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RESUMO

Os micoplasmas hemotroficos (hemoplasmas) sdo ismgas pleomorficos,
epicelulares, gram negativos que infectam a swugperfios eritrécitos de diversas
espécies. Devido ao fato de ser incultivavel emomaie cultura tradicionais, o
diagnostico € baseado em técnicas moleculares 8Es) a infeccdo pelos hemoplasmas
pode causar anemia hemolitica na fase aguda, elequanioenca cronica 0s sinais sao
inaparentes, sendo que a imunodepressdo e a edphaiee podem desencadear a
doenca aguda. Os objetivos do presente estudo feraatiar a prevaléncia dos
hemoplasmas em caes submetidos a atendimentoocléicirdrgico no Hospital
Veterinario da Universidade de Passo Fundo (HV-URIEntificar os fatores de risco
para infeccao pelos hemoplasmas e as condi¢désaslima infec¢do natural. Para isso,
foram selecionadas amostras de sangue com EDTA edigdam com propoésito
diagnostico ao Laboratorio de Andlises ClinicasHi6UPF. ApGs a verificagdo do
controle da extracdo (PCR para o gene GAPDH), astas foram encaminhadas ao
Department of Comparative Pathobiology, Purdue &hsity (IN, USA) para as
andlises moleculares. Foi realizada reacdo em aatkeipolimerase (PCR) para os
hemoplasmas felinos @andidatusMycoplasma turicencis’,CandidatusMycoplasma
haemominutum’) e caninosMfcoplasma haemocanie ‘Candidatus Mycoplasma
haematoparvum’). Ao total, foram analisadas 347 stras, sendo que 16 foram
negativas para o controle GAPDH e excluidas dodestlA prevaléncia para
hemoplasma foi de 6,4% (21/331) sendo 5,1% (17/B86gMycoplasma haemocanes
1,8% (6/331) para um organismo geneticamente samelhao hemoplasma felino
‘CandidatusMycoplasma haemominutum’. Nao foram encontradasstiea® positivas
para CandidatusMycoplasma turicencis’ eCandidatusVlycoplasma haematoparvum’.
Os cées positivos para hemoplasmas tinham comoesatbe risco a presenca de
ectoparasitas (carrapatos e/ou pulgas), idade adang habitavam em casa. Embora
tenha sido identificada a presenca de correlactie as neoplasias e feridas causadas
por brigas com outros caes e a infecgcdo pelos Hesrops, tais resultados foram
atribuidos a uma influéncia da idade e a preseag@tbparasitas. Nao houve variacdes
hematoldgicas e bioquimicas em decorréncia dagatepeloMycoplasma haemocanis
Refere-se, no presente estudo, o primeiro estudoisaando a freqtiéncia da infeccao
pelos hemoplasmas em caes no Brasil.

Palavras-chave: micoplasmas hemotroficos, reacamadria da polimerase,

‘Candidatugvlycoplasma haemominutun®¥ycoplasma haemocanis
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ABSTRACT

The hemotropic mycoplasmas (haemoplasmas) are phphig epicellular and gram-
negative organisms that do not grow in conventiandture media. The organisms
infect thered blood cell surfacef several species and nowadays the diagm®&iased
on molecular techniques. In dogs, the acute infectiaanses severe hemolytic anemia,
while in the chronic disease the clinical signs @amepparent. In addition splenectomy
or immunosuppression may result in the acute deseHse aims of the present study
were to evaluate the prevalence of haemoplasmdegs that were submitted to clinical
or chirurgical procedures at the Veterinary Teaghtiospital of the University of Passo
Fundo (UPF-HV), to identify the risk factors forf@ction and the clinical conditions of
haemoplasma natural infection. EDTA blood samgtes were submitted for diagnosis
purpose at the Laboratorio de Analises ClinicathefHV-UPF were randomly selected
and clinical data were obtained from the hospitthdase. After DNA extraction and
the internal control, the samples were sent to Erepartment of Comparative
Pathobiology at the Purdue University (IN, USA)h8al of Veterinary Medicine, for
molecular analysis. A polymerase chain reaction RP@or feline haemoplasmas
(‘CandidatusMycoplasma turicencis' an€andidatusMycoplasma haemominutum’)
and canine haemoplasmallycoplasma haemocaniand Candidatus Mycoplasma
haematoparvum') was performed. A total of 347 samplere analyzed, while 16 were
negative for the control GAPDH and excluded from study. The total prevalence was
6.4% (21/331), 5.1% (17/331) farlycoplasma Haemocanasnd 1.8% (6/331) for an
organism genetically similar to felin€andidatusMycoplasma haemominutum' and no
samples were found positive GandidatusMycoplasma turicencis' an€andidatus
Mycoplasma haematoparvum'. The haemoplasma positige lived at private homes,
are old and were in contact with ectoparasitekgtiand/or fleas). Although it was
identified a positive correlation between neoplassease, wounds caused by dog fights
and the haemoplasma infection, these results weieuded to the influence of age and
the vector. Hematological and biochemical variatiowere not identified at
Mycoplasma haemocanipositive samples. This is the first studglated to the
frequency of haemoplasma infectiondogsin Brazil.

Key words: hemotropic mycoplasma, polimerase chain react@andidatus
Mycoplasma haemominutuni¥ycoplasma haemocanis
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1 INTRODUCAO

Os micoplasmas hemotrofico(hemoplasmas) vém semstiocdaos desde a
década de 1950, quando se verificou que caes afepad esses organismos poderiam
manifestar os sinais clinicos da doenca aguda,dguasplenectomizados ou a doenca
crbnica assintomaticos. A importancia da infecgdioverificada primeiramente nos
Estados Unidos, onde um grupo de pesquisadordgantio cdes como modelo
experimental para pesquisas do choque hemorragodiservaram resultados
inconsistentes em decorréncia de uma doenca heraokguda que os animais
apresentavam (Kemming et al., 2004a, b). A partissé momento, associado ao
diagndstico molecular, grupos de pesquisa amerscarguropeus iniciaram os estudos
moleculares dos hemoplasmas que afetam tanto sgjuaato outras espéecies.

No Brasil, embora os estudos sobre o choque hegicor@aparentemente nao
sofram interferéncia pela infeccao, verifica-se questudo dos hemoplasmas, nao
somente no cao como em outras espécies, apreseradagrande importancia da
identificacdo das espécies que afetam os animags vaaificar o potencial zoonotico
das hemoplasmoses, além de descobrir novas espéogs como a infec¢do cruzada.
Com relacdo a espécie canina, atualmente, essaapaputem apresentado um
crescimento significativo principalmente em grandeldes onde o convivio com os
seres humanos € bastante proximo. Devido a essgoc@amento, as possibilidades de
transmissdo dessas e de outras enfermidades ogascsdo superiores. A presenca de
vetores como as pulgas e carrapatos, potenciasntiasores, principalmente em locais
de clima quente e a auséncia de métodos eficazemntt®le sdo fatores que devem ser
considerados na possibilidade de os hemoplasmam sevonoses (SANTOS et al.,
2008). O carrapato marrom do caehipicephalus sanguineug conhecidamente o
principal fator de risco para transmissdo da heasmpbse (SENEVIRATNA et al.,
1973) e outras doencgas transmitidas por vetoresammos. No Brasil, observa-se com
elevada frequéncia o vetor em todas as regidesaty pendo que naquelas de clima
Seco o0 carrapato € mais prevalente.

No pais, ainda se utiliza como meio de diagndéstim® hemoplasmas e demais
formas parasitérias sanguineas, a deteccao dosisrges nos esfregacos sanguineos
corados por corantes de rotina. Em decorrénciaagdm lzusto do exame e da falta de
laboratorios capacitados para tecnologias molegsilar diagnoéstico tem sido baseado

em evidéncias clinicas, sendo que normalmente dirmawglo com o tratamento
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sintomético. Com 0s avancos e a popularizacaocédagcas moleculares de diagnéstico,
h& uma necessidade de disponibilizar aos centrogliaignostico veterinario um
protocolo padronizado para o diagnostico dos heasophs e dos demais hemoparasitas
dos animais domeésticos. Com o0 passar dos anogcaorale polimerase em cadeia
(PCR) tem se tornado uma técnica difundida e terardagem de apresentar elevada
especificidade e sensibilidade além de estar nigi®ulivel no meio veterinario.

A maioria dos estudos de prevaléncia da infeccéms geemoplasmas no Brasil
esta concentrada nas espécies que afetam os fdimosaninos, os estudos ainda nao
sao suficientes para poder avaliar a prevalénsafatores de risco e o potencial
patogénico dos hemoplasmas. Um dos poucos estwdasionou a presenca do
hemoplasma até entdo detectado em felino€andidatusMycoplasma turicencis’ em
7 cées esplenectomizados utilizados em uma pesqeistifica (SANTOS, 2008). Os
relatos de casos isolados foram nos estados dod&arslinas Gerais (De MORAES, et
al., 2006; BIONDO et al., 2009), porém sem a deitegigdo da composicao filogenética
do agente e comparacao entre outros isolados deéncia mundial. Em um recente
estudo (RAMOS et al., 2010) verificaram a caraztg@o geneética dos patdgenos
transmitidos por carrapatos na regido metropolidbm#&ecife, onde ®. haemocanis

foi identificado em um pequeno nimero de animais.
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2 REVISAO BIBLIOGRAFICA

2.1 Historico dos micoplasmas hemotréficos (hemomas)

Os micoplasmas hemotréficos sdo organismos pledaoérfepicelulares, gram
negativos que infectam e crescem na superficieedtr®citos de diversas espécies
(LUMB, 1957; MESSICK et al., 2002; MESSICK & HARVEY2011,In pres3. O fato
de possuirem como caracteristica o ndo crescineentmeios de cultura convencionais
fazem com que ocorra limitagcdo das possibilidades im/estigativas sobre o
comportamento dos hemoplasmas (WILLI et al., 2087auséncia de parede celular e
flagelos, resisténcia a penicilina e sensibilidade tetraciclinas sao caracteristicas
importantes de tais agentes (RAZIN et al., 1998).

Primeiramente, os organismos foram classificadosordem Rickettsiales
familia AnaplasmataceaegéneroHaemobartonellae Eperythrozoonem decorréncia
do tamanho reduzido (menos que 1 um), propriedadesiais e a possibilidade de
serem transmitidos por artropodes (MESSICK, 2004;\Vet al., 2007). Entretanto,
as caracteristicas de auséncia de parasitismeehifar, resisténcia a penicilina, falta
de flagelos, pequeno tamanho, falta de paredeatedukensibilidade as tetraciclinas
apontavam uma suspeita de os organismos estargnanménte relacionados a classe
dos Mollicutes. Desta maneira, a analise filogeaétia seqtiéncia do gene rRNA 16S
transferiu os organismos do génétaemobartonellae Eperythrozoonpara a familia
Mycoplasmataceae, clas$8éollicutes géneroMycoplasma(NEIMARK et al., 2001,
MESSICK et al.,, 2002; TASKER et al., 2003), dandcelas a denominacao de
micoplasmas hemotroficos (NEIMARK et al., 2001).sBle contexto, para identificar
organismos que se ligam na parede dos eritréciosn€luido o sufixo “haemo*
enquanto para aqueles que ndo foram completamergeritds, a designacédo de
Candidatus(MESSICK & HARVEY, 2011,n pres3. Assim, a arvore filogenética dos
micoplasmas foi modificada e adicionado o grupo Hesnoplasmas proximo ao
Mycoplasma fastidiosunatravés da avaliacéo filogenética que codificana pa genes
rDNA 16S e RNase P RNATr(pB) obtida através do sequienciamento de 11 diferentes
micoplasmas (PETERS et al., 2008). Adicionalments, hemoplasmas foram
subdivididos em 2 grupos, o grupo haemofelis quatéto M. haemofelis M.

haemocanie o ‘CandidatusM. turicencis’; e o grupo haemominutum que contm



‘CandidatusM. haemominutum’ e oCandidatusM
(Figura 1.).
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Figura 1. Arvore filogenética dos micoplasmas bdseao gene 16S rRNA.

Fonte: Peters et al., 2008.
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Na microscopia eletrbnica (Figura 2), o organisnoalep aparecer fixado a
superficie eritrocitaria, preservando a integridagi@ membrana (BRINSON &
MESSICK, 2001). Entretanto, durante a bacterensisa éxacédo ocasiona distor¢cdes no
formato da célula levando a injuria celular atradés mecanismos imunomediados
(VENABLE & EWING, 1968). Outros mecanismos patog@si da infeccdo pelos
hemoplasmas ainda n&o estdo completamente esdtE¢MESSICK, 2004).

Figura 2. Fotomicrografia eletrénidéycoplasma haemosuis
Fonte: Messick, 2004

Morfologicamente, no esfregaco de sangue perif&c@mado com corantes do
tipo Romanowsky, os hemoplasmas podem ser obsexvedforma de cadeias que se
estendem sobre a superficie eritrocitaria (Figyr@wB podem estar individuais como

pequenas esferas, formato discoide ou em anéis B,U€57; HOSKINS, 1991).
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Figura 3. Esfregaco de sangue periférico com osgaws deMycoplasma haemocanis
(setas)na superficie dos eritrocitos de um cédo doméstiboight-Giemsa, 1000x).
Fonte: Joanne B. Messick, Purdue University, Schobleterinary Medicine.

Com o tamanho celular extremamente reduzido, @mgandos hemoplasmas
pode variar de 745 kbMycoplasma su)sa 1245 kb Kycoplasma haemofelis
(BARKER, 2011). O sequenciamento do genomavidchaemofelissugeriu que 21%
dos genes eram designados para o transporte eais&tal do organismo, enquanto
outros poucos eram responsaveis para a protec@adaleontra estresse oxidativo e
grande flexibilidade na sintese de aminoacidos. himmero consideravel de genes
determina as adesinas que sdo fundamentais patareviséncia do organismo, além
de variaveis antigenos de superficie que defendemianplasmas das acbes do sistema
imune do hospedeiro (MESSICK, 2004).

Estudos recentes envolvendo a avaliacdo dos gendoislycoplasma sui®
Mycoplasma haemofelidemonstram que ambos possuem genomas reduzidoagpar
rotas metabdlicas e evidéncias para adaptacdo dder® sanguineo. Os autores
especulam que os hemoplasmas podem causar a datagas da remocao de
nutrientes e competicdo com a célula parasitadienuo levar a reducdo da meia-vida
dos eritrocitos (MESSICK et al., 2011). As carastezas metabdlicas (MESSICK et
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al., 2011; BARKER et al.,, 2011) desses organism@gugicam a culturan vitro
fazendo com que os métodos de diagnostico devamassar em técnicas moleculares
(TASKER et al., 2003).

2.2 Fisiopatologia da infeccao pelos hemoplasmas

Os mecanismos da patogenicidade dos hemoplasmeda a#io estdo bem
elucidados. A fisiopatologia da infeccdo pelos rmpiasmas pode envolver a producéo
de radicais livres pelo microrganismo, levando a damo oxidativo na membrana
celular do hospedeiro, secrecdo de enzimas querppdemover a ruptura tecidual e
aberracdes cromossémicas (MESSICK, 2004). Adicioeate, a caracteristica
fastidiosa pode comprometer o equilibrio celulavasionando danos e induzindo a
doenca no hospedeiro (RAZIN et al., 1998).

Os micoplasmas podem induzir reagc6es imunes egj@eci€omo a producdo de
anticorpos, no caso, pelos micoplasmas ndo henuutsof As reagbes imunes
especificas exercem um papel importante no desemaito de lesbes e na
exacerbacdo de doencas induzidas pelos micoplasBasnte a infeccdo, o0s
micoplasmas podem afetar o sistema imune hospededozindo a supressdo ou a
estimulagdo policlonal de linfocitos B e T; indukin citocinas; aumentando
citotoxidade de macrofagos, células natural kikercélulas T, intensificacdo da
expressao de receptores celulares e ativacaotémsaisilo complemento. A capacidade
para imunomodular a responsividade imune do hogpedeontribui para as
propriedades patogénicas dos micoplasmas e peestabelecer uma infec¢cao cronica
persistente (RAZIN et al., 1998).

Normalmente os micoplasmas vivem em harmonia carélia hospedeira e,
portanto, raramente as infecgbes causadas seramémites. No entanto, a associagao
da hemoplasmose latente com doencgas imunossu@&ssivna maioria das vezes,
fundamental para o desenvolvimento da doenca agMiESSICK, 2004). Nesse
contexto, a maioria das pesquisas esta direcioaadsspécies que afetam felinos e a
associagdo dos hemoplasmas felinos com as doengtevirais como a
imunodeficiéncia (FIV) e a leucemia felinas (FeLX)maioria dos autores sugere que a
hemoplasmose no gato possa ser um modelo paraudoesia infeccdo pelos
micoplasmas em humanos imunocomprometidos peladdeiitiéncia causada pelo
retrovirus (MESSICK, 2004; PETERS et al, 2008).



20

2.3 Micoplasmas hemotréficoem cées

Em caninos, os primeiros hemoplasmas a serem fidadtbs foram o
Mycoplasma haemocange anteriormente foi denominado ldaemobartonella canis
da ordem Rickettsia (BRINSON e MESSICK, 2001) eGardidatusMycoplasma
haematoparvum’ (SYKES et al., 2004; SYKES et a0p3). Apdés a difusdo das
técnicas de biologia molecular para o diagnéstios khemoplasmas, identificou-se o
‘CandidatusMycoplasma haemominutum’ (de MORAIS et al., 200BlUANG et al.,
2009; OBARA et al., 2011) e €andidatusMycoplasma turicencis’ (SANTOS, 2008),

gue possuem caracteristicas filogenéticas semekhantespécies descritas em felinos.

2.3.1Mycoplasma haemocan(sl. cani9

E descrito desde 1928 na Alemanha, onde em um sfenectomizado
verificou-se no sangue periférico a presenca danisgos semelhantes a Bartonella
(LUMB, 1957). Tais organismos eram pleomorficos rabs a membrana com o
formato de cocos individuais muito pequenos (0,25em) ou em cadeias agregadas
retas, curvas, espirais, aneladas ou com o forehatarco de violino (VENABLE &
EWING, 1968; MESSICK et al., 2002). Com distribw¢cénundial, até o presente
momento, ha descricdo na Espanha (ROURA et alQ)2&Llica (WENGI et al., 2008),
Europa meridional (NOVACCO et al., 2010), FranceERMNY et al., 2004), Africa
(BARKER et al., 2010), india, Peru, Venezuela, Bsta Unidos (BRINSON &
MESSICK, 2001) e Brasil (BIONDO et al., 2009) attawda PCR convencional e PCR
em tempo real.

Nos estudos filogenéticos do gene rDNA 16S, verfise uma intima
similaridade com dVl. haemofelig99,3% a 99,7% de similaridade), em que alguns
autores sugeriram ser o mesmo organismo que pafeta tanto cdes quanto gatos, ja
que a infeccdo cruzada havia sido verificada (LUNI857; BRINSON & MESSICK,
2001; BIRKENHEUER et al, 2002). No entanto, o estutb gene RNA RNase P
(rnpB) entre os agentes identificou uma reduzida honal(#y,3 a 95,5%) e por isso
puderam ser classificados como espécies distiBI&RKENHEUER et al., 2002). Com
base no gene RNA RNase P, alguns estudos ja refererealinhamento dos

hemoplasmas na arvore genética (PETERS et al.)2008
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2.3.2 CandidatusMycoplasma haematoparvum’

Foi detectado pela primeira vez em um cdo com riafale células T apols a
esplenectomia e quimioterapia (SYKES et al., 208¥KES et al., 2005). Na
comparacao filogenética do gene rDNA 16S, os asitooacluiram se tratar de um
organismo muito semelhante a@andidatusM. hemominutum’ dos felinos (94%) e
pouco relacionado abl. haemocanig77%). Como semelhangca morfolégica entre o
‘Candidatus M. haematoparvum’ e o Candidatus M. hemominutum’, pode-se
relacionar o tamanho reduzido (0,3 um de didamet#ra@ auséncia de cadeias de
organismos dispostas na superficie dos eritrO(BYKES et al., 2005).

Um protocolo semelhante ao utilizado para veriicagla diferenca entrél.
haemocanise M. haemofelis (BIRKENHEUER et al., 2002) que envolve o
sequenciamento do gene RNase ripl) foi aplicado para diferenciar ambos os
hemoplasmas pequenos que afetam caes e gatosalNg@y do fragmento resultante
desse ensaio, SYKES et al. (2005), verificaram Hogi@ de 75% para cCandidatus
M. haemominutum’ e 65% para os isoladodvidhaemocanis.

Em um estudo francés, Kenny et al. (2004) utilizaadPCR em tempo real para
o diagndstico dos hemoplasmas em cées, foi detecttlizido nimero de cépias de
DNA nos animais infectados pel@andidatusM. haematoparvum’ (5,8 x @ 2,1 x
10*° cépias/mL de sangue). Tal observacdo sugere qu#osngedes positivos
assintomaticos possam nao ser diagnosticados std&éPCR em tempo real ou
convencional pela baixa bacteremia.

No Brasil, em Londrina, Parana (DE MORAES et @0&, em um estudo com
145 cées, os autores observaram 7,5% dos caed%)lpdsitivos paraCandidatusM.
haematoparvum’, sendo que as copias quando segqdaacapresentaram 85% de
homologia para esse organismo e 96% pdva bhaemocanisOs autores sugeriram se
tratar de uma nova espécie ou uma variacadl doaemocani¢gBIONDO et al., 2009)
No entanto, nenhum outro estudo foi conduzido phreidar esse fato.

2.3.3 CandidatusMycoplasma haemominutum’

Juntamente com blycoplasma haemofeli®i classificado como agente causal
da Anemia Infecciosa Felina, sendo o primeiro raspeel por uma anemia hemolitica
e 0 segundo, uma cepa menos patogénica. Anteritemam ano de 2005, tais

organismos eram classificados delaemobartonella felis isolado Ohio e
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Haemobartonella feligsolado Califérnia, com base nas caracteristicagfatdgicas.
Com a avaliacao da sequéncia dos genes 16S RNpBzforam removidos ndaxae
reclassificados no génemdycoplasma(MESSICK & HARVEY, 2011,In press. A
similaridade do gene 16S RNA entre ambos € de EBLEY & PEDERSEN, 2001).

A ocorréncia do CandidatusM. haemominutum’ em caes foi verificada em
Londrina, estado do Parana (BIONDO et al., 2008)Provincia de Guangdong, China
(ZHUANG et al., 2009) e recentemente no Japao (OBASRal., 2011). Através da
PCR convencional para o gene 16S usando primengersais, o estudo chinés
identificou 1 positivo entre 40 cées saudaveisedigncia do isolado apresentou 97 a
99% de similaridade com oCandidatus M. haemominutum’ e 94 e 95% de
similaridade com oCandidatugvl. haematoparvum’.

Em gatos, foi sugerido que as pulgaStefiocephalides felis fossem
responsaveis pela transmisséo tanto Mio haemofelisquanto do Candidatus M.
haemominutum’ (WOODS et al., 2005). No entanto, efes, ainda nao existem

estudos que sugerem o papel das pulgas na traésndiess hemoplasmas em caes.

2.3.4 CandidatusMycoplasma turicencis’

Essa nova espécie de hemoplasma foi recentemesteitdena Suica sendo
responsavel por causar anemia hemolitica em gatmeéa da inoculacdo intravenosa
de sangue infectado para um gato livre de patoégdhvd Ll et al., 2005).
Posteriormente, através de estudos molecularegrndabu-se se tratar de um
organismo semelhante &dycoplasma coccoides Mycoplasma haemomurigmbos
micoplasmas hemotroéficos de roedores (WILLI et2006).

Apesar de o CandidatusM. turicencis’ nos felinos apresentar distribuicdo
mundial, em cées, até o presente momento, hd apemaslato da identificacdo em
7/10 caes esplenectomizados assintomaticos pelscaéda PCR convencional
otimizada para a deteccdo do hemoplasma em fdBRNTOS, 2008; SANTOS et al.,
2009). No sequenciamento do gene 16S, o organisitongado em caes revelou-se
tratar de um organismo 98 a 100% similar aquele igfexta os felinos domésticos
(SANTOS, 2008).
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2.4 Transmissao dos hemoplasmas em céaes

A transmisséo natural dd. haemocanisio cao ainda nao estd completamente
esclarecida. A infeccdo experimental dd. canis foi verificada em 1973
(SENEVIRATNA et al., 1973), quando se conseguiingnaitir a doenca para um
canino esplenectomizado através do carrapato mardomcao Rhipicephalus
sanguineups Dessa forma, foi sugerido que o carrapato fosgetor da transmissao dos
hemoplasmas para o cdo (BRINSON & MESSICK, 2001 S8EK, 2003; SYKES et
al., 2004; MESSICK & HARVEY, 2011|n pres3. Até o presente momento, néo
existem estudos verificando o papel das pulgagarsmissdao dos hemoplasmas em
cées, assim como ja foi verificado para hemoplasemasfelinos (HORNOK et al.,
2010).

Em gatos, os estudos moleculares demonstraram sengae de DNA dos
hemoplasmasCandidatusM. haemominutum’ eM. haemofelisem pulgas e fezes
recolhidas de gatos (WILLI et al., 2007). Os autodefenderam que a avaliacdo da
presenca de hemoplasmas e organismos rickettaiataeapatos e pulgas é necessaria
para elucidar completamente o papel desses vetargansmissédo da doenga no céo.

Outras formas de transmissdo dos hemoplasmas fdemtritas, mas até o
presente momento, ndo ha um completo conhecimeo$ ndecanismos que as
envolvem. A transmissao iatrogénica, atraves aestuades sanguineas, pode ocasionar
a transmissédo do hemoplasma entre outros agentgesms receptores (LUMB, 1957;
Mc WILLIAMS & FURNEAUX, 1973; LESTER et al.,, 1995MESSICK, 2003;
MESSICK & HARVEY, 2011). O consenso do American IEgé of Veterinary
Internal Medicine (ACVIM) determinou testes pareex&doadores de sangue e a
identificacdo daVl. haemocanigpode ser realizada, pois a maioria dos caes auest
assim como os gatos, ndo apresenta evidénciasadida doenca (WARDROP et al.,
2005). A contaminacdo iatrogénica ja foi sugericdauen canino comCandidatusM.
haematoparvum’ (SYKES et al., 2004).

A presenca de Haemobartonella no esfregaco samgdenedes que receberam
sangue de um cao infectado por via oral ja foitaela (LUMB, 1957) e considerou-se
que a presenca de lesdes no trato gastrintestipatisr é facilitadora da infecgdo. Com
relacdo a transmissao através do leite matern@ aiéid ha comprovacdes. Ainda nesse

aspecto, a ingestado acidental de sangue em bI8RSAKI et al., 2008), além do
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contato com secrecdes vaginais do estro ndo foraatarecidas como fontes
contaminantes até o presente momento.

Estudos experimentais para demonstrar a transmisstia-uterina nao
obtiveram sucesso, embora haja evidéncias indicetague a transmissao intra-uterina
possa ser possivel (LUMB, 1957; KRAKOWKA et al.,/7T9 MESSICK & HARVEY,
2011, In pres3. Uma suspeita de transmissdo transplacentariaeidficada em caes
livres de patdégenos com 6 dias de idade inoculados virus da cinomose e que
apresentaram inclusdes He canis21 dias apés a inoculacédo. Nesse caso, foi sugerido
gue os efeitos imunossupressores do virus da csmrfmam determinantes para o
desenvolvimento da hemoplasmose nesses cées qstasupnte adquiriram a infecgcéo
transplacentaria (KRAKOWKA et al., 1977).

Na infeccdo pelo$1. haemocaniso periodo pré-patente apos a injecao IV de
sangue contaminado em caninos esplenectomizaduseéleou 2 dias a 2 semanas ou
mais (LESTER et al., 1995). Os sinais clinicosrdadcao ja foram identificados em até
9 semanas apos o inicio do tratamento de hemangiossa esplénico (esplenectomia,
transfusdo sanguinea e quimioterapia) em um cadNBBN & MESSICK, 2001).
Nesse caso, 0 cdo desenvolveu uma anemia pemiséitiuida a uma infeccéo

cronica.

2.5 Diagnostico dos hemoplasmas

Durante a bacteremia, os organismos podem servaloeesr em esfregacos de
sangue periférico, porém com reduzida especifieéddad sensibilidade diagndstica
(CHALKER, 2005; BRINSON & MESSICK, 2001; MESSICK at., 2004). A reagéo
em cadeia da polimerase (PCR) para a deteccaoetiogpfasmas é consagrada como
um teste padrdo ouro desde que os esfregacos seagworados ndo sado especificos e
sensiveis para deteccdo na maioria das espéciemaddaldV. haemocanisum tempo
prolongado entre a coleta e a analise pode renmuagente da membrana eritrocitaria,
ndo sendo possivel observar nos esfregacos sangulra contrapartida, os resultados
falso-positivos também podem estar evidentes, degpde artefatos de corante e
corpusculos de Howell-Jolly possam ser confundma o agente (KEMMING et al.,

2004b). A PCR convencional e em tempo real tem sitiplamente utilizada com
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elevada especificidade e sensibilidade, permitiodter o diagndstico e, através do
sequenciamento do fragmento amplificado, comparaoraposi¢céo filogenética dos
hemoplasmas (KENNY et al., 2004; MESSICK, 2003).

Devido a intensa similaridade do gene 16S rDNAesasr hemoplasmas caninos
e felinos, para a amplificacdo do agente em cans@s utiizados 0os mesmos
oligonucleotideos pfimery para a deteccdo dos hemoplasmas felinos, séhdo
haemofeligparaM. haemocanig ‘CandidatusM. haemominutum’ paraCandidatusV.
haematoparvum’ e Candidatus M. turicencis’ (SANTOS, 2008; BRINSON &
MESSICK, 2001; BIRKENHEUER et al, 2002; MESSICKagt 2002).

2.6 Fatores de risco para infec¢ao pelos hemoplassna

Os primeiros estudos epidemiologicos dos hemoplasnmacaes comecaram a
ser publicados a partir do ano de 2004, a partlifissdo das técnicas moleculares de
diagndstico, como a PCR convencional e a PCR emdeeal. Ao passo que a maioria
dos estudos demonstra uma prevaléncia reduzidanddos hemoplasmas que afetam
0S caninos, até o presente momento, ndo houve deteominar os fatores de risco para
infeccdo para cada hemoplasma isoladamente. Naddsstnidos, desde a verificacédo
da interferéncia que ®. haemocanisocasionava em pesquisas clinicas do choque
hemorradgico em humanos, os estudos dos hemoplassesa espécie comecaram a ter
maior relevancia (PRYOR & BRADBURY, 1957, KEMMING al., 2004a,b).

Com relacdo aos fatores de risco para infeccac gemoplasmas em céaes, a
maioria dos estudos refere uma relacdo signifisatem a presenca de carrapatos,
considerando esse um dos principais fatores de (IENNY et al., 2004; WENGI et
al., 2008; NOVACCO et al., 2010; ROURA et al., 2P importancia do carrapato na
transmissdo da doenca foi verificado por Senewrah al. (1973) e desde que a
infeccdo experimental foi confirmada, a presencacawapato tem sido incluida nos
estudos populacionais de prevaléncia. Um uUnicodestealizado na Tanzania e
Trinidad e Tobago, onde a ocorréncia do carrapatmrdum, ndo se verificou a
presenca do carrapato como fator de risco paracgafe pelos hemoplasmas na
populacao estudada (BARKER et al., 2010).
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Jé foi verificado que o ambiente de vida dos céele [interferir na infeccéo e na
perpetuacdo da doenca. As primeiras verificacoesl.doanis (M. haemocanisgm
canis relacionavam caes portadores assintomatiapseea partir da esplenectomia,
comecavam a apresentar sinais de anemia gravsisteete, interferindo em resultados
de pesquisa (KNUTTI et al.,, 1935; Mc NAUGHT et all935; PRYOR &
BRADBURY, 1975; KEMMING et al., 2004a). Em um estueém cdes de 3 canis
comerciais e um grupo controle constituido de cdesHospital Veterinario da
Universidade de lllinois, verificou-se uma frequ@nsignificativamente superior da
infeccdo pelos hemoplasmas em canis do que o gramioole (60 cdes), em que nao
houve positivos pela PCR (KEMMING et al., 2004b).pApulagédo constante e um
maior risco de exposicdo aos vetores sao aspeuimEtantes para a perpetuacao do
organismo nesse tipo de populacdo. Cées que vivenalgigos também sdo mais
predispostos a infeccdo pelo hemoplasma. Em undesturopeu, NOVACCO et al.
(2010) identificaram correlagéo significativa erdrenfeccéo pelos hemoplasmas e cées
que viviam em abrigos. Nesse caso, 0s autoresigmgeque as mas condicbes de
higiene poderiam auxiliar na perpetuacéo do vetor.

As caracteristicas metabdlicas e biologicas dosmplasmas em geral permitem
que o organismo fique latente e que, no surgimeet@afeccbes imunodepressoras,
possa ser fundamental para o desenvolvimento deaissiclinicos da doenca
(MESSICK, 2004). Afeccdes infecciosas ou nao infesas concomitantes ja foram
identificadas em cées positivos para os hemoplagfR¥OR & BRADBURY, 1975;
KRAKOWKA et al., 1977; GETILLAT, 1981; NOVACCO et.a2010; ROURA et al.,
2010). Caes traumatizados ou criticamente doergdsnp manifestar imunodepressao
em decorréncia da acdo das citocinas produzidass pelacréfagos dos tecidos
injuriados no sistema imune (PRYOR & BRADBURY, 197BATZ, 2010). As
funcdes dos macrofagos, neutrofilos, células T is@ompetentes, mas células B e
resposta com anticorpos podem estar normais (DRDZ)). Baseado nesse contexto, a
relacéo entre a infeccéo pelo parvovirus caninéleanisfoi identificada e suspeitou-
se que o virus fornecesse condi¢cdes favoraveisgaraltiplicacdo dos hemoplasmas
(GETILLAT, 1981). A infeccdo pelos virus da cinoradambém favoreceu a infecgéo
em filhotes (KRAKOWKA et al., 1977) e a demodicdse considerada um fator de
risco para infeccado na Europa mediterranea (NOVA@CA., 2010). Na Espanha, caes
doentes apresentaram significativamente maior gpedicdo a infeccdo pelos

hemoplasmas que os saudaveis (ROURA et al., 2010).



27

No Brasil, as co-infec¢cbes comBabesia gibson(TRAPP et al., 2006) e o
Hepatozoon canigRAMOS et al., 2010) ja foram identificadas, poréd@o existem
estudos que comprovem a associacdo entre outrageageansmitidos por vetores e a
infeccdo pelos hemoplasmas. A co-infeccdo por agemainsmitidos por vetores foi
identificada no Sudao, onde a co-infeccdoMlohaemocanise do CandidatusM.
haematoparvum’ com Bhrlichia canis(4 e 16 casos, respectivamentd).ecaniscom
Anaplasma platys ‘CandidatusM.haematoparvum’, além d& canis M.haemocanig
‘CandidatusM.haematoparvum’ foi verificada (INOKUMA et al.0@6). Os autores
sugeriram que a doenca pode ser mais severa ghanaa@ombina¢do de um ou mais
organismos. Entretanto, nas co-infeccbes ndo héo cdeterminar o papel do
hemoplasma no favorecimento da infeccéo por ogfente transmitido por vetores.

Animais jovens podem apresentar a forma aguda plodser fatal em 3 ou 4
semanas de idade; ja nos velhos, a forma crénide per mais evidente (MESSICK &
HARVEY, 2011, In pres3. Tanto na Franca (KENNY et al., 2004) quanto néc&
(WENGI et al., 2008), a idade e a raca nao foraamtiicadas como fatores de risco
para infeccdo pelos hemoplasmas. No entanto, regpkEumediterranea (ltalia, Espanha
e Portugal), os cées jovens e sem raca definidamfosignificativamente mais
predispostos a infecgcdo (NOVACCO et al., 2010).aBswiacdo de resultados nesse
parametro pode ser atribuida a fatores como: baixnero de animais infectados nos
dois primeiros estudos, perda de dados em amostirdgeconveniéncia e as diferencas
climaticas entre os paises dos primeiros estudwsparados a Europa mediterranea,
onde a presenca do carrapato é mais frequentecddedacdo com os cdes sem raga
definida foi em decorréncia da predominancia de péevenientes de abrigos do estudo
da Europa Mediterranea.

Na Tanzania e em Trinidad e Tobago (BARKER et28l10), foi verificado que
0S machos eram mais predispostos a apresentacganfpelos hemoplasmas e isso foi
atribuido ao fato de os cdes com acesso livre @s paderem se infectar pelo contato
com sangue infectado durante brigas. Apesar doatmpntom a saliva nao ser
confirmado como um fator de risco para infecca@scda raca Tosa (cado de briga)
foram mais predispostos a infecgdo no Japéo (SAZkl., 2008). Nesse caso, pode-
se considerar a ingestdao de sangue contaminado donte de infeccdo pelos

hemoplasmas.
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2.7 Infeccdo em cées

A importancia da infeccdo pelos hemoplasmas noesié na severidade da
doenca aguda, na possibilidade de estado de port@dBSSICK, 2004), na
perpetuacdo do organismo em canis (KEMMING et @04b) e na interferéncia dos
resultados de pesquisa, quando o céo € usado coaelarexperimental para o estudo
de afeccbes em humanos (PRYOR & BRADBURY, 1975; BRKet al., 1971;
KEMMING et al., 2004a; MESSICK & HARVEY, 2011n pres$. Outro fato a ser
considerado é o potencial zoonético que os hemmplsapodem ter e que ainda ndo foi
completamente esclarecido em nenhuma das espédesrbplasma.

Os sinais clinicos da infeccdo pelos hemoplasmasa@ s sdo variaveis e a
severidade da doenca depende de fatores aindeenéiedzlarecidos. Entre eles, pode-
se referir a espécie infectante e a presenca dea@seoncomitantes ou infec¢des. As
condicbes da maioria dos estudos (amostras de m@mega) ndo foram capazes de
inferir a distingcdo entre os sinais de doenca agutténica (ROURA et al.,2010).

2.7.1 Infeccéo aguda

A infeccdo aguda geralmente é verificada em cagderectomizados
(KEMMING et al., 2004a; BRINSON & MESSICK, 2001)imunossuprimidos. Caso
contrario, nas infec¢cdes concomitantes como babefWRIGHT, 1971; TRAPP et al.,
2006), erliguiose (INOKUMA et al., 2006), septicaside origem ndo especificas
(PRYOR & BRADBURY, 1975; KRAJE, 2001) e terapia inossupressiva
(HANDCOCK, 1989; HOSKINS, 1991; LESTER et al., 1998s sinais clinicos sédo
variaveis e inespecificos, onde pode estar preseat®rexia, letargia, perda de peso e
febre (LUMB, 1957; LESTER et al., 1995; BRINSON &88SICK, 2001; KEMMING
et al., 2004a; MESSICK, 2004) ou apresentar pregdtraanemia com temperatura retal
e apetite normal (MESSICK & HARVEY, 201In pres$ em caes experimentais. Caes
nao esplenectomizados que possuem a doenca lgiedtam apresentar sintomas,
quando houver a esplenectomia (MacWILLIAMS & FURNIER 1973), em situacdes
de estresse ou doencas concomitantes (LUMB, 198071)2 O baco tem um papel
importante na protecdo contra a infeccdo pklo haemocanis,uma vez que é
responsavel pela producdo de determinados fatokerm@movem um efeito inibitério
nos hemoplasmas (LUMB, 1957).
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Essa fase é caracterizada pela presenca de slimatos e uma bacteremia,
verificada no esfregaco sanguineo corado, que yariE conforme os diferentes graus
da doenca (KRAJE, 2001). Uma anemia hemolitica raewambém pode ser
identificada na fase aguda da doenca (BRINSON & BIEK, 2001; KEMMING et
al., 2004a; MESSICK, 2004; CHALKER, 2005; WENGIabt 2008).

2.7.2 Infeccéo crbnica

A infeccdo cronica pode ser verificada em céesesfitenectomizados, em que
0s sinais clinicos da doenca sdo inaparentes (LUMB7; MESSICK & HARVEY In
presg ou inespecificos (HOSKINS, 1991; MESSICK, 2004norexia, letargia, perda
de peso e febre ja foram observados em animaiscaroante infectados (CHALKER,
2005). A bacteremia é discreta e, por isso, osnisges podem ser encontrados na
circulagdo em um numero reduzido (MESSICK, 2004VHENG et al., 2004b). No
entanto, se uma infeccdo concomitante ou esplanectocorrer, os sinais clinicos
passam a ser aparentes ou até mesmo 0S organigissEnTpa ser observados na

corrente sanguinea (LUMB, 1957).

2.8 Prevaléncia mundial

A comparacdo entre os resultados provenientes stadas de prevaléncia no
mundo é prejudicada, uma vez que as amostras admaivoria, obtidas de caes de
hospitais veterinarios ou abrigos. Existe uma geamndriabilidade na taxa de
prevaléncia entre paises do mesmo continente, qde per atribuida a condicéo
geogréfica e climatica dos locais estudados (NOVAGCL al., 2010). No entanto, é
relevante para o estudo dos hemoplasmas caninbeaama prevaléncia e o tipo de
populacdo mais suscetivel, j& que a infeccdo eameafe e significativa apenas quando,
por algum motivo, houver esplenectomia, imunodeyd@sou estresse (MESSICK,
2003).

Na Franca, em um total de 460 amostras de sanguéede 71 (15,4%) foram
positivas para oMycoplasmasp sendo que 44 (9,6%) paria haemocanisl5 (3,3%)
para CandidatusM. haematoparvum’ e 12 (2,6%) para ambos. Embwastudo, os
autores tivessem atribuido uma técnica especifeaP@R em tempo real para a

deteccdo dos hemoplasmas em cées, o organismaifim semelhante geneticamente
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ao ‘CandidatusM. haemominutum’, j& que o protocolo foi baseadoconenposicao
genética desse organismo. O estudo refere o pdmeiato do Candidatus M.
haematoparvum’ na Europa (KENNY et al., 2004).

A baixa prevaléncia (1,2%) da infeccdo pelos heasphs (WENGI et al.,
2008) foi identificada na Suica onde 0,9% (8/888y émostras avaliadas foram
positivas pard. haemocanise 0,3% (3/889) par&andidatusM. haematoparvum’ na
PCR em tempo real. Os autores acreditam que agé@mnmdiimatica foi desfavoravel
para a sobrevivéncia do vetoRhipicephalus sanguineuBVENGI et al., 2008;
NOVACCO et al., 2010; WILLI et al., 2010) e porassouve uma reduzida frequéncia
dos hemoplasmas. Nesse estudo, 0os caes positigegi@gm histérico de viagens para
paises de climas quentes e foi sugerido que ac@detivesse sido adquirida nessa
ocasido. Um reduzido numero de produtos da PCR\aimk® nos cées positivos para
ambos os hemoplasmas, principalmenteCandidatus M. haematoparvum’, foi a
justificativa que os autores sugeriram para naetiaior sensibilidade no estudo.

Na Espanha, foram identificados 26/182 (14,3%) cpaesitivos para oS
hemoplasmas, sendo que apenas um foi positivo pmardCandidatus M.
haematoparvum’, anteriormente apenas observadoamgd; Japdo, Suica e Norte da
Tanzéania e Trinidad e Tobago (ROURA et al., 2010).

A avaliacdo da prevaléncia dos hemoplasmas na Eunoediterranea
identificou uma frequéncia significativamente sugreem Portugal, onde 40% das 50
amostras de sangue de cées foram positivas plslkahaemocanisO estudo concluiu
que existe uma grande diferenca da freqiéncia dosoplasmas entre os paises da
Europa (NOVACCO et al., 2010; WILLI et al., 2010nealecorréncia das condi¢gbes
geograficas.

Na China, através de 40 amostras de sangue desaédaveis, através da
amplificacdo do gene 16S, foi detectada a preseegan hemoplasma que apresentava
99% de similaridade com &€andidatusM. haemominutum’ dos felinos e 95% com o
‘CandidatusM. haematoparvum’ (ZHUANG et al., 2009).

Em Trinidad e Tobago e Tanzania, ond&.osanguineu® difundido, foram
avaliadas a presenca dos hemoplasmas em céessat@\ECR em tempo real. Nas
amostras de caes de vida livre na Tanzania, 19%4qQp foram positivas parl.
haemocanie apenas um céao foi positivo para ambos hemoptasiaem Trinidad e

Tobago, em amostras obtidas em um laboratoériocolj,9% (9/184) foram positivas
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paraM. haemocanis2,7% (5/184) positivas par&andidatusM. haematoparvum’ e
1,1% (2/185) positivas para ambos os hemoplasmaRKER et al., 2010).

Um estudo japonés verificou a infeccdo pelos heasophs em canideos
silvestres, onde em 12 carcacas de rapddapié sp) analisadas, uma foi positiva para
o0 M. haemocanisOs autores sugeriram que o0 organismo pode semtrado entre caes
e raposas através do mesmo vetor (SASAKI et 808R0

O primeiro estudo realizado para deteccdo de dsemignsmitidas por
carrapatos no continente africano evidenciou ncd8wuglie, dos 78 caes de vida livre
amostrados, 63 eram positivos p&hrlichia canise 33 para os hemoplasmbik
haemocanise/ou ‘Candidatus M. haematoparvum’. Nos cdaes infectados pelos
hemoplasmas, os autores verificaram que 3 apresentafeccdo simples, enquanto os
demais apresentavam co-infeccdo pElacanis ou Anaplasma platysOs autores
concluiram que a co-infec¢do pode causar uma desEvggia e que o carrapato tem um
papel importante nas co-infec¢coes em cées (INOKWEVIA., 2006).

2.9 Prevaléncia no Brasil

Até o presente momento, ndo existem estudos dealpreya dos hemoplasmas
caninos no Brasil, onde os relatos geralmente esff@sionados a estudo de casos
isolados.

O M. haemocaniga foi descrito nas regides sul e sudeste do B{R8INTAS-
TORRES, 2008), onde o diagnostico é baseado nawelgé® dos organismos em
esfregacos de sangue periférico, técnica poucavetresespecifica para o diagndstico
dos hemoplasmas. Recentemente no Recife, atravamétldos moleculares para
deteccdo de doencas transmitidas por vetores esnfoféentificado um cao positivo
para oM. haemocani$RAMOS et al., 2010).

No Rio Grande do Sul, o primeiro registro de um qawsitivo para
Haemobartonella canigM. haemocanisfoi em 1992 em Porto Alegre. Os autores nao
avaliaram a epidemiologia isolada desse agentegemtanto, dos 316 esfregacos
analisados, 27% foram positivos para algum tippalasita sanguineo (BRACCINI et
al., 1992).

No estado do Parana, em um grupo de 16 caes, fermmontrados quatro

animais positivos parBabesia gibson{genétipo asiatico), onde dois animais tinham
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co-infeccdo poM. haemocani¢TRAPP et al., 2006 Através da PCR convencional, de
amostras de 40 caes, foram identificados quatre ae esplenectomizados infectados
peloM. haemocanigde MORAIS et al., 2003).

O primeiro caso de hemoplasma pequeno em um cadQiRAIS et al., 2006)
e a co-infeccdo pdE. canisfoi detectado no estado do Paran&. Nesse casquarsia
de nucleotideos do gene 16S do agente tinha 97%trdiaridade ao CandidatusM.

haemominutum’.

2.10 Patologia clinica

As alteracdes laboratoriais podem variar, depermdodestagio da infeccdo. Na
infeccdo aguda em cdées, as alteracbes hematologicaemente encontradas sao:
hematécrito reduzido (11%), anisocitose, presenga editrocitos nucleados e
policromasia. A presenca de esferdcitos, o resulfaasitivo no teste de Coombs
(BUNDZA et al., 1976) e trombocitopenias podem aeservados (MESSICK, 2004).
Ao contréario dos felinos, a maioria dos caes ngbeasctomizados infectados cdvh
haemocanis ndo desenvolvem anemia ou apresentam um grandeeroUme
hemoplasmas no sangue (MESSICK, 2004; MESSICK & MER, 2011,In press.
Em caninos experimentalmente infectados, os sinasficados foram anemia
moderada, leucopenia e apatia (MESSICK & HARVEY120dn pres3. No caso da
infeccdo crbnica, em que 0s sinais clinicos sagairentes ou inespecificos, as
alteracdes hematoldgicas podem ser associadas wemizamoderada e leucopenia
(BRINSON & MESSICK, 2001; MESSICK, 2004).

A anemia ndo regenerativa (perda de sangue owpmmigse inadequada),
neutrofilia e trombocitopenia foi verificado em w&o, consistente com uma resposta
ao estresse. Apos a esplenectomia, 0 cdo comeeapresentar uma anemia severa e
bacteremia (MacWILLIAMS & FURNEAUX, 1973) ja que asarreadores da infeccéo
podem desenvolver anemia hemolitica em condi¢cdestdesse ou imunossupressao.

Nos Estados Unidos, uma sindrome caracterizadgepa, anemia e eosinofilia
foi detectada em caes nao esplenectomizados suometh um leve estresse
experimental. A eosinofilia foi direcionada a inféo pelaH. canis ja que a presenca

de alérgenos e infeccbes foram descartadas naes tdst diagnostico. Os autores



33

demonstraram a bacteremia em 3 de 6 caninos esmarnezados (PRYOR &
BRADBURY, 1975).

Em um estudo de prevaléncia suico, ndo foi ideatifa uma associacao
estatisticamente significante entre a infeccaogleémoplasmas e a presenca de anemia
(WENGI et al., 2008), devido a reduzida prevaléri&i/l889). Embora em um estudo
com uma prevaléncia superior (14,3%; 28/182), acés entre a anemia e a infecgéo
também nao tenha sido significativa (ROURA et2010).

Nas alteracdes hematologicas, a contagem de itasdatais ndo varia entre os
animais infectados, no entanto, a contagem difeakpode apresentar uma discreta
diferenca entre infectados e ndo. Na fase agudie-g® observar reducao dos valores

de eritrocitos, hemoglobina e hematoécrito (LUMBSTP
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3 OBJETIVOS

3.1 Objetivos gerais
Avaliar a freqiéncia dos hemoplasmas em caninosésiitns através da técnica da
reacao da polimerase em cadeia (PCR) e correlacisniatores de risco para infecgao
e as alteragc6es hematoldgicas.

3.2 Objetivos especificos

» Determinar os fatores de risco para infeccdo dasopasmas caninos e felinos
em céaes a partir de dados clinicos com auxilioCR;P

» Verificar a presenca d€andidatusMycoplasma turicencis’ em caes;

* Identificar a relagcdo entre enfermidades que podamr concomitantemente

com a infeccao pelos hemoplasmas;

* Avaliar as alteracbes hematoldgicas e da bioquinsésica em cées

naturalmente infectados;

» Verificar as caracteristicas clinicas dos caestatios pelos hemoplasmas.



35

4 RESULTADOS E DISCUSSAO

Os resultados e a discusséao estédo apresentaftmsnado de artigos cientificos.
Cada artigo foi redigido e formatado de acordo esmormas técnicas das revistas as

quais serdo submetidos. Cada subtitulo correspmundeartigo.

ARTIGO 1

Identification, occurrence and clinical findings ofcanine hemoplasmas in Southern
Brazil.
Sera submetido a publicacdo no Journal of the AmaeriVeterinary Medical

Association (JAVMA).

ARTIGO 2

Hematological and biochemical aspects of natural fection of dogs byMycoplasma
haemocanis

Artigo submetido ao Veterinary Clinical Pathologyudnal



36

4.1 Artigo 1

Identification, occurrence and clinical findings ofcanine hemoplasmas in Southern

Brazil.

Stella de Faria Valfe Joanne B. Messi@kAndrea Pires dos Sanfpd.uiz Carlos
Kreutzd; Naila Cristina Blat Duda Ahmed Mohametd Alexander Welker Biondp

Félix Hilario Diaz Gonzéle%

DMV, MS, Faculdade de Agronomia e Medicina Vetaria, Passo Fundo University,
Campus | BR 285 Km | s/n, CEP 99010-970, Passo &;uRm Grande do Sul,
Brazil
® DMV, PhD, Dipl. ASVCP, Department of Comparativatobiology, School of
Veterinary Medicine, Purdue University, 725 Harns&treet, 47907, West
Lafayette, IN, United States
DMV, PhD, Department of Comparative Pathobiologychool of Veterinary
Medicine, Purdue University, 725 Harrison Streét9@7, West Lafayette, IN,
United States
9 DMV, PhD, Faculdade de Agronomia e Medicina Vei@ria, Passo Fundo
University, Campus | BR 285 Km | s/n, CEP 99010-9P@sso Fundo, Rio
Grande do Sul, Brazil
DMV, Faculdade de Agronomia e Medicina Veterinalasso Fundo University,
Campus | BR 285 Km | s/n, CEP 99010-970, Passo &;uRm Grande do Sul,

Brazil



37
" DMV, PhD, Department of Veterinary Clinical Patbgy, Federal University of
Parana, Rua dos Funcionarios, 1540, Curitiba, BaBuazil
9 DMV, PhD, Department of Veterinary Clinical Patbgy, Veterinary Medicine
Faculty, Federal University of Rio Grande do Sw, Bento Gongalves, 9090,
Porto Alegre, Rio Grande do Sul, Brazil
* Corresponding author: Tel +55 (54) 3316-8485, Fa% (54) 3316-8163

E-mail address:stellavalle@upf.b(S. F. Valle)

This manuscript represents a portion of a thesismsited by Dr. Valle to the
Universidade Federal do Rio Grande do Sul, ProgrdenR06s-graduacao em Ciéncias
Veterinarias as partial fulfilment of the requiremts for a Doctor of Veterinary

Sciences.

ABSTRACT

Objectives: To evaluate prevalence of canine and feline heasophs and risk factors
to hemoplasma infection in dogs from Brazil withspible identification of influence of
clinical status on hemoplasmas infection.

Design: cross-sectional study

Animals: 347 blood samples from household healthy and utihyealogs from
Veterinary Teaching Hospital at Passo Fundo Uniye(Southern Brazil) at moment
of presentation.

Procedures: Complete clinical records were obtained from daghnitted at the
veterinary hospital by diverse reasons. A convealio PCR to Mycoplasma

haemocanis ‘CandidatusM. haemominutum’, CandidatusM. haematoparvum’ and
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‘CandidatusM. turicencis’ were performed with an intern cahtoy conventional PCR
to canine GAPDH gene.
Results: The prevalence observed at the present study @:dfé (21/331) to both
hemoplasmas; 5.1% (17/331)Ntycoplasma haemocan@d 1.8% (6/331) to organism
closely related with felineCandidatusM. haemominutum’. The hemoplasma positive
dogs were older, living in private homes and hadtact with blood sucking arthropods
as ticks or fleas. Neoplasic diseases and contaatineound in consequence of dog
fight were correlated with infection although theluence of age and ticks exposure
could confuse the analysis result.
Conclusion and clinical relevancethe hemoplasma infection had a low prevalence in
south Brazil and the frequency aandidatusM. haemominutum’ was not according
with previously European studies were the seconéctkd hemoplasma more relevant
is the canine hemoplasm@dndidatusM. haematoparvum’. The clinical course of both
hemoplasma could not be determined at present stmdly the presumable low
bacteremia could cooperate with low sensibility detect the Candidatus M

haemominutum’ by conventional PCR.

Keywords: hemothropic mycoplasmaslycoplasma haemocaniBCR assay

INTRODUCTION

Hemotropic mycoplasmas (hemoplasmas) are pleonmr@micellular
bacteria that do not grow in conventional culturedm. These organisms parasitize
erythrocytes of several animal species (VENABLE &/EG, 1968; MESSICK &

HARVEY, in press WILLI, 2007). The hemoplasmas (formeifaemobartonellaand
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Eperythrozooh are classified within the class Mollicutes ané trenusMycoplasma
based on 16S rRNA gene (NEIMARK et al., 2001; ME3SEt al., 2002; TASKER et
al., 2003). In dogs, four hemoplasmas species lmean describedMycoplasma
haemocanis(MESSICK et al., 2002), Candidatus Mycoplasma haematoparvum’
(SYKES et al., 2004; SYKES et al., 2005FandidatusMycoplasma haemominutum’
(de MORAIS et al.,, 2006; ZHUANG et al.,, 2009) andahdidatus Mycoplasma
turicencis’(SANTOS, 2008).

Mycoplasma haemocanis found worldwide, having been first reported
in 1928 in Germany (PRYOR & BRADBURY, 1975). Althghu it appears that
‘Candidatus Mycoplasma haematoparvum’ infection is widely wulmited, both
convectional and real-time PCR assays for thisgi@anight also amplifyCandidatus
Mycoplasma haemominutum’ (KENNY et al., 2004; WEN&&lal., 2008; NOVACCO
et al., 2009; BARKER, 2010). To date, detection ‘@fandidatus Mycoplasma
haemominutum’ in dogs is limited to Brazil (de MOR& et al., 2008) and China
(ZHUANG et al., 2009), whereas the detection@andidatusMycoplasma turicencis’
was found only in a recent report from Brazil (SADS, 2008).

Transmission ofMycoplasma haemocaniby the brown dog tick
(Rhipicephalus sanguinegubBas been demonstrated experimentally (SENEVIRATNA
et al. 1973). However, the role of this tick inunal transmission d. haemocanisand
other hemoplasmas that infect the dogs is unkno®lwod transfusions (Mc
WILLIAMS & FURNEAUX, 1973; LESTER et al., 1995; MESCK, 2003; HARVEY,
2006), splenectomy (LUMB, 1957; BUNDZA et al., 197MacWILLIAMS &
FURNEAUX, 1973; LESTER et al, 1995; SYKES et ab02; SYKES et al., 2005),
iImmunosupression, concomitant clinical conditioRRYOR & BRADBURY, 1975;

KRAJE, 2001, de MORAES et al., 2006; TRAPP et2006, NOVACCO et al, 2010)
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and kennel-raised dogs (BAKER et al.,, 1971; PRYORBRADBURY, 1975;
KEMMING et al., 2004a; KEMMING et al., 2004b) haween recognized as risk
factors for M. haemocanisinfection. The risk factors associated witGanhdidatus
Mycoplasma haematoparvum’, Candidatus Mycoplasma haemominutum’ and
‘CandidatusMycoplasma turicencis’ infection in dogs has ne¢ investigated.

Severe anemia may occur following infection with haemocanisbut
more typically, a chronic infection is establish#étht is clinically unapparent. A
chronically infected dog may develop overt dise#dssplenectomized or immune
suppressed, and without appropriate treatment, tnoigh(LUMB, 1957; BUNDZA et
al., 1976; MacWILLIAMS & FURNEAUX, 1973; LESTER dil, 1995; MESSICK,
2004, KEMMING et al, 2004). Chronic infections alspay be exacerbated by
concurrent diseases such as ehrlichiosis (INOKUMA aé, 2006), babesiosis
(WRIGHT 1971; TRAPP et al., 2006) and septicemi@YPR & BRADBURY, 1975;
KRAJE, 2001; GREENE, 2006). Dysregulation of thenome response might explain
development of opportunistic infections in somaraals with the latent hemoplasmosis.
There is a paucity of information about the clihicaurse of disease in dogs infected
with ‘Candidatus Mycoplasma haematoparvum’. Only one report is oun the
literature of an infected dog with hemic neopldS¥KES et al., 2004) that developed
clinical signs related to anemia and mild bacteeefhe clinical course ofCandidatus
Mycoplasma haemominutum’ an@andidatusMycoplasma turicencis’ infection in the
dog is unknown; cases in which infection has beescdbed previously were in
asymptomatic animals (SANTOS, 2008; ZHUANG et 2009).

The polymerase chain reaction (PCR) is exquisitegnsitive for
detection of hemoplasma infection in dogs (MESSKKl., 1998). The same primers

used for the detection ®&fl. haemofelisand CandidatusMycoplasma haemominutum’
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in cats have been successfully use to amplify 8 rRNA gene of genetically related
species in the dog (BRINSON & MESSICK, 2001; BIRKEEUER et al., 2002;
MESSICK et al, 2001). Although a real-time PCR gssas developed foIcCandidatus
Mycoplasma haematoparvum’, the assay specificity m@ tested againsCandidatus
M. haemominutum’ (BAKER et al., 2010). Based ondiilgs in our laboratory, it
appears that cross-amplification between these iespeds possible (personal
communications?). A conventional PCR assay preljodsveloped for detection of
‘CandidatusM. turicencis’ in the cat was used also to amplifis species from dogs
(SANTOS, 2008).

The aim of the present study is to investigate fitevalence of
hemoplasmas in dogs in Southern Brazil using thaveational PCR to four
hemoplasmas species, to assess the risk factonsféotion based on the clinical data

and to molecularly characterize the hemoplasmdateso

MATERIALS AND METHODS
1. Sample collection
347 EDTA blood samples were collected from pet awdegs at the
moment of presentation to the Veterinary Hospifahe Passo Fundo University (HV-
UPF) and submitted for routine hematologic analysishe Laboratory of Veterinary
Clinical Analyses. After the routine blood screepirEDTA blood samples were
identified and aliquoted into microcentrifuge tubssd frozen at20°C The samples

were collected between September 2008 until Oct?0@e®.

2. Medical records
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The complete clinical data was obtained at the tihpresentation and
stored in a computerized database of HV-UPF. In&tion regarding breed, gender,
type of living condition (apartment, house, kenoefarm), age, outdoor access (free or
with the owner), history of the presence of fleasl/ar ticks, reproductive history,
contact with other animals (dogs, cats, horses @ls) and clinical status were

obtained from owners.

3. DNA extraction and controls
DNA samples were extracted from 200 pL of anticéaiga whole blood
and were eluted in 200 pL of elution buffer (GetieraCapture Column, Qiagen, West
Sussex, United Kingdom). Samples were stored &C-20til tested. In the extraction
process, a negative control (water) was include@viery ten samples extracted. To
check a presence of PCR inhibitors, a conventidh@R for the dog constitutive
GAPDH (glyceraldehyde-3-phosphate dehydrogenas®) gas performed on all DNA
samples (BIRKENHEUER et al., 2003). Negative samphere excluded from the

study.

4. Conventional PCR for the detectidtycoplasma haemocanesmd Candidatus
Mycoplasma turicencis’
The PCR assays for canine hemoplasmas were pedoand’urdue
University (School of Veterinary Medicine, Deparim@®f Comparative Pathobiology)
in all GAPDH positive samples. Initially, the samplwere tested favl.naemocanis
using the primers Mhf F1 (5" - GAC TTT GGT TTC GGIRAA GG - 3’) and Mhf R3
(5 — CGA AGT ACT ATC ATA ATT ATC CCT - 3'), the gae set used to detect

feline hemoplasm#l. haemofelisa genetically closely related species (BRINSON &
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MESSICK, 2001). Each reaction (25 ul) consisteduabclaved ultrafiltered water, 1x
Green GoTaq® Flexi Buffer (pH 8,5), 1.5 mM MgCtleoxynucleoside triphosphates
(dNTPs — dNTP Mix Promega, Madison, WI, USA) atoamcentration of 0.2 uM, 1.25
U of GoTaq® Flexi DNA Polymerase (Promega, Madis#, USA) forward and
reverse primers at a concentration of 10 uM eachtamplate DNA (5 pL). Positive
controls included DNA extracted from blood of naily infected dog. Negative
controls consisted of autoclaved ultra-filtered evaand an extraction negative control.
Cycling conditions were as follow: 95°C for 2 mifgllowed by 34 cycles of
amplification (45 seconds at 94 °C, 30 seconds3&Csand 30 seconds at 72 °C), and
final extension of 5 min at 72 °C in a Eppendorfsiéacycler gradient thermocycler
(Eppendorf Scientific, Inc., Westbury, NY).

To detect Candidatus Mycoplasma turicencis’, the PCR assay was
performed using the same primers, forward Mt1l (B'GT ATT CGG CAC AAA CAA
CT - 3’) and reverse Mt2 (5 — CGC TCC ATA TTT AANCC AA — 3’), developed
for the detection of this hemoplasma in cats (SASTE al.,, 2009). The reaction
condition was the same as those described abovd.fbaemocanisPositive controls
included DNA extracted from blood of naturally iofed dog. Negative controls
consisted autoclaved ultra-filtered and water etiwva negative control. Cycling
conditions were as follow: 95°C for 2 min, followbgt 29 cycles of amplification (45
seconds at 94 °C, 45 seconds at 55 °C and 45 seabii@ °C), and final extension of 5
min at 72 °C in a Eppendorf Mastercycler gradibetmocycler (Eppendorf Scientific,
Inc., Westbury, NY).

The PCR products were subjected to 1.5% agaros®ig&lhour at 100
V followed by ethidium bromide staining (1 pg/mLpdavisualization of amplified

products under UV light using Epi Chemi Il Darkro@bivP, inc., Upland, CA).
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5. Conventional PCR for amplification o€andidatusMycoplasma
haemominutum’ andCandidatusMycoplasma haematoparvum’

Given phylogenetic similarity betweenCandidatus Mycoplasma
haemominutum’ andCandidatusMycoplasma haematoparvum’, the PCR assay was
performed using primer forward CAL 1 F1 (5 — GCAA TGT GTC GCA ATC - 3)
and reverse CAL1 R3 (5 — GTT TCA ACT AGT ACT TTCC — 3); this primer set
will amplify both of these hemoplasmas (SYKES et aD05). The reaction at final
volume of 25 pL was the same describe above. Restontrols included plasmid
obtained from DNA extracted from blood of naturalifected cat and negative controls
consisted autoclaved ultra-filtered water extrattiegative control. Cycling conditions
were as follow: 95°C for 2 min, followed by 37 ogslof amplification (45 seconds at
94 °C, 45 seconds at 54 °C and 45 seconds at 72 ¥inal extension of 7 min at 72
°C in a Eppendorf Mastercycler gradient thermoay¢Eppendorf Scientific, Inc.,
Westbury, NY). If the presence of an amplified bamds equivocal, 1uL of PCR
products were reamplified using the same reactomalitions; thus the putative positive
results were confirmed. Again, ultra-filtered aléo® water was included as a negative
control to ensure that the absence of contaminadianng this process. The PCR
reamplifications products visualized as descrildzalva.

To promote the differentiation betweerCandidatus Mycoplasma
haemominutum’ andCandidatusMycoplasma haematoparvum’, the DNA from all
positive and suspicious samples were subjecteddecand PCR using the following
primers: forward (LH F1 3'- AGC GTT CTG GGA AAC TABG - 5’) and reverse
(LH R1 GAC AAA CGA TAT CTA TCA CA), which are spdat for the amplification

of ‘Candidatus Mycoplasma haemominutum’ (SANTOS, 2008). The teast
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conditions consisted of a PCR mixture of 1X GreeT&® Flexi Buffer (Promega,
Madison, WI, USA), 2,0 mM MgG} deoxynucleoside triphosphates (dNTPs) at a
concentration of 200 uM, primers at a concentratd®.4 uM, 1.25 U of GoTaq®
Flexi DNA Polymerase, template DNA (5 pL) and aldwed ultra-filtered water to a
total volume of 25 pL per reaction. Cycling conalits were as follow: one cycle of
95°C for 2 min, followed by 34 cycles of amplifiat (1 minute at 94 °C, 30 seconds at
53 °C and 44 seconds at 72 °C), and final extersfighmin at 72 °C (Messick, et al.,
unpublished data). The thermocycler used and thkiation of the PCR products was

similar to that previously described fiok. haemocanis.

6. Sequencing of 16S rRNA genes

To confirm the identity of PCR products, the contplsequence of 16S
rRNA gene was obtained from positive sampledtchaemocanisFor this, the PCR
using primers previously designed fiot. haemofelissDEAMHF F1 5- ATG CAA
GTC GAA CGG ATC TT — 3’ and DEAMHF R2 5'- TCC AATAG AAT GTT CAC
TC — 3’) was performed (SANTOS, 2008). The reactioanditions consisted in a PCR
mixture of 1X Green GoTag® Flexi Buffer (Promegaadison, WI, USA), 2,0 mM
MgCl,, deoxynucleoside triphosphates (ANTPs) at a cdraten of 200 uM, primers
at a concentration of 0.4 uM, 1.25 U of GoTaq® FIBNA Polymerase, template
DNA (5 pL) and autoclaved ultra-filtered water ttotal volume of 25 pL per reaction.
Cycling conditions were as follow: one cycle of @5dr 2 min, followed by 34 cycles
of amplification (1 minute at 94 °C, 45 second$&t°C and 1:30 min at 72 °C), and
final extension of 10 min at 72 °C. The PCR prodweere subject the 1% agarose gel
at same condition that has been describes abavenoplasmas. The almost complete

fragment of the 16SrRNA gene obtained was puriidatvith Zymoclean Gel DNA



46

Recovery Kit (Zymo Research, Valencia, CA, USA) aubmitted for sequencing at

Purdue Genomics Core Facility at Purdue Univergityest Lafayette, IN, USA).

7. Statistics

The prevalence and risk factors evaluations in tuobkort study, PCR
positive and negative dogs were considered. Thegodtal variables were compared
between PCR positive and negative dogs using Pearkbsquare Test and exact
Fisher's Test when the frequency of one those bbasastudied was between 1 and 5.
The estimatedddds Ratio(95% confidence interval) was determined using fzkeln
Haenszel Test. The median of age between hemoplpssitave and negative dogs was
performed using Mann-Whitney Test. Differences wearensidered statistically
significant if p < 0.05. For all statistics, the SPSS (Statisticatkage for the Social

Sciences) 15.0, 2006 (SPSS, Inc. Chicago, IL, Ug#g used.

RESULTS
1. PCR assays to hemoplasmas and prevalence of hesmaplafection

Of the 347 tested samples, 16 were negative for @ARNd therefore
excluded from the study. Conventional PCR testifithe remaining 331 samples for
hemoplasmas showed: 17 samples (5.1%) were pofii\nd. haemocanisloneand 6
samples (1.8%) were positive for eith€andidatusMycoplasma haemominutum’ or
‘CandidatusMycoplasma haematoparvum’, whereas 21 samples [6ixe postitive
for M. haemocanisand Candidatus Mycoplasma haemominutum’ oiCandidatus

Mycoplasma haematoparvum’.
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Sequencing of partial 16S rRNA gene products trexevamplified using
the CAL 1 primer set, revealed 6 products had 99%886 (AY150974) and 94 to 95%
(AY383241) identity to CandidatusMycoplasma haemominutum’ an€andidatus
Mycoplasma haematoparvum’, respectively. The paptiaducts were also compared
with theM. haemocanigAY150973) sequence, with an identification rat86 to 89%
with the latter organism. The identity of theser6ducts was also confirmed using a
PCR specific forCandidatusvl. haemominutum’.

No positive samples were obtained fo€ahdidatus Mycoplasma
turicencis’ and there were no coinfection of heraspias in these dogs. All negative
controls (extraction and reaction) tested were tega

The sequence analysis of the 16S RNA gene of thesamples revealed

100% of sequence identity k. haemocani$¢EF416568).

2. Samples and risk factors to hemoplasma infection

The mean age of dogs in this study was 4.67 yeang¢ = 16.97, min 4
months — max 17 years). The older dogs (7.16 yead range of 16.27) were
significantly (p< 0.05) more susceptible to hemepia infection than the younger dogs
(4.48 years and range of 15.42). Most dogs werale(®5.5%) and purebred (65.5%),
with no correlation between these factors and hdasopa infection. Among those
which were positive for hemoplasmas, 16 were feraalg seven were male; 10 were
crossbred and 13 were purebred.

Risk factors that were significantly associatechwiemoplasma infection
included older age (p< 0.005), raised in privatenbs (p< 0.005) without outdoor
access and with history of flea and tick expospre {.005). No significant association

was observed between hemoplasma infection andtiiee wariables (Table 1).
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Table 1. Risk factors for hemoplasma infection agsl living in Passo Fundo, southern

Brazil.
Vari Hemoplasmas Hemoplasmas Odds 95% IC P value
ariables " . :
positive negative Ratio
Vectors 1. 648-
Presence 5.4% (18/331) 41.1(136/331) 4.553 1'2 576 p=0.003
Absence 1.5% (5/331) 52% (172/331) '
Contact 0.174-
Contact 6.5% (18/278) 81.3%(226/278) 0.785 3 542 p=0.753*
Non contact 0.7% (2/278) 11.5% (32/278) '
Outdoor access 0.675-
No access 2.7% (9/328) 47.3% (155/328) 1.607 3 825 p=0.283*
Outdoor access 4.3% (14/328) 45.7% (150/328) '
Living
conditions 1.715-
= 5.2% (17/330) 86.7% (286/330) 4.807 p=0.003*
Private homes 1 g/ 5/330) " 6.4% (21/330) 13.475
Farm or kennel
Breed 0.281-
Crossbreed 3.0% (10/331) 31.4% (104/331) 0.663 1 562 p=0.347*
Purebred 3.9% (13/331) 61.6% (204/331) '
Gender 0.486-
Male 2.1% (7/331) 32.3% (107/331) 1.217 3'049 p=0.676*
Female 4.8% (16/331) 60.7% (201/331) '
Reproduction 0.069-
Intact dog 6.7% (22/330) 85.8% (283/330) 0.536 4 150 p=0.550*
Neutered 0.3% (1/330)  7.3% (24/330) '

* Fisher Exact Test

With respect to the risk factors assessed in teegmt study, those dogs

infested with fleas and ticks and living in housesre respectively 4.5 and 4.8 times

more likely to have hemoplasma infection comparcethbse which did not have these

risk factors.

While all samples tested folCandidatusMycoplasma turicencis’ and

‘Candidatus Mycoplasma haematoparvum’ were negative, it was passible to

determine the risk factors in dogs in the presermtys
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3. Clinical status in hemoplasma PCR positive dogs

In the present study, the samples were collectad fitogs admitted to the
Veterinary Hospital for various reasons; 82.4% loé dogs were considered to be
clinically ill based on their medical history andhygical examination. However, no
association was found between clinical status (aiimg versus healthy) and
hemoplasma infection in dogs (p< 0.05). Of 331 yed samples, 13.6% (45/330) had
some type of neoplastic disorder; seven of thegs ¢2.1%) were PCR hemoplasma
positive. The association between the presenceegplasic diseases and hemoplasma
infection was determined to be significant. In ttese of skin lacerations due to
fighting, four hemoplasma positive dogs (1.2%) wetentified, and the association

between this and hemoplasma infection was not ieeénfTable 2).

Table 2. Clinical status of sampled dogs and assmssof disease as risk factor for

hemoplasma infection.

. Hemoplasmas Hemoplasmas Odds 95% IC P value
Variables " : .
positive negative Ratio
Clinical
conditions 0 0.324- _ .
Unhealthy  5.7% (19/331) '0:/% 0223 3097 P=0.986
Healthy 1.20 (4/331)  (224/331)
' 16.3% (54/331)
srieosfﬁ—i'ea 2.1% (7/330) 11.5% (38/330) 4,5 0125+ o oo
Aboos 4.8% (16/330) 81.5% ' 083 P
(269/330)
Wound bite
WOURGDRE 1 206 (4/331)  87.9% 0.085-
ooenCe 579 (19/331) (291/331) 0277 907 P003%

5.1% (17/331)

* Fisher Exact Test and Mantel-Haenszel Test.

One dog that was PCR positive dog fer. haemocanishad been

splenectomized eight weeks prior to sampling duspienic cancer. This patient had
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normocytic, normochromic and non-regenerative aaesmssociated with chronic renal
failure as a result of co-occurrence of glomerupgmiis and pyometral. haemocanis
positives were also identified in immune suppressmgs including i) a dog undergoing
treatment with vincristine sulfate for a genitartsmissible venereal tumor (Sticker
Tumor), but showing no clinical signs of hemoplasnfaction and a other dog having
allergic dermatitis due to flea saliva on predrose for the control of itching at the
time the positive result was obtained. Two posititehes were pregnant, and despite
the fact that one of them had a dystocia, both daivilh to healthy puppies. No
organisms were seen on blood smears from infeaigsd. d

Of the positive samples, two were obtained fronlthgalogs admitted to
the Veterinary Teaching Hospital of Universidade Bigsso Fundo and housed in
separate kennels; however, they had contact witbratogs. Other diagnoses observed
among hemoplasma positive dogs included caninemgdi, trauma (hit by car),
idiopathic epilepsy, demodicosis and suspectedctioie by canine distemper virus

(Table 3.).
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Table 3. Characteristics of positive dogs by cotieeal PCR toM. haemocanigand

‘Candidatudvl. haemominutum’

Sample Age (years) Gendér Breed

Isolate  Diagnosis

06

38

28

42

55

61

69

120

137°

141

149

158

153

203

207

2.9

14

10

1.8

12.6

1.4

17

6.9

Crossbreed

Pinscher

Crossbreed

Poodle

Crossbreed

Crossbreed

Poodle

Crossbreed

Crossbreed

English
Cocker
Spaniel

Poodle

Chow-chow

Golden
Retriever

Crossbreed

Yorkshire

Mhc Pyometra

Mhc Idiopathic epilepsy

Mhc Venereal transmissible tumo

CMhm  Mammary Adenoma

Mhc Trauma and Dystocia

Mhc Trauma

Mhc Mange

Mhc Ulcerated Mammary
Neoplasm

CMhm Intervertebral Disc disease

Mhc Healthy

CMhm  Dystocia

Mhc Bite wound

CMhm  Pyometra

Mhc Testicular tumor

Mhc Gastritis




217 7.2
218 0.9
258 3

282 6.3
321 6.7
322 10
331 10
378 14

M
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Poodle CMhm  Pregnancy
Belgian CMhm  Canine Distemper
Shepherd

Fox Mhc Puerperal tetany

Crossbreed Mhc

Shar-Pei Mhc

Crosshreed Mhc

Boxer Mhc

Crosshreed Mhc

Healthy

Thoracic Mesothelioma

Wound Bite

Mast Cell Tumor

Perianal malignant neaplas

@ samples that were obtained 16S RNA sequence.

® CMhm samples was submitted do partial sequendgsisia

¢ gender: F (female) and M (male).

4 Mhc (M. haemocanjsand CMhm (CandidatusM. haemominutum’)

Sample 42 bone trauma automobilist accident samgl® was been submitted to
splenectomy before pyometra

DISCUSSION

The aim of this study was to determine the occueesf and risk factors

for hemoplasma infection in domestic dogs of sauthgrazil using conventional PCR.
In addition, the study assessed the clinical statusiaturally infected dogs and
correlated the infection with some diseases thatewwobable risk factors for the

infection. Most of the Brazilian studies publisheddate have investigated hemoplasma

infection in swine (GUIMARAES et al., 2007), domestats (MACIEIRA et al., 2008)
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and wild species (VIEIRA et al., 2009). While siaglase reports of hemoplasmosis in
Brazilian dogs are found in the annals of meetitiys,is the first in-depth investigation
of M. haemocanisnfection in dogs. In BrazilM. haemocani$ias already been detected
in the states of Rio Grande do Sul and Minas Gdrgigualitative assessment using
stained blood smear and southeastern region (Ra8a@oaPaulo and Minas Gerais) in
asymptomatic non-splenectomized dogs by converitie@® (BIONDO et al., 2009).
Coinfection with Babesia canisand other vector-borne diseases was also observed
(TRAPP et al., 2006). In all referenced studies,dhalyzed populations were small, not
allowing for the determination of risk factors. Ratly, M. haemocanishas been
reported in the state of Pernambuco, northeasteazilBin one out of 205 dogs
(RAMOS et al. 2010).

In this study, the prevalence (6.4%) was lower camag with that
obtained for southern France (WENGI et al., 2008)editerranean Europe
(NOVACCO et al., 2010), northern Tanzania and ha&d (BARKER et al., 2010) and
Barcelona in Spain (ROURA et al., 2010); but higbempared with prevalence rates
obtained for Switzerland (WENGI et al., 2008) amgban (SASAKI et al., 2008). The
difference between the prevalence rates obtainethenpresent study and in other
studies is due to the geographic and climatic tianaand to the type of sampled
population. This fact had already been detectddurope by NOVACCO et al. (2009)
and this possibility has not been ruled out forZidraecause of the climatic variation
across states, of which Rio Grande do Sul hasawedt temperatures. Because there
are no other studies in Brazil, it is not posstblsuggest that the low prevalence results
from different climatic conditions, as verified lfurope. In consonance with that, lower
winter temperatures have been suggested to bemdetarts of survival of the brown

tick (Rhipicephalus sanguineus given times of the year in the state.
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In a study published by Kemming et al. (2004b), fregjuency ofM.
haemocanisnfection was significantly higher in kennel dafyse to the survival of the
vector and the possibility of other modes of traission (e.g. oral and transplacental).
In our study, the low prevalence can be explaingdhe fact that dogs are kept in
private homes and few of them were from kennelseGihat the present study was not
designed with this purpose, we cannot state thahddedogs are more susceptible to
hemoplasma infection.

In China, ZHUANG et al. (2009) identified felineCandidatus M.
haemominutum’ by amplification of the 16S RNA geameng conventional PCR that
had a 99% similarity to the agent reported fornies. In Brazil, the only report of an
agent closely related t&€CandidatusM. haemominutum’ was that of a dog in the state
of Parana (BIONDO et al., 2009). By comparing tleguences of CandidatusM.
haemominutum’ and ofCandidatusM. haematoparvum’ published in the GenBank,
there is a difference of 17 base pairs between thedhsome difficulty in precisely
determining the agent involved only by the sequesfcthe 16S RNA gene. The fact
that we obtained a partial sequence hindered oatysia. However, our partial
fragment revealed 97-98% similarity t€andidatusM. haemominutum’ isolated in
felines and 94-95% withCandidatusM. haematoparvum’, allowing the identification
of an organism similar taCandidatusvl. haemominutum’.

The reamplification of PCR products was usefulha present study for
expanding the detection level a@andidatusM. haematoparvum’ and offandidatus
M. haemominutum’ and detecting the presence of species. Since these organisms
have a low blood loads in the other species we tingsizved that the association with
low bacteremia contributed to the necessity to theereamplification. False-negative

results were disregarded due to the fact thatnatezontrol was efficient in identifying
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the presence of DNA in the samples. In the studgyentional PCR was not sensitive
enough to detect both types of hemoplasma, suggethiat it is necessary to use a more
sensitive molecular technique such as real-time ,P&3Rused in most studies for the
detection of these hemoplasmas (KENNY, et al.,, 200/ENGI et al., 2007,
NOVACCO, et al.,, 2010; ROURA, et al., 2010). Noredlss, we opted to use
conventional PCR in our study because real-time BCRot widely available in our
setting.

The frequency oM. haemocanigfection was higher than that caused by
a similar agent toCandidatusM. haemominutum’ (1.8%). In addition, there are no
previous studies for comparison of these valuesm, as previously mentioned, this
is the first report on the prevalence of hemoplassm dogs in Brazil. Comparing the
prevalence rates with that of the organism sinidatCandidatusM. haematoparvum’,
most studies report a lower prevalence rate thanahivl. haemocanigNOVACCO et
al, 2010; ROURA et al., 2010; WENGI et al., 2008cept for KENNY et al. (2004),
who found the contrary after using real-time PCR.tHe present study, the lowest
prevalence for the organism similar t€andidatus M. haemominutum’ can be
attributed to the fact that the animals did notvslamy clinical signs of the disease and
that they had low bacteremia. In dogSahdidatusM. haematoparvum’ was detected
by quantitative PCR in a smaller amount (5.8 % 46d 2.1 x 1dcopies of DNA/mL)
than those found fdvl. haemocani§33 to 5.2 x 1®copies of DNA/mL) in Switzerland
(WENGI et al., 2008).

The prevalence ofCandidatusM. turicencis’ in particular, cannot be
elucidated in our study. Further studies must belaoted to explain the prevalence of
this organism in dogs and evaluated the ways ofsiméssion. The first report of

‘Candidatus M. turicensis’ infection in dogs was observed iauth Brazil by
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conventional PCR in 7 of 10 splenectomized dogsNBAS, 2008). The sequence
analysis of the PCR fragment was closely relatetth ¥aline hemoplasma and further
information about this infection in dogs was noplained.

The association between PCR-positive dogs and dhéct with other
animals, outdoor access, breed and gender waseetved in the present study. In line
with later studies, the significant associationwssn hemoplasma infection and
exposure to the brown tick, fleas, or both was olext The role of ticks in
hemoplasma infection has been discussed since BPTZENEVIRATNA et al., and
other studies has demonstrated that the presertbe ¢itk is a risk factor for infection
(ROURA et al, 2010). The information obtained frone clinical history of flea and
tick infestation of dogs was not enough to deteewimmether flea infestation, as occurs
with cats (HORNOK, et al., 2010), can be considexatsk factor for infection just as
tick infestation is.

Even though in the present study a very small amofidogs was from
or lived in commercial kennels, there was a coti@iabetween infection and living
conditions. In our case, dogs living in private lesmare more likely to have the
infection, even if they have limited access to #teet and little contact with other
animals. However, this can be a favorable envirarirfeg the survival of the vector and
for the dissemination of hemoplasma. This findings counter to other studies, which
found a positive correlation between kennel livargl hemoplasma infection (PRYOR
& BRADBURY, 1975; KEMMING et al., 2004b; NOVACCO «l., 2010). Owing to
the low prevalence obtained and to the fact thastrdogs investigated in the present
study lived in private homes, it was not possilbleheck the finding of these authors.
To define which factor could be more of a determintor infection, it would be

necessary to include a population of kennel dogs.
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Hemoplasma-positive dogs were older and this rigktok can be
attributed to the higher exposure to the tick, ddiion to lower immunity, as the
percentage of B lymphocytes and the immune martkextsdecrease with age (DATZ,
2010). Unlike the finding of a previous Europeandgt (NOVACCO et al., 2010) in
which the authors associated the fact that youdgegs were preferably infected by
hemoplasma with more intense physical activity amth their provenance from
kennels.

The clinical signs of hemoplasma infection are Ugyaerceived when
there is immunossupression or after splenectomyINBRN & MESSICK, 2001;
MESSICK, 2003; MESSICK & HARVEY, 2011). In the pexd study, no clinical signs
associated with hemoplasma infection were obserkivever, one splenectomized
dog, due to spleen cancer, had persistent nornepcydrmochromic and non-
regenerative anemia related to chronic renal filubne dog positive foiM.
haemocanisvas being treated with vincristine sulfate foransmissible venereal tumor
and did not show clinical signs of infection.

The presence of diseases can be regarded as cisk far hemoplasma
infection (PRYOR & BRADBURY, 1975; KRAKOWKA et al.1977; GETILLAT,
1981; ROURA et al., 2010) as in certain situatiinguma and critical diseases) there
may be immunossupression due to the action of oywskproduced by the tissues
(DATZ, 2010). In our study, of the positive dogd, Bad different diseases, but no
significant association was found between the pres®f non-infectious diseases and
hemoplasma infection. In the case of co-infectign dbher tick-borne diseases, as
verified by ROURA et al. (2010), there is a pogtigorrelation with hemoplasmosis.
Infections co-occurring with babesiosis (WRIGHT,719 KRAJE, 2001)Hepatozoon

canis (RAMOS et al, 2010), erlichiosis and septicemiasiofspecific etiologies may



58
block the reticuloendothelial system leading toeation and to the appearance of
clinical signs (LUMB, 1957; PRYOR & BRADBURY, 1975However, in the present
study, the presence of other tick-borne diseaseswhinvestigated. Further studies are
suggested to elucidate the role of co-infectiongh@ pathogenesis of hemoplasma
infection.

In an attempt to identify clinical conditions thatipport hemoplasma
infection in dogs, the relationship between infectand the presence of skin lacerations
resulting from fights between dogs was analyzeds Tinding is consistent with an
Japanese study, when most dogs (Tosa dogs) infegtéemoplasmas (25/37) had a
history of fighting episodes (SASAKI et al., 2008)s with the lack of studies
confirming the role of saliva in infection, our @bpgation will be a confounding bias
because the presence of ticks in dogs with skirr#&ions was observed. This
hypothesis was considered because, although tleiassn was positive, th©dds
ratio value regards the presence of fights as prote&dictor for hemoplasma infection.

Another clinical condition that could predisposehamoplasma infection
is the presence of neoplasias, both as a resgherhotherapy and of stress caused by
chronic diseases or paraneoplastic syndromes, wigdhce the number of immune
defense cells. The statistical analysis showedtkigatliagnosis of cancer is a risk factor.
However, as observed in the analysis of infectidath wkin lacerations, this correlation

between infection and neoplasias may be influehgeaige.

CONCLUSION
Our conclusion in the present study is that oldsgsdinfested with fleas
and ticks and which live in private homes are metsceptible to hemoplasma

infection. ldentification of the presence of arghwds in dogs confirms the assumption
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that such vectors play an important role in theselisination of infection. Contrary to
what several studies demonstrated, environmentalittons, such as living in kennels,
did not interfere with infection in our dogs. Netlaless, it may be suggested that dogs
which live in private homes without access to theeet can be more easily
contaminated by hemoplasmas. No dogs had clinigaksof hemoplasma infection,
and clinical disorders are not risk factors forectfon. Despite the association of dog
fights and the diagnosis of neoplasias, neitheiofawas a risk factor as a consequence
of a confounding bias that arose from the contatit arthropods and the age of dogs
that must be evaluate in others studies. The preseny also pointed out that
conventional PCR might not be the best diagnostethod for Candidatus M.
haematoparvum’ andCandidatusM. haemominutum’ considering that real-time PCR

is still necessary to determine the prevalenchedd¢ agents.
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4.2 Artigo 2

Hematological and biochemical aspects of natural fection of dogs byMycoplasma
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clinical signs are conditioned to factors suchhes degree of bacteremia, concomitant
diseases, immunosuppression and splenectomy. Theratarial findings (i.e.
hematological and biochemical parameters) on nlataaine hemoplasma infection
was not been investigated at most of canine herao@atudies published until now.
Objective: The aims of the present study were to evaluatdéneatological and blood
biochemistry parameters associated witycoplasma haemocanisnfection, to
investigate the relation between infection and dagmand to identify the variation of
laboratory parameters in infection.

Methods: A total of 313 blood samples were randomly obtdirsed assayed by
conventional PCR for detection of canie haemocanisDescriptive statistics and
univariate analysis were used to determine theetairon between positive status and
hematologic laboratory parameters, with a focuamemia.

Results: Counts of WBC, neutrophils, and monocytes wernii@antly correlated with
the hemoplasma infection. All other hematologicadl @iochemical parameters were
normal in infected animals.

Conclusions: Consistent with previous studies, anemic status ma correlated with
hemoplasma infection. The significant correlati@iween infection and WBC counts
was attributed to hemoplasma despite the fact ti@dt of the dogs did not present

concomitant inflammatory disease.

Key words: anemia, hemotropic mycoplasmas, PCV, WBC count

Introduction

The hemotropic mycoplasmas (hemoplasmas) are plgdnco

epicellular, organisms that do not grow in convamai culture media and can parasitize
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red blood cells of various specieSRecently, following 16S rRNA molecular genetic
studies, the hemoplasma species (previolsdemobartonellaand Eperythrozoohp
were renamed Mollicutes, genddycoplasma Mycoplasma haemocanigormerly
Haemobartonella can)shas a widespread distribution and was first reggbin 1928 in
Germany® To date, 3 hemoplasma species have been desénilsimhs: Candidatus
Mycoplasma haematoparvuin’ ‘Candidatus Mycoplasma haemominutufn’ and
‘CandidatusMycoplasma turicencis’.

The dog brown tickRhipicephalus sanguineoduss the identified vector
for M. haemocanis,both in naturdl and experimentdl transmission. Blood
transfusion’®  splenectom{*’  immunosuppression,  concomitant  clinical
conditiond*? and dog kennel rearifif **are suggested risk factors fdr haemocanis
infection.

The acute disease is characterized by severe hemahemia associated
with intense bacteremia:® Organisms in peripheral blood smears can be geadil
identified>™’, but clinical signs of chronic disease are notamept’'>'® The acute
disease can be apparent with concomitant splengctomimmunosuppression:***°
Chronic infection can be associated with concuri@riditions such as ehrlichiosis,
babesiosis, and septicemias of non-specific origin§hese opportunistic infectious
diseases could explain the lack of regulation failaf the immune response and the
subsequent development of the disease.

To date, most studies ®fl. haemocanignfection have evaluated risk
factors with little focus on laboratory results adkhical signs. Hematological and
biochemical findings are likely to vary and dep@&mdthe clinical stage of disease (i.e.,

acute or chronic).Reports on infection bjl. haemofelisn cats showed that anemia
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(evaluated by PCV) and the immunomediated anemiditon™ are not related ti.
haemocanisatural infectiorf:*?
The aims of the present study were to evaluateh#matological and blood
biochemical parameters Mycoplasma haemocaniefection as detected by PCR, to
investigate the relation between infection and aaerand to identify variation in

laboratory parameters during the course of theadesé dogs.

Materials and methods

A total of 329 EDTA blood samples were randomlytamed after routine
hematologic and biochemical blood screening foremmeary diagnosis. All blood
samples were obtained from dogs at the time of sslom for diverse clinical causes to
the Veterinary Teaching Hospital of the UniversifyPasso Fundo (HV-UPF) in the
period between August 2008 and September 2009l ¢ases, clinical parameters were
obtained by veterinarians and stored in the veteyilmospital database. The study was
approved by UFRGