’s diarrhea.

All the control dogs were negative for CPV-2, which was strongly associated with
diarrhea (P = 0.000004), with an overall occurrence of 36/104 (34.6%) in the diarrheic
dogs. The same prevalence (18/51, 34.6%) was observed in a study also conducted in
Brazil but performed only with puppies up to 6 months old (CASTRO et al., 2007) and
corroborated with previous surveys, which reported rates varying from 16% (SCHULZ et
al., 2008) to 58% (GODSALL et al., 2010). Although CPV-2 has been considered to be
primarily disease of puppies, the present study has shown the importance of also
investigating adult dogs for CPV-2, since occurred in 11.1% of 1-8 year old dogs and in
12.0% of dogs older than 8 years. The CPV-2 was most prevalent agent involved in co-
infections in this study, in which 58.3% of the diarrheic samples positive for CPV-2 were
associated with others agents, contrasting with only 3.8% CPV-2 co-infection observed
in the study with puppies (CASTRO et al., 2007). This variability may be related to the
geographic regions examined, the populations studied, agents investigated and the
diagnostic techniques used (GODSALL et al., 2010). Although the date of live-modified
vaccination was not the focus of this study, the CPV-2 cutoff value used was able to
differentiate vaccine strains from wild-type infections. Despite the use of vaccination, the
CPV-2 was still spread among the dogs as observed in this study, in which only 13/36
(36.1%) of the positive animals for CPV-2 had no history of vaccination. Still remains
unclear whether type-2 vaccines can provide protection against the new variants of the
CPV, but a recent study observed that the cases of vaccine failure are most likely not
associated to the mutations detected in the sequenced regions (CASTRO et al., 2011).
Thus, further studies should elucidate whether local parvovirus strains are effectively
controlled by the currently available vaccines and which factors may be associated with
the vaccination efficacy. CPV-2 was the most prevalent agent associated with dual co-
infections in the present study, which may be attributable to highly contaminated

environments or low dog immunity (DECARO e BUONAVOGLIA , 2012).
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Although the detection rate of CCoV was higher in the diarrheic dogs (11.54%)
than in the control dogs (6.98%), the lack of a statistically significant difference in these
rates may indicate a secondary role for CCoV as an intestinal pathogen in dogs.
Although the shedding of CPV-2 seemed to be associated with clinical signs of
gastroenteritis, CCoV was also detected in healthy dogs, as previously reported (SCHULZ
et al., 2008). Although CCoV infections are characterized by high morbidity and low
mortality, with typically mild enteritis in dogs (DECARO e BUONAVOGLIA, 2008; DECARO et al.,
2011), 11/12 (91.7%) diarrheic dogs with CCoV were co-infected with other enteric
pathogens, which may have aggravated their clinical signs and even caused higher
mortality, as reported earlier for CPV-2 (DECARO et al., 2006), canine adenovirus type 1
(DECARO et al., 2007), and CDV (DECARO et al., 2004). CDV tended to be significantly higher
in the diarrheic dogs than in the control dogs; although not significant, the P value was
very close to the limit of significance (P = 0.059).

Whereas some enteropathogens, such as Salmonella spp., Cryptosporidium
spp., and Giardia spp., showed similar prevalences in the various countries tested
(Table 4), CDV and CPV-2 were approximately 4-fold more prevalent in Brazil, indicating
that the higher incidence of viral diseases may be related to differences in strain

pathogenicity, vaccination status, and environmental factors.

Although the CPV-2 strain and vaccine status/response may play important roles
in viral infection and host immunity, further studies are required to fully understand this
specific pattern of CPV-2 infections in Brazil.

Although intestinal parasites contribute to diarrhea, 95.7% of positive and 49.2%
negative samples on the parasitological tests were also positive on the real-time PCR
diarrhea panel, indicating that fecal parasitological tests alone should not be used as a
single diagnostic tool.
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5.6 CONCLUSIONS

To the best of our knowledge, this is the first real-time PCR-based analysis of a
panel of diarrhea-causing pathogens performed in Brazil. Our results indicate that dogs
with diarrhea show a relatively high prevalence of pathogenic infections, highlighting the
importance of investigating infectious pathogens in dogs with diarrhea. Whereas
asymptomatic dogs had single infections only, approximately half the diarrheic dogs
presented with co-infections, emphasizing the importance of the simultaneous
investigation of multiple pathogens in individual samples. The most prevalent pathogens
in diarrheic dogs in Brazil were C. perfringens alpha toxin, CPV-2, and Giardia spp.
Among the dual co-infections observed, CPV-2 was most commonly associated with C.
perfringens alpha toxin, Cryptosporidium spp., and Giardia spp.

In this study, co-infection did not increase the duration of diarrhea or increase the
risk of death. However, considering that all the infectious agents examined have been
described as causing diarrhea in experimental studies, knowledge of their presence
should allow us to plan treatments and prevention strategies. The effects of multiple
pathogens on the disease outcomes remain unclear, because neither the death rate nor

the duration of diarrhea seemed to be affected by these factors.
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6 CONSIDERACOES FINAIS

Neste estudo foi observada uma alta prevaléncia (68,3%) dos patdégenos
pesquisados em caes diarreicos, onde praticamente metade (45,1%) deles
apresentavam co-infecgbes de dois até quatro patdégenos, destacando portanto a
importancia de se investigar multiplos patdgenos em cées com diarreia.

A relacdo de causa e efeito entre a presenca do patdgeno e o envolvimento
com o quadro diarreico do paciente ainda permanece incerta. Entretanto,
considerando-se que todos os patégenos pesquisados s&o potencialmente
patogénicos e que os mesmos podem interagir sinergicamente aumentando a
quantidade e/ou viruléncia dos demais patdégenos envolvidos, o entendimento e a
deteccdo destes agentes permite um adequado planejamento de tratamento e
respectivas estratégias de prevengéo.

Dentre os patdégenos pesquisados, os agentes mais prevalentes nos caes
diarreicos foram C. perfringens alpha toxin, CPV-2, e Giardia spp. Ja entre as co-
infecgdes, o CPV-2 foi o mais comumente associado com o C. perfringens alpha
toxina, Cryptosporidium spp., e Giardia spp., respectivamente.

Observou-se também que 13% dos cées do grupo controle apresentavam-se
infectados por um dos agentes pesquisados. Mesmo frente a uma menor prevaléncia
quando comprada ao grupo diarreico, destaca-se que estes animais mesmo que
assintomaticos, podem ser fonte de infec¢do para outros animais e até mesmo seres
humanos.

A PCR em tempo-real mostrou-se uma excelente ferramenta diagnostica para
deteccdo de patdégenos em amostras fecais, principalmente para deteccdo de
multiplos patégenos quando utilizado na forma de painéis.
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7 APENDICE

QUESTIONARIO UTILIZADO PARA DESENVOLVIMENTO DO PROJETO :

VALOR DIAGNOSJ'ICO DE PAINEIS DE PCR EM TEMPO-REAL PARA DETECTAR
CO-INFECCOES DE AGENTES CAUSADORES DE DIARREIA EM CAES

Numero de acesso #: Cao O

Nome do proprietario:

CEP do cliente / proprietario: -

Dados do paciente: Idade anos e meses
Macho O Fémea O Castrado(a): sim 0 nio O
Racga

Escore corporal (1-9): 10 200 30 40 501 (| 70 81 9]

(1=muito magro, 5=ideal, 9=muito gordo)

Vacinado? nao ( ) Sim ( ) Octupla( ) giardia ( ) raiva ()

esquema de vacinacio em dia? nio ( ) Sim ( )

vermifugado? ( ) nao ( ) sim qual quando

Ambiente: Gato: Sem acesso externo O Cao: quintal / pouco contato com outros cies
O

Acesso externo O Acesso a parques / contato com canis

O

Contactantes: caes () gatos () aves () outros(
)

Razdo da consulta:  Visita Anual O Doente O

Se doente, 0 que apresenta: Diarréia OJ Outro: 0

qué:
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Exames realizados até 0 momento: hemograma ( ) bioquimica serica ( )
urinalise() ecografia abdominal ( ) radiografia ( )

outros()

Exame fisico: melena ( ) hematoquesia ( ) muco ( ) presenca de cestéides ou nematéides

)
presenca de material nao-digerido ( ) corpos estranhos ()
resultado do exame parasitolégico de rotina (verminose):
Suspeita clinica:
Diagnostico clinico:
Razio para exame de fezes: Rotina (] Diarréia OJ Outro: por

qué

Apetite: Normal 0  Diminuido 0 Aumentado O
Vomitos: ndo [ sim OJ
Perda de peso: nio [  sim O
O animal esta recebendo antibiéticos: ndo 0  sim OJ

Se sim, qual (is) antibiotico (s):

Se diarréia, pergunte ao cliente se tem tempo para responder as seguintes questdes:

Duracgao da Diarréia (dias):

Frequéncia de Defecagiio (nimero de fezes por dia): 1-2xdiald 3-5xdia0d = 5x dia

Dificuldade de Defecagio: Niao O Sim O
Presenca de sangue nas fezes: Nio O Sim O Se sim:  vermelho vivo (hematoquesia)
O escuro/negro (melena)
O
Escore fecal (1-4): 10 200 30 40

1 =bem firme, 2 = médio; 3 = mole; 4 = aquoso
O animal esta recebendo alguma outra medicagio para diarréia: nao O sim O

Se sim, qual (is) medicagao (des)

Mudanca de alimentag¢io nos ultimos dias (intencional ou acidental). Nio O Sim O

Qual (comeu o que)?

Tem mais algum animal apresentando os mesmos sinais clinicos na casa?
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CERTIFICADO
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Agrarias, em reunido realizada dia 30 de setembro de 2011.
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8.2
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147. PAINEL DE PCR EM TEMPO-REAL NA DETECGAO DE AGENTES
CAUSADORES DE DIARREIA EM CAES E SUAS CO-INFECGOES

Aline b. Rocha gizzi, dvm'*; Simone T. Oliveira dvm, ms, phd'; Christian Leutenegger,
dvm, phd’; Denise A Kozemjakin', dvm, msc; Mary Marcondes, dvm, ms, phd®;
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‘Universidade Federal do Parand, Curitiba, Brasil - abiondo@illinois.edu. “Ildexx
Laboratories, Sacramento, EUA. “Clinilab Laboratéric de Patclogia Animal, Curitiba,
Brasil. “Universidade Estadual Paulista, Aragatuba, Brasil.

RESUMO

Foram analisadas amostras de fezes de cdes com diarréia por painel de PCR em
tempe-real, incluindo o virus da Cinomose Canina, o Coronavirus Entérico Canino, ©
Parvovirus Caninc 2 {PC2), Clostridium perfnngens enterctoxina A, Cryptosporidium
spp., Salmonella spp. e Giardia spp. Do total das amostras, 71104 (68.27%)
apresentaram pelo menos um agente etiolégico, sendo 39/71 (54.93%) com infecgio
Onica e 3271 (45.07%) apresentandc co-infecgbes, das quas 21/32 (65,62%)
possuiam dois agentes eticlégicos associades, 5/32 (15,63%) com trés e §/32 {18,75%)
asscciagdo de quatro. Em CONCLUSAQ, co-infecjdo com até quatre patégenos é
frequente na diarméia em cies.

PALAVRAS-CHAVES diarréia, canina, PCR em tempo real, painel

PANEL OF REAL-TIME PCR FOR DETECTION OF AGENTS IN CAUSING
DIARRHEA IN DOGS AND CO-INFECTIONS

ABSTRACT Feces samples from dogs with diarrhea were analyzed by panel of Real
Time PCR, including Canine Distemper Virus, Canine Enteric Virus, Canine Parvovirus
2 (CP-2), Ciostridium perfringens enterotoxin A, Cryptosporidium spp., Saimonella spp.
and Giardia spp. Out of the total of samples, 71/104 (68.27%) presented at least one
agent; 39/71 {54.93%) single infection and 32/71 {45.07%) ce-infecticn, of which 21/32
{65.62%) with two, 5/32 {15.63%) with three and 6/32 (18.75%) with four infections
agents. In conclusion, co-infection with up to four pathogens is frequent in dogs with
diarrhea.

KEYWORDS: diarrhea, canine, Real Time PCR, panel
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INTRODUGAOQ

O manejo e diagnéstico definitve da diarréia canina é um desafic, devide a
variedade de patégenos, sinais clinicos ndo especificos e presenga concomitante de
co-infecgdes. Além de ser potencial indutor de doenga em caes, muitos
enteropatégencs apresentam riscos zoondticos para os seres humanos. As zoonoses
caninas intestnais {em particular, Giardia spp., Cryptosponidium spp., Salmonella spp.
e Campylobacter spp.) sdo consideradas de extrema importdncia.” Técnicas
tradicionais para diagndstico laberateral destes patdgenocs, como por exemglo a cultura
fecal, apresentam baixa sensibiidade. A utillizagdo de painéis de PCR em tempe real
para caes e gatos com diaréa confere uma nova perspectiva na detecgdo rapida e
sensivel de genes de toxinas e agentes infeccioses.” O presente estudo teve como
objetivos detectar a prevaléncia dos princpais agentes respensaveis por diaréia em
caes por meic de RT-PCR e avaliar a presenga de co-infecgdes.

MATERIAL E METODOS

Foram analisadas 104 amostras de fezes de cdes com diarréia e 43 amostras de
fezes normais {grupo controle). As amostras foram estocadas sob refrigeragdo por um
periodo n2o superior a 05 dias até o momento da extragdo total do acido nudléico e da
realizagac de PCR em tempo real. O painel diarréia de PCR em tempo-real incluiu a
detecgdo molecular do virus da Cinomeose canina, Coronavirus entérico canino,
Parvovirus canino 2, Clostridium perfringens enterotoxina A, Cryptospondium spp.,
Giardia spp. e Salmonella spp.

RESULTADOS

Dos 104 caes com diarréia, 71(68.27%) foram positivos para pelc menos um
agente etoldégico. A prevaléncia de infecgbes por um dnico agente foi de
39/71(54.93%), sendo que 3271 (45.07%) apresentaram mais de um enteropatdégenc
nas fezes. Destas amostras 9/104 {B.65%) foram positvas para ¢ virus da Cinomose
Canina, 12/104 (11.54%) para Coronavirus Entérico Caninc, 36/104 (34.62%) para
Parvovirus Canino 2 (PC2), 40V104 {3B.46%) para Clostndium Perfringens enterotoxina
A, BI04 (7.69%) para Cryptospondium spp., 1/104 (0,96%) para Salmonella spp. e
14/104 (13.46%) para Giardia spp. No grupo controle nao foi cbservada co-infecgao,
onde das 43 amostras, 02 (4.65%) foram positivas para Cryptosporidium spp., 02/43
{4.65%) para Giardia spp., 03/43 (6.98%) para Coronavirus Entérico Caninc e 06/43

460

65



Archuves of Vetornmany Soene, v 17, (e ) RERSMO 747, 2012

{13.95%) para Clostridium Perfringens enterotoxina A. Naoc foram detectadas nas fezes
o virus da Cincmose Canina, Parvovirus Canino 2 (PC2) e Salmonella spp. e, 3043
{69.77%) das amostras controles foram negativas. Houve uma associagio entre a
presenga de entercpatégencs e o desenvolvimento de diarréia com valor de P=
0.000026. Os agentes de maior prevaléncia neste estude foram Parvovirus Caninc 2 &
Clostridium Perfringens, com valer de P = 0.000004 e P = 005703 respectivamente.

DISCUSSAO

Este estudo revelou uma alia incidénca destes patégenocs confribuindo para a
diarréia em caes e também alta prevaléncia de co-infecgbes quando comparado a um
estudo semelhante realizado com fezes diarréicas nos Estados Unidos que obteve
24.9% de co-infecgbes (LEUTENEGGER®). Diferentemente deste estude americanc,
onde ¢ Clostridium Perfnngens e o Coronavirus Entérico Canino foram os agentes mais
prevalentes, o Parvovirus Canino 2 foi o agente eticlégico de maior importadncia.

CONCLUSAO:

A utllizag2o da técnica de PCR em Tempe Real demonstrou ser uma excelente
ferramenta para identificagdo dos agentes eticlogicos de diarréias caninas, auxiliando o
clinico veterindrio no manejo e tratamento destes pacientes, bem come na escolha de
medidas profiaticas especialmente quando se trata de zoonoses.

AGRADECIMENTOS: Somos gratos aos Médicos Veterindrios do Hospital Veterinario
Clinivet, Curitiba, Brasi, pela preciosa assisténcia nc fornecimento de dados
epidemioldgicos e amostras de fezes.
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8.3 ABSTRACT ENVIADO PARA O 2nD BIENNIAL SYMPOSIUM OF ISCAID

PREVALENCE OF INFECTIOUS AGENTS CAUSING DIARRHEA IN DOGS FROM SOUTHERN

BRAZIL DETERMINED WITH A REAL-TIME PCR BASED PANEL

Aline B. Gizzi; Simone T. Oliveira; Christian Leutenegger; Marko Estrada; Denise

A. Kozemjakin; Rafael Stedile; Mary Marcondes; Alexander W. Biondo

From the Department of Veterinary Medicine, Federal University of Parana, Curitiba, PR, Brazil
(Gizzi, Oliveira, Biondo); the Department of Veterinary Pathobiology, University of lllinois, IL, USA
(Biondo); IDEXX Laboratories Inc., West Sacramento, CA, USA (Leutenegger, Estrada); Clinivet
Veterinary Hospital and Clinilab Laboratory of Animal Pathology, Curitiba, PR, Brazil (Gizzi, Kozemjakin);
the Department of Animal Medicine, Federal University of Rio Grande do Sul, RS, Brazil (Stedile); and the
Department of Clinics, Surgery and Animal Reproduction, College of Veterinary Medicine, Sdo Paulo

State University, Aracatuba, Sdo Paulo, Brazil (Marcondes).

Background - Canine infectious diarrhea has been considered a challenge due the pathogen
variety, nonspecific clinical signs and co-infections.

Objective - Use of real-time PCR diarrhea panel for survey of pathogen co-infection in a
population of diarrheic and control dogs of Southern Brazil.

Animals - A total of 104 diarrheic and 43 control dogs consecutively presented at a private
veterinary hospital from January to September, 2011.

Methods - Feces samples were submitted for DNA / RNA extraction. Diarrhea panel of real-time
PCR included molecular detection of Canine Distemper Virus (CDV), Canine Enteric Coronavirus
(CECoV), Canine Parvovirus 2 (CPV-2), Clostridium perfringens enterotoxin A gene (CPEA),
Cryptosporidium spp, Giardia spp and Salmonella spp.

Results — An overall 71/104 (68.3%) dogs with diarrhea were positive for at least one pathogen:
single infection in 39/71 (54.9%) and co-infection in 32/71 (45.1%), which represented 21/32 (65.6%) dogs
with dual, 5/32 (15.6%) with triple and 6/32 (18.8%) with quadruple infection. Control group presented
13/43 (30.2%) of positive dogs, all with single infection only. The most prevalent pathogens in diarrheic
dogs were CPEA with 40/104 (38.5%), Canine Parvovirus 2 with 36/104 (34.6%) and Giardia spp with
14/104 (13.5%) dogs. Among dual co-infection, Canine Parvovirus 2 was the most prevalent association

with CPEA, Cryptosporidium spp and Giardia spp, respectively.
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Conclusions - Diarrheic dogs showed a higher prevalence of pathogen infection than controls.
Whereas healthy dogs had single infections only, about half of diarrheic dogs presented with co-infections.

Therefore, investigation of multiple pathogens should be considered in dogs presenting diarrhea.
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8.4 RESUMOS APRESENTADO NO 35° CONGRESSO DA ANCLIVEPA

8.4.1 IMPORTANCIA DA NAO UTILIZAGAO DO COPROPARASITOLOGICO COMO
UNICA FERRAMENTA DIAGNOSTICA EM CAES COM DIARREIA

The importance of not using only the fecal parasitological as a tool diagnostic in
dogs with diarrhea

Aline Baumann Rocha GIZZI"?; Alexander Welker BIONDO"; Christian LEUTENEGGER?®; Mary
MARCONDES*; Rafael STEDILE®; David POWOLNY?®: Mariana Cordeiro de OLIVEIRA®: Karina Francini
BRAGA'; Simone Tostes OLIVEIRA".

1 Departamento de Medicina Veterinaria, Universidade Federal do Parand, Curitiba, Brasil —
alinebaumannrocha@yahoo.com.br
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4 Universidade Estadual Paulista, Aragatuba, Brasil.
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6 Cinivet Hospital Veterinario, Curitiba, Brasil.

Resumo

Foram analisadas 147 amostras de fezes de cées, sendo 104 diarreicas e 43 normais (controle).
As amostras foram submetidas a realizacdo de exame coproparasitolégico através da técnica de
flutuagado fecal para identificagdo de ovos de parasitas, larvas, cistos e oocistos. Adicionalmente foi
realizado um painel de PCR em tempo-real (QPCR) que incluiu a detec¢&o do virus da Cinomose Canina,
Coronavirus Entérico Canino, Parvovirus Canino 2, Clostridium perfringens enterotoxina A,
Cryptosporidium spp, Giardia sp. e Salmonella spp. Um total de 20/104 (19,2%) e 71/104 (68,3%) das
amostras fecais diarreicas e de 3/43 (7,0%) e 13/43 (30,2%) das amostras normais foi positivo para o
exame coproparasitologico e qPCR, respectivamente. Caes positivos para helmintos foram 1,7 vezes
mais propensos a ser positivo no painel de gqPCR. Considerando a qPCR como padréo-ouro, o

coproparasitologico apresentou apenas 31,2% de sensibilidade para a deteccéo de Giardia sp.

Palavras-chaves: céo, coinfecgdo, diagndstico, fezes, PCR em tempo real, verminose

69



Abstract
A total of 147 fecal samples of dogs including 104 diarrheal and 43 normal (control) were

analyzed. The samples were submitted to fecal parasitological using the fecal flotation technique for
identification of parasite eggs, larvae, cysts and oocysts. Additionally there was a panel of real-time PCR
(qPCR) which included the detection of Canine Distemper Virus, Canine Enteric Coronavirus, Canine
Parvovirus 2, Clostridium perfringens enterotoxin A, Cryptosporidium spp, Giardia sp. and Salmonella
spp. A total of 20/104 (19.2%) and 71/104 (68.3%) of the diarrheal fecal samples and 3/43 (7.0%) and
13/43 (30.2%) of normal samples were positive for the fecal parasitological technique and gPCR,
respectively. Dogs positive for helminths were 1.7 times more likely to be positive in the gPCR panel.
Considering the gPCR as the gold standard, the fecal parasitological showed only 31.2% sensitivity for the
detection of Giardia sp. The study shows the importance of using laboratory techniques such as qPCR
panels, able to detect multiple pathogens and fecal parasitological should not be used alone even in
cases of positive results.

Palavras-chaves: dog, coinfection, diagnosis, feces, real time PCR, worms

Introducgao

A diarreia infecciosa em caes pode ser causada por vermes intestinais, protozoarios,
virus ou bactérias. O exame coproparasitologico € uma técnica antiga e bastante difundida para deteccéo
de verminose, porém apresenta sensibilidade moderada, tanto em relagdo a detecgdo de protozoarios
quanto frente a baixa infecgdo parasitaria do paciente (DRYDEN et al., 2005). Além disso, a
utilizagdo de apenas esta técnica ndo é suficiente para detecgcdo de virus ou identificacdo de bactérias
patogénicas. Com a introdugdo das técnicas de deteccdo molecular e a disponibilidade de se testar
varios patdgenos através de PCR na rotina de pequenos animais, a possibilidade de identificagdo de

agentes dificilmente detectados através de outras técnicas torna a PCR uma ferramenta importante (LIU,

2008; MACKAY, 2004). O objetivo deste trabalho ¢ avaliar a relagéo entre a presenga de verminose

encontrada no coproparasitolégico e coinfecgbes causadas por virus, bactérias ou protozoarios,

detectados através de PCR em tempo real (QPCR) em cées.
Material e métodos

Foram analisadas 147 amostras de fezes de cées, sendo 104 diarreicas e 43 normais
(controle). O exame coproparasitolégico foi realizado utilizando a técnica de flutuagdo fecal com as
solugdes de sulfato de zinco e cloreto de soédio saturado; onde através de microscopia de luz foram
identificados ovos de parasitas, larvas, cistos e oocistos, de acordo com as suas caracteristicas
morfolégicas. As amostras foram submetidas a extracdo de DNA/RNA e subsequente qPCR (IDEXX
ReaIPCRTM), que incluiu um painel para detec¢cdo molecular do virus da Cinomose Canina (CDV),

Coronavirus Enterico Canino (CECoV), Parvovirus Canino 2 (CPV-2), Clostridium perfringens
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enterotoxina A (CPEA), Cryptosporidium spp, Giardia sp. e Salmonella spp. A andlise estatistica foi feita

através do Qui-quadrado ou Exato de Fischer, considerando-se P<0,005 como significativo.

Resultados e discussao

Um total de 20/104 (19,2%) das amostras fecais diarreicas foram positivas para o exame
coproparasitologico, sendo 12/104 (11,5%) com protozoarios (Giardia sp. e/ou Isospora spp.), 10/104
(9,6%) com helmintos (Ancylostoma sp. elou Toxocara sp.). No grupo controle 3/43 (7,0%) foram
positivas, sendo identificadas como Ancylostoma sp. No painel qPCR, 71/104 (68,3%) das amostras
diarreicas foram positivas para pelo menos um agente e 13/43 (30,2%) das amostras normais foram

positivas, todas com uma unica infecgao.

Das 13/147 (8,8%) amostras com presenga de helmintos (Ancylostoma sp. e/ou Toxocara sp.),
12/13 (92,3%) foram positivas para qPCR e das 134/147 (91,2%) negativas para helmintos, 71/134
(52,9%) foram positivas no qPCR. Cées positivos para helmintos foram 1,7 vezes mais propensos a ser
positivo no painel de qPCR realizado, sendo evidenciada uma associagao estatisticamente significativa
(P=0,006) entre infec¢des detectadas no qPCR e presenca de helmintos e, quando comparadas aquelas

com auséncia de helmintos.

Através do gPCR, foram identificadas 16/147 (10,9%) amostras positivas para Giardia sp., e
destas apenas 5 detectadas no coproparasitolégico. Considerando o qPCR como padrao-ouro para a
detecgdo do agente, o coproparasitolégico apresentou 31,2% de sensibilidade (IC 95% entre 12,1 e
58,5%). Em relagdo a Isospora sp., foram encontradas 7/147 (8,4%) amostras positivas através do
coproparasitologico. A inclusdo da Isospora sp. no qPCR de forma semelhante a Giardia sp. poderia

facilitar o diagndstico.

Conclusées
A maioria dos cdes com presenga de helmintos (Ancylostoma sp. e/ou Toxocara sp.) nas
fezes apresentam coinfeccdo que sdo detectadas no qPCR. O coproparasitolégico apresenta baixa
sensibilidade na detecc¢ao de Giardia quando comparado com o PCR em tempo real.
O estudo mostra a importancia do uso de técnicas laboratoriais como painéis de qPCR,
capazes de detectar multiplos patégenos, ndo devendo o coproparasitoldgico ser utilizado isoladamente,

mesmo nos casos de resultados positivos.
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8.4.2 AGENTES INFECCIOSOS CAUSADORES DE DIARREIA E SUA
ASSOCIAGAO COM IDADE EM CAES
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Resumo
Um total de 104 amostras de fezes diarreicas de caes foram submetidas a realizagao de

um painel de PCR em tempo-real que incluiu a detecgdo do virus da Cinomose Canina, o Coronavirus
Entérico Canino (CEC), o Parvovirus Canino 2 (PC2), Clostridium perfringens enterotoxina A (CPEA),
Cryptosporidium spp., Salmonella spp. e Giardia spp. Dentre as amostras analisadas, 43/104 foram
provenientes de animais de 0 a 1 ano de idade, 36/104 de 1 a 8 anos de idade e 25/104 acima de 8 anos
de idade. Observou-se diferenca estatistica entre os grupos de idade para os agentes PC2, Giardia spp.
e CEC, sendo mais prevalente nos caes entre 0-1 ano de idade. Houve diferenga altamente significativa
entre faixa etaria e animais com coinfec¢do (P<0,0001), sendo esta mais prevalente em animais de 0-1
ano. Em conclusdo, a presenga de patdgenos infecciosos foi detectada em cées diarreicos para todas as
faixas etarias estudadas, destacando a importancia da investigagdo destes patdégenos independente da
idade do cdo.

Palavras-chaves: enterite, faixa etaria, PCR em tempo real, coinfecgao, cao

Abstract

A real-time PCR (qPCR) panel was performed in 104 diarrheic faeces samples of dogs.

The panel included the detection of Canine Distemper Virus, Canine Enteric Coronavirus (CEC), Canine
Parvovirus 2 (CP2), Clostridium perfringens enterotoxin A gene (CPEA), Cryptosporidium spp, Giardia spp
and Salmonella spp. Among the samples, 43/104 were from 0-1 year-old dogs, 36/104 from 1-8 years-old
dogs and 25/104 from dogs over 8 years-old. Statistical difference was observed between age and the
pathogens CP2, Giardia spp. and CEC, being more prevalent among the 0-1 year-old dogs. There was a
high significant difference between age and coinfection (P<0,0001), being more prevalent among the 0-1
year-old dogs. In conclusion, the presence of infectious pathogens was detected in diarrheic dogs of all
ages, highlighting the importance of investigating these pathogens regardless of the age of the dog.

Keyword: enteritis, age, real time PCR, coinfection, dog
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Introducgao

A diarreia € um problema comum na rotina clinica dos veterinarios de animais de companhia. A
diarreia infecciosa apresenta uma grande variedade de patdgenos, e pode apresentar presenca
concomitante de coinfecgbes (SIMPSON, 2004; VILLIERS & BLACKWOOD, 2005), sendo estas muitas
vezes ndo diagnosticadas. Tratamentos sintomaticos e dietas sao frequentemente estabelecidos sem se
obter um diagnostico definitivo, aumentando a possibilidade de falha terapéutica, persisténcia dos sinais
clinicos e insatisfagédo do cliente.

Técnicas tradicionais para diagnéstico laboratorial destes patégenos, como por exemplo, a
cultura fecal, apresentam baixa sensibilidade (LIU, 2008). A utilizacdo de painéis de PCR em tempo real
(qPCR) para céaes e gatos com diarreia confere uma nova perspectiva na detecgéo rapida e sensivel de
genes de toxinas e agentes infecciosos (VILLIERS & BLACKWOOD, 2005). O presente estudo teve
como objetivo avaliar a relagédo entre idade, infecgdes e coinfecgdes, detectadas através de gPCR em
cées com diarreia.

Material e métodos

Foram analisadas 104 amostras de fezes de cées com diarreia. Apos extragdo de DNA/RNA, foi
realizado painel de diarreia através de gPCR (IDEXX RealPCR™), que incluiu a deteccdo do virus da
Cinomose canina, Coronavirus Entérico Canino (CEC), Parvovirus Canino 2 (PC2), Clostridium
perfringens enterotoxina A (CPEA), Cryptosporidium spp., Giardia spp. € Salmonella spp. Os caes foram
divididos nas seguintes faixas etarias: 0-1 ano, 1-8 anos e acima de 8 anos. A avaliagéo entre idade dos
animais e presencga dos patdgenos foi feita através do teste G, considerando estatisticamente significativo
P<0,05.

Resultados e discusséo

Dos 104 caes com diarreia, 71 (68,3%) foram positivos para pelo menos um agente etiolégico. A
prevaléncia de infecgbes por um unico agente foi de 38/71 (53,5%), sendo que 33/71 (46,5%)
apresentaram mais de um enteropatdgeno nas fezes. Destas amostras, 9/104 (8,7%) foram positivas
para o virus da Cinomose Canina, 12/104 (11,5%) para CEC, 36/104 (34,6%) para PC2, 40/104 (38,5%)
para CPEA, 8/104 (7,7%) para Cryptosporidium spp., 1/104 (1,0%) para Salmonella spp. e 14/104
(13,5%) para Giardia spp. A maioria das coinfe¢bes identificadas era a associagéo entre virus e bactéria
(36,4%), virus e protozoario (21,2%), ou a associagéo entre estes trés agentes (21,2%). Associagéo entre
virus e virus (15,2%) e entre bactéria e protozoario (6,1%) ocorreram em menor proporgéao

Dentre as amostras analisadas, 43/104 foram provenientes de animais de 0 a 1 ano de idade,
36/104 de 1 a 8 anos de idade e 25/104 acima de 8 anos de idade. Resultados positivos foram observado
em 39/43 (90,7%) amostras de animais de 0 a 1 ano, 20/36 (55,5%) de 1 a 8 anos e em 12/25 (48,0%)
acima de 8 anos. Observou-se diferenca estatistica entre os grupos de idade para os agentes PC2,
Giardia spp. e CEC (P= < 0,0001, 0,01 e 0,02, respectivamente), sendo mais prevalente nos cides com

faixa etaria de 0 a 1 ano. Um dado observado em relagdo ao PC2 foi que 4/35 (11,43%) dos animais de 1
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a 8 anos e 3/26 (11,54%) dos animais acima de 8 anos também tiveram resultados positivos, apesar do
PC2 ser considerado primariamente uma doenca de filhotes. Salmonelose foi detectada apenas em um
cao, sendo este com mais de 8 anos de idade; e CEC e cinomose nao foram detectados em cédes com
mais de 8 anos. Como na cinomose em caes idosos prevalece a sintomatologia nervosa, sem diarreia,
isto poderia explicar a auséncia deste patégeno nos cées idosos deste estudo. Em animais entre 0-1 ano
de idade, 25/43( 58,1%) apresentaram coinfegbes com 2 ou mais agentes. Em relagcdo a associagéo
entre idade e coinfec¢do, houve diferenga significativa (P=0,0026) na a associagéo virus e protozoario,
sendo os caes entre 0-1 ano mais acometidos. Ndo houve diferenca estatistica entre as outras
coinfecgdes e faixa etaria.

Conclusao

As coinfecgbes foram mais prevalentes em animais mais jovens, entre 0-1 ano de idade. A
presenca de patdgenos infecciosos foi detectada em cées diarreicos para todas as faixas etarias
estudadas, destacando-se a importancia da investigacdo destes patdgenos, independente da idade do
céo.
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Abstract

Background: Infectious ciarrhea can be causec by bacteria, viruses, or protozoan organisms, or a combination

of these. The icentification of co-infections in cogs is important to determine the prognosis and to plan strategies
for their treatment and prophylaxis. Althocugh many pathogens have been incividually detected with real-time
polymerase chain reaction (PCR), a comprehensive panel of agents that cause diarrhea in privately owned cogs
has not yet been established. The objective of this study was to use a real-time PCR ciarrhea panel to survey the
frequencies of pathegens anc co-infections in owned cogs attenced in a veterinary hospital with and without
diarrhea, as well the frequency in different countries. Feces samples were tested for canine distemper virus,
canine coronavirus, canine parvovirus type 2 (CPV-2), Clostridium perfringens alpha toxin (CPA), Cryptosporidium
spp., Giardia spp, and Salmonelia spp. using molecular technigues.

Results: In total, 104 diarrheic and 43 control cogs that were presented consecutively at @ major private
veterinary hospital were incluced in the study. Overall, 04 (68.3%) cogs with ciarrhea were positive for at
east one pathogen: a single infection in 39/71 cogs (54.99) anc co ons in 32/71 dogs (45.1%), including
21/32 dogs (65.6%) with dual, 5/32 (15.6%) with triple, anc 6/32 (18.8%) with guacruple infections. In the control
group, 13/43 (30.29%) degs were positive, all with single infections only. The most prevalent pathogens in the diarrheic
dogs were CPA (40/104 cogs, 38.5%), CPV-2 (36/104 dogs, 34.6%), and Giardia spp. (14/104 dogs, 13.5%). CPV-2
was the most prevalent pathogen in the dual co-infections, associated with CPA, Cryptosporidium spp., or Giardia
spp. No statistical difference (P = 0.8374) was observed in the duration of diarrhea or the number of deaths (P = 05722)
n the presence or absence of single or co-infections.

Conclusions: Diarrheic cogs showea a higher prevalence of pathogen infections than the controls. Whereas

the healthy dogs hac only single infections, about half the diarrheic dogs had co-infections. Therefore, multiple
pathogens shoula be investigatec in cogs presenting with diarrhea. The effects of multiple pathogens on the
disease cutcomes remain unclear because the rate of ceath and the curation of diarrhea cid not seem to be
affected by these factors.

Keywords: Canine, Co-infection, Diarrhea, Panel, Real-time PCR
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Background

Canine Infectious diarrhea has been considered a chal-
lenge for veterinarians because of its pathogenic variability
and the concurrent presence of viral, bacterial, and proto-
zoan co-infections [1,2]. Whereas some pathogens remain
on the mucosal surface and produce potent enterotoxins
that can disrupt the fluid flux, others penetrate and repli-
cate within intact epithelial cells, producing inflammatory
damage and/or destroying the host cells, which are over-
lapping pathological processes [3]. However, many dogs
harbor potential pathogens without any clinical signs, so
the cause—effect relationships are far from clear.

Molecular tools have been used for the identification
and diagnosis of Infectious diseases, in addition to conven-
tional culture techniques and antibody-based tools [4,5].
Among these molecular approaches, the use of real-time
polymerase chain reaction (PCR) has greatly improved
the sensitivity and sensibllity of standard PCR assays of
pathogens in canine fecal samples [6].

Therefore, although a number of pathogens have been
individually detected with real-time PCR, Including
Salmonella spp. [6] and pathogenic Escherichia coll strains
[7], a comprehensive panel of potentially diarrhea-causing
pathogens in owned dogs is yet to be established. There-
fore, the aim of this study was to investigate pathogenic
co-infections in populations of diarrheic and control
owned dogs using a real-time PCR analysis of a panel
of diarrhea-causing agents.

Results

Real-time PCR

Potential enteropathogens were identified in 71/104 (68.3%)
diarrheic samples in the present study, most of which
contained multiples pathogens. Single infections were
observed In 39/71 (54.9%) positive samples and co-
infection In 32/71 (45.1%) possible samples. Dual, triple,
and quadruple infections were observed among the co-
infections (Table 1). The most prevalent agent involved
in co-infections was canine parvovirus type 2 (CPV-2),
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CPV-2 were associated with others agents, most com-
monly with Clostridium perfringens alpha toxin (CPA),
Cryptosporidium spp., and Giardia spp. Although 13/43
(30.2%) of the feces samples from the control dogs were
positive for the panel of diarrhea-causing pathogens, no
co-infection was observed in any of these samples.

Of the 71/104 (68.3%) dogs with diarrhea and positive
results, 26.8%, 28.2%, and 4.2% had pure viral, bactertal,
and protozoan infections, respectively, whereas 7.0%, 14.0%,
and 93% of samples from the control dogs were positive
for viral, bacterial, and protozoan Infections, respectively.
The assoclation of viral and bacterial infections was the
most prevalent type of co-infection in the diarrheic
group (37.5%), with CPV-2 and canine coronavirus (CCoV)
constituting 75.0% of this type of co-infection. Viral
and protozoan co-infections accounted for 25.0% of these
assoclations, bacterial and protozoan for 6.2%, and viral,
bacterial, and protozoan co-Infections for 21.9% (Table 2).

A significant assoctation was found between dogs with
diarrhea and positive results on the real-time PCR diar-
rhea panel compared with the control dogs with normal
feces (P < 0.001).

The detection of individual pathogens in the panel
with real-time PCR (Table 3) showed that CPA was the
most prevalent pathogen In the fecal samples, Infecting
40/104 (38.5%) diarrheic dogs and 6/43 (14.0%) control
dogs, and the difference between the groups was highly
statistically significant (P =0.006). Despite this, it was
necessary to quantify CPA to consider its probable role.
When the pre-established cutoff of > 300,000 coples/g of
feces was applied [8], a significant difference (P = 0.0025)
between the control group (4/43, 9.3%) and the diarrheic
group (37/104, 35.6%) was observed. CPV-2 was the second
most prevalent pathogen, found in 36/104 (34.6%) diarrhelc
dogs and 0/43 (none) control dogs, and also showed a
highly significant difference between the groups (P < 0.001).

Table 2 Virus, bacteria and protozoan association in

and 21/36 (58.3%) of the diarrheic samples positive for  gjarrheic and control feces of dogs
Dags Srazil

Table 1 Prevalence of single or co-infection in diarrheic Pure infection Pvalue  Control Diarrheic
and control feces using a real-time PCR panel 143) n (%) [104] n (%)

Dogs P value Viral Q01306 M43 700 1971 (268
Infection Control (43] n (%) Diarrheic (104) n (%] Bacrenal Q10720 &43 (140 271 (28.2)
Negative 343 (698 33/104 31.7) < Q0002 Protoacan Q42284 4743 (9.3 742
Positive 13/43 (302 717104 (683} < Q0002 Co-infection
Sngle 13713 (100) 3WT (545 0004 Viral and vira Nore
Co-infecton None 32/71 (45.7) 0004 Viral and acterial Nore
Dual None 21732 (65.6) —— Vil and prorczoan Nore
Trighe None 532 (156) ————  B3Crenial and proto20an Nore
Quagdruple None &32 (188) _ Viral bactenia and pootoaoan Nore
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Table 3 Individual infectious agents in the real-time PCR canine diarrhea panel of dogs from Southern Brazil

(Diarrheic degs) (Control dogs)

Pat n No. post No. itve

hoge (:"::::l o 95% CI '[’:: o = 95% O —
Overall rate* 71{683) 583- 769 13 302} 1767 - 463 < 0001
Canine distemper virus** S 43162 o 0-102 Qose
Canine parvovirus type 2* 35 (3e0) 257 - 447 o 0-102 Q00
Saimonello spp. 1 (1) Q05 - a0 o 0-102 1
Cryptosporidium spp. 8§77 16-150 240 08-121 ara
Glardia spp. 14 {135} 78-219 247 0B - 171 Qais:
Canine coronavirus 12{11.5) 64 -197 im 15 201 0554
C. perfringens alpha toxin gene* 20 {385) 252 - 485 614 58-285 Q.06

*Significantdy (P < 0.05) diMerent between Diarthea Group and Contrad Group,
**Sigrificantly (P < 01) cifferent between Diarrhes Group and Comteal Group

Although 9/104 (8.7%) diarrhelc dogs were positive for
canine distemper virus (CDV), the difference between the
diarrheic and control dogs was not significant (P = 0.059).
Stmilarly, 12/104 (11.5%) diarrheic and 3/43 (7.0%) control
dogs were positive for CCoV, and these rates were not
significantly different (P = 0.554).

Only 1/104 (1.0%) and 8/104 (7.7%) diarrheic dogs were
positive for Salmonella spp. and Cryptosporidium spp.,
respectively. In the control group only 2/43 (£.7%) were
positive for Cryptosporidium spp., and the two groups did
not differ significantly (P =0.724). Although Giardia spp.
were detected In 14/104 (13.5%) dlarrheic dogs and 2/43
(4.7%) control dogs, the difference was not significant
(P =0.151).

Diarrhea in relation to age

Among the diarrhelc samples, 43/104 were from 0-1-
year-old dogs, 36/104 from 1-8-year-old dogs, and 25/
104 from dogs > 8 years old. The PCR results were posi-
tive in 39/43 (9%0.7%) samples from animals 0-1 years old,
in 20/36 (55.5%) samples from those 1-8 years old, and
12/25 (48.0%) samples from those > 8 years old. A sig-
nificant assoclation was observed between dog age and
the pathogens CPV-2 (P < 0.0001), Giardia spp. (P =0.01),
and CCoV (P =0.02), which were most prevalent among
the O-1-year-old dogs. Although CPV-2 Is considered to
be primarily a disease of puppies, it also occurred in 4/36
(11.1%) animals aged 1-8 years and in 3/25 (12.0%) dogs
aged > 8 years. Only 13/36 (36.1%) of the positive animals
for CPV-2 had no history of vaccination, in which 1/4
(25%) and 1/3 (33.3%) were adults with 1-8 years and 8
years respectively. Detalls of dates and brands of the
vaccines were not obtained. There was a highly significant
association between age and co-infection (P < 0.0001), which
was more prevalent among the 0-1-year-old dogs, of
which 25/43 (58.1%) had co-Infections with two or more
pathogens. Co-infection occurred less often in the other
age groups, occurring in 5/36 (13.8%) dogs in the 1-8-

year-old group and 3/25 (12%) dogs>8 years old. A
significantly higher prevalence (P=0.0026) of viral and
protozoan assockations was observed in the O-1-year-old
diarrheic dogs than in the other age groups. However, no
significant assoclations between the other co-infections
and age were observed.

Diarrhea duration in relation to number of pathogens

No significant association (P =0.8374) was observed be-
tween the duration of diarrhea and the presence of single
or co-infections.

Diarrhea in relation to death

The presence of co-infection did not Increase the number
of deaths (P =0.5722) more than the presence of a single
infection.

Diarrhea in relation to clinical suspicion

In this study, even when diarrhea lasted for more than
10 days, an infectious disease was still clinically suspected
(P =0.6608).

Diarrhea in relation to the use of antibiotics

During the period from sample collection to the generation
of results for the diarrhea panel analysis (approximately five
days), 40/104 (38.5%) dogs received emplrical treatment
with combinations of two to four antiblotics. In total, 40/71
(56.34%) diarrheic dogs with positive PCR results were
treated with antiblotics that were, according to the litera-
ture, inappropriate for the pathogens ultimately identified.

Parasitological diagnosis
In total, 20/104 (19.2%) and 3/43 (7.0%) fecal samples

from dlarrheic and control dogs, respectively, were posi-
tive on parasitological tests. The most prevalent intestinal
parasites found In the diarrheic samples were protozoa
(Giardia spp. and/or Issspora spp.), which affected 12/104
(11.5%) dogs, and helminths (Ancylostoma sp. and/or
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Toxocara sp.), which affected 10/104 (9.6%) dogs. All the
parasites found in the three positive control samples were
identified as Ancylostoma sp. When all the samples from
diarrheic and control dogs were considered, 22/23 (95.7%)
positive fecal samples and 61/124 (49.2%) negative fecal
samples on parasitological tests were also positive on the
real-time PCR diarrhea panel.

Of the 13/147 (8.8%) samples positive for helminths
(Ancylostoma sp. and/or Toxocara sp.), 12/13 (92.3%) were
also positive on the real-time PCR. Among the 134/147
(91.2%) samples negative for helminths, 71/134 (52.9%)
were positive on the real-time PCR. Dogs positive for
helminths were 1.7 times more likely to be positive on
the real-time PCR diarrhea panel, which indicates a sta-
tstically significant assoclation (P = 0.006) between the
infections detected with real-time PCR and the presence
of helminths.

Of the 16/147 (10.9%) samples shown to be positive
for Giardia spp. with real-time PCR, only five were
positive on the parasitological tests. Considering that
real-time PCR is the gold standard for the detection of
pathogenic agents, the parasitological test showed 31.2%
sensitivity (95% confidence interval, 12.1%-58.5%).
Isospora spp. were found In 7/147 (8.4%) samples with
the parasitological test, and all of these samples were
also positive for the agents detected with real-time
PCR, suggesting that [sospora spp. are usually involved
in co-infections.

Results between countries

The prevalence of diarrhelc dogs observed in the Brazilian
samples (68.3%) was simlilar to that observed in the United
States (54.5%), Australia (584%), Canada (52.0%), United
Kingdom (51.7%), and Japan (49.6%), as shown in Table 4.
The rate of co-infection observed in Brazillan dlarrheic
dogs (45.1%) was also higher than those in the other
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countries tested (Table 4) and a significant difference
was observed between United States (P <0.0001),
Australia (P =0.01) and Canada (P = 0.04).

Discussion

A high prevalence (68.3%) of diarrhelc dogs, shown to
harbor at least one pathogen by real-time PCR, was
observed in the Brazilian samples, which exceeded those
in the United States (525%), Australia (58.4%), Canada
(52.0%), United Kingdom (51.7%), and Japan (49.6%), as
shown in Table 4. The rate of co-infection observed here
in diarrheic dogs (45.1%) was also higher than those in the
other countries tested. Despite the higher prevalence of
enteropathogens and co-infections in Brazil, the rates in
the other countries are also relevant, indicating that Infec-
tious dlarrhea may be a global phenomenon rather than
a phenomenon specific to a particular country. Because
all dogs with co-infections belonged to the diarrheic group
and co-infections were observed In all age categories, this
study highlights the importance of investigating multi-
pathogen co-infections, especially in dogs aged 0-1 years,
in which the rate of co-infection was 4-fold higher than
in the other age groups.

Many enteric viruses, bacterial pathogens, and parasites
probably contribute to disease both individually and in
combination [9], and together, co-infecting pathogens
may cause more severe diarrhea than infections with
each pathogen alone [10]. The pathogens involved in a
co-infection can interact synergistically, for example via
the host’s immune system, with the presence of one
enhancing the abundance and/or virulence of the other,
resulting in even greater pathogenesis and a greater
contribution to the overall disease burden [11,12]. There-
fore, Interspecific pathogen interactions can alter the
pathogen dynamics, host health, and the success of
control strategies [13,14].

Table 4 Canine diarrhea panel from diarrheic dogs of Brazil, United States, Australia Canada, UK and Japan

Infectious agent Brazil us Australia Canada UK Japan
Prevalence
Canire distemper vinus 87% 4% 23%* 16%% 25% 10%
Samanels spp 10% 2.2% 45% 5056 00% 3.0
Canine panvonins type 2 4 6% 1G5 65%° 80% 35.1% 0%
Cryprospandium sop. 7.7% 54% 40% 14.0% AT 9.0%
Gloasdio sop 135% 105% 108% 140% 202% 10056
Canine corenanins 11.5% 139% 5% 11.0% 16.9% 260%
C pertangens 3 pna 1000 385% 62% 456% 46.0% 51.2%° 21.0%%*
Querall infection rate 683% 54.5%" 584% S20w** S17%* L96%
Coinfection rate 45.1% 249% 31.3%° 0% 415% 353%
Sampies indluded n=104 n=7829 n=526 n= 2855 n=5674 n=486

*Significantly (P < 0.05),
S*Sigrificantly (P < 0.01).
***Significantly (P < 0C01)
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In this study, co-infection did not Increase the duration
of diarrhea and there was no significant difference in the
number of deaths in animals with or without co-infections.
Because there was no reliable correlation between the
interaction of enteropathogens in co-infections in this
study, the cause—effect relationship between the presence
of an organism and the occurrence of diarrhea is still
unclear. Opportunistic or commensal organisms may
be identified from an imbalance in the intestinal flora
or dysblosis, and not all the co-infecting agents present
must be treated to produce a good outcome. However,
because all the infectious agents evaluated here have
been described as causing diarrhea in experimental
studies, knowledge of their presence allows treatments
and prevention strategies to be planned. In this study,
even when diarrhea persisted for more than 10 days, the
infectious diseases were stll present in the differential
diagnosis. Empirical treatments and the use of several
antiblotics are common in routine veterinary practice and
the use of 2 panel to detect multiples pathogens prevents
the incorrect or excessive use of antimicrobial drugs,
which could cause resistance. Furthermore, some of
these pathogens are potential zoonotic agents, Including
hookworms, Giardla spp., Cryptosporidium spp., and Sal-
monella spp., and the ldentification of these organisms
can reduce the risk of thelr transmission to humans and
others animals.

Although this study focused on client-owned dogs, dogs
received in animal shelters are also expected to carry
pathogen co-infections, including zoonotic agents [15].
Howevey, differences have been observed in the prevalence
of each agent, especially in terms of the co-infection rates,
and dogs from shelters with diarrhea showed a higher
prevalence of co-infection (96.0%) [15] than was observed
in this study (45.1%). That heterogeneous dog population
had a higher rate of crowding, and the dogs may have
been immunocompromised for clinical, nutritional, and/or
psychological reasons, exposed to more environmental
pathogens, and sometimes with inadequate health care, so
their high co-infection rate cannot be compared validly
with that of owned dogs in households.

The highest rate of co-infection in this study involved
the assoclation of viral and bacterial agents, in contrast
to the highest co-infection in dogs in the United States,
which was caused by viruses and protozoans. The high-
est co-infection rates were for CPV-2 and CPA, observed
in 9/12 (750%) samples from dogs in Brazll, and for
CCoV and Giardia spp., which occurred together in 35.4%
of dogs from the United States. These co-infections
may have clinical effects and may require more-intensive
efforts to ensure the appropriate treatments to eliminate
specific pathogens and to correct electrolyte, acid-base,
and nutritional disturbances, potential sepsis, and other
metabolic consequences [16].
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The alpha toxin gene is present in all strains of Clos-
tridium perfringens and may be found in asymptomatic
dogs as part of the normal intestinal microflora [17], as
in 14% of the control dogs in the present study. Data
from some studies indicate that conventional PCR that
targets only CPA will almost always be positive and of
virtually no clinical use [17]. However, a recent study
demonstrated that the quantification of CPA may be used
as a diagnostic marker for assoclation of the agent in
patients with dlarrhea [8]. Using the same methodology
and cutoff value as a previous study [8], we observed a
significant difference between the control group (4/43,
9.3%) and In the diarrhelc group (37/104, 356%; P=
0.0025) in the proportion of animals paositive for > 300,000
coples of CPA. The higher amount of CPA in the diarrheic
dogs than in the control dogs suggests that the high
concentrations of toxins produced by this organism exert
a pathogenic effect on the gastrointestinal tract. In the
present study, diarrheic dogs co-infected with CPA had
3-fold more coples than those that were Infected with only
CPA. We hypothesize that in these cases, C. perfringens
overgrowth in the bacterial flora increases the toxin
expressed, which contributes to the dog’s diarrhea.

All the control dogs were negative for CPV-2, which
was strongly assoctated with diarrhea (P = 0.000004), with
an overall occurrence of 36/104 (34.6%) In the diarrhelc
dogs. The same prevalence (18/51, 34.6%) was observed in
a study also conducted in Brazil but performed only with
pupples up to 6 months old [18] and corroborated with
previous surveys, which reported rates varying from 16%
[19] to 58% [20]. Although CPV-2 has been considered to
be primarily disease of pupples, the present study has
shown the importance of also Investigating adult dogs for
CPV-2, since occurred in 11.1% of 1-8 year old dogs and
in 12.0% of dogs older than 8 years. The CPV-2 was most
prevalent agent involved In co-Infections in this study, in
which 58.3% of the diarrheic samples positive for CPV-2
were assoclated with others agents, contrasting with
only 3.8% CPV-2 co-infection observed in the study
with pupples [18]. This variability may be related to the
geographic reglons examined, the populations studled,
agents investigated and the diagnostic techniques used
[20]. Although the date of live-modified vaccination was
not the focus of this study, the CPV-2 cutoff value used
was able to differentiate vaccine strains from wild-type
infections. Despite the use of vaccination, the CPV-2
was still spread among the dogs as observed In this study,
in which only 13/36 (36.1%) of the positive animals for
CPV-2 had no history of vaccination. Still remains unclear
whether type-2 vaccines can provide protection against
the new variants of the CPV, but a recent study observed
that the cases of vaccine fallure are most likely not associ-
ated to the mutations detected in the sequenced regions
[21]. Thus, further studies should elucidate whether local
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parvovirus stralns are effectively controlled by the currently
available vaccines and which factors may be assoclated
with the vaccination efficacy. CPV-2 was the most preva-
lent agent assoclated with dual co-infections in the present
study, which may be attributable to highly contaminated
environments or low dog immunity [22].

Although the detection rate of CCoV was higher in
the diarrheic dogs (11.54%) than in the control dogs
(6.98%), the lack of a statistically significant difference
in these rates may indicate a secondary role for CCoV
as an intestinal pathogen in dogs. Although the shedding
of CPV-2 seemed to be assoclated with clinical signs of
gastroenteritis, CCoV was also detected in healthy dogs,
as previously reported [19]. Although CCoV infections are
characterized by high morbidity and low mortality, with
typically mild enteritis in dogs [23,24], 11/12 (91.7%)
diarrheic dogs with CCoV were co-infected with other
enteric pathogens, which may have aggravated their
clinical signs and even caused higher mortality, as re-
ported earlier for CPV-2 [25], canine adenovirus type
1 [26], and CDV [27]. CDV tended to be significantly
higher in the diarrheic dogs than in the control dogs;
although not significant, the P value was very close to
the limit of significance (P = 0.059).

Whereas some enteropathogens, such as Salmonella
spp., Cryplosporidium spp., and Giardia spp., showed
similar prevalences in the various countries tested (Table 4),
CDV and CPV-2 were approximately 4-fold more prevalent
in Brazil, Indicating that the higher incidence of viral
diseases may be related to differences in strain patho-
genicity, vaccination status, and environmental factors.

Although the CPV-2 strain and vaccine status/response
may play important roles in viral Infection and host im-
munity, further studles are required to fully understand
this specific pattern of CPV-2 infections in Brazil.

Although intestinal parasites contribute to diarrhea,
95.7% of positive and 49.2% negative samples on the
parasitological tests were also positive on the real-time
PCR diarrhea panel, indicating that fecal parasito-
logical tests alone should not be used as a single diag-
nostic tool.

Conclusions

To the best of our knowledge, this is the first real-time
PCR-based analysis of a panel of diarthea-causing patho-
gens performed in Brazil. Our results indicate that dogs
with diarrhea show a relatively high prevalence of patho-
genle infections, highlighting the importance of inves-
tigating infectious pathogens in dogs with diarrhea.
Whereas asymptomatic dogs had single infections only,
approximately half the diarrheic dogs presented with
co-infections, emphasizing the importance of the simul-
taneous investigation of multiple pathogens in Individual
samples. The most prevalent pathogens in diarrhelc
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dogs in Brazil were C. perfringens alpha toxin, CPV-2, and
Giardia spp. Among the dual co-infections observed,
CPV-2 was most commonly assoclated with C. perfringens
alpha toxin, Cryptasporidium spp., and Giardia spp.

In this study, co-infection did not increase the dur-
ation of diarrhea or Increase the risk of death. However,
considering that all the infectious agents examined have
been described as causing diarrhea In experimental stud-
ies, knowledge of thelr presence should allow us to plan
treatments and prevention strategies. The effects of mul-
tiple pathogens on the disease outcomes remain unclear,
because neither the death rate nor the duration of diarrhea
seemed to be affected by these factors.

Methods

Study population

A total of 147 (104 diarrhelc and 43 asymptomatic) dogs
consecutively presented by owners to the largest private
veterinary hospital of Curitiba City, Southern Brazil, were
included in the study for the realization of the real-time
PCR diarrhea panel, parasitological diagnosis and clinical
data collection.

Fresh fecal samples were collected from all 147 Brazilian
dogs, placed in plastic vials, and kept refrigerated at 4°C
untdl processing. At sampling, the fecal specimens were
scored according to a five-polnt fecal scoring system for
dogs, as previously described [28]: 1, liquid or watery feces
with no form; 2, very soft, unformed feces; 3, very soft,
moderately formed feces; 4, firm, well-shaped and cylin-
drical feces. Diarrheic dog feces induded those with scores
from 1 to 3, whereas the control dogs had no history of
gastrointestinal disorders (vomiting, diarrhea, or anorexia)
and fecal samples with a score of 4.

Additionally, results from 12,370 commercial samples
using the same real-time PCR diarrhea panel performed
in the Brazilian samples were obtained from samples
originated from United States (7829), Australia (526),
Canada (2855), United Kingdom (674) and Japan (486).
The real-time PCR results for samples collected in differ-
ent countries (Table 4) were obtained either by shipping
the samples to the United States for commercial real-
time PCR analysis (samples from Brazil, United States,
Australia, United Kingdom, and Japan) or by allowing
the diagnostic samples to be analyzed with the same
real-time PCR procedure by the same service provider in
the country of origin (Canada). Nuclelc add guantities,
stability, and quality were assessed using internal sample
controls when the samples were shipped to the United
States for real-time PCR analysis.

The study was approved by the Ethics Committee in
Animal Experimentation and Animal Welfare of the
Federal University of Parana Curitiba Campus, Parand
State, Southern Brazil (protocol number 036/2011).
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Clinical outcomes

The diarrhelc dogs were evaluated for the duration of
diarrhea and death in relation to the presence of single
or co-infections. Was also evaluated whether the clinical
suspiclon of assoclation with infectious agents was related
to the duration of diarrhea (< 10 days, 10 days to 2 months,
and >2 months) and whether the correct antiblotics were
used (for empirical treatment after sample collection
but before the results were obtained) based on the patho-
gen ultimately detected.

Real-time PCR

Total nucleic acids were extracted with standard protocols
using a commercial platform (Corbett XTractor-Gene,
Qiagen, Valencla, CA, USA). A housekeeping gene (185
rRNA) was used to determine the amounts of genomic
DNA and cDNA after reverse transcription and to confirm
DNA integrity.

The PCR tests were based on the IDEXX proprietary
RealPCR™ service platform (IDEXX Laboratories, Inc.,
Westbrook, ME, USA). Briefly, conserved nucleotide
reglons were selected and two primers and a hydrolysis
probe were designed to hybridize to them, using com-
merclal software (PrimerExpress Version 3.0, Applied
Blosystems, Foster City, CA, USA). An additional two
primers flanking the fragment amplified in the real-time
PCR assay were designed for sequence verification purposes.
Fecal samples were tested by hydrolysis probe-based real-
time PCR assay for a panel of potential enteropathogens,
including CDV (phosphoprotein G, GenBank acccession
number AY649446.1), CCoV (M gene, Type [, AF502583;
typ ell D13096), CPV-2 (VP2, U22139), CPA (alpha toxin,
L43545), Cryptosporidium spp. (sstRNA, A093489), Giardia
spp. (sstRNA, DQ836339), and Salmonella spp. (invasion A
gene, EU348366) at a reference laboratory within 5 days
after collection. CPA was guantified using a pre-established
cutoff of > 300,000 coples/g of feces [8]. For CPV-2 a cutoff
value was used to discriminate vaccine strains from wild-
type infections (1.2 milion CPV-2 gene equivalents per
gram of stool). Real-time PCR was performed with standard
primer and probe concentrations using a commercially
available mastermix (LC480 ProbesMaster, Roche Applied
Science, Indianapolis, IN, USA) on a commercially available
real-time PCR platform (Roche LightCycler 480).

Analytical and dinical validation

Real-time PCRs were validated analytically and clinically.
For the analytical validation, each assay was required to
meet six validation criterta: amplification effictency, linear-
ity, intra-run reproducibility, inter-run reproducibility, =
value, and signal-to-noise ratio of the fluorescent signal
using a specific synthetic positive control. Each assay had
an analytical sensitivity of 10 molecules and an amplifica-
tion efficiency between 95% and 100%. Clinical samples
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were selected based on a reference method for each test
and a correlation study was performed. The analytical
specificity of all real-time PCR tests was confirmed by
resequencing the clinical sample material using additional
primer palrs positioned outside the synthetic positive
control. Diagnostic sensitivity and specificity based on
comparisons with reference testing methods were in the
high 90% for each real-time PCR test. Gold standard
tests included the immunofluorescence antibody assay
for CDV, enzyme-linked immunosorbent assay for CPV-2
and Giardia, and real-time PCR performed at the Univer-
sity of California Davis for CCoV, Cryptosporidium, and
Salmonella.

To validate each PCR panel test result, seven quality
controls were used for each sample tested: 1) PCR posi-
tive controls (quantitative); 2) PCR negative controls; 3)
negative extraction controls (five per 96-well plate); 4)
DNA internal sample control targeting the host 18S
rRNA to quantify the DNA in the submitted diagnostic
sample; 5) RNA internal sample control targeting the
host 185 rRNA to guantify the ¢<DNA in the submitted
diagnostic sample after reverse transcription; 6) control
to monitor environmental contamination; and 7) spike in
the intermal positive control to monitor PCR inhibition.
These controls were used to assess the functionality of
the PCR test protocol (1), the absence of contamination
in the reagents (2) and laboratory (5), the absence of
cross-contamination during the extraction process (3), the
quality and integrity of the DNA and RNA as a measure
of sample quality (4 and 5), the RT protocol (5), the ab-
sence of random positive PCR signals within the PCR
laboratory (6), and the absence of PCR Inhibitory sub-
stances carrled over from the sample matrix (7).

Parasitological diagnosis

A fecal flotation procedure was performed with zinc sul-
fate [29] and saturated sodium chloride [30] flotation solu-
tions, as described previously. The parasitological test
was performed with light microscopy by ldentifying the
parasite eggs, larvae, cysts, and oocysts, according to their
morphological characteristics [30,31].

Statistical analysis

The results were subjected to statistical analysis with the
x° test or Fisher’s exact probability. Differences were
considered significant when P < 0.05. The statistical analysis
was performed at a website for statistical computation
(VassarStats, Vassar College, Poughkeepsie, NY, USA).
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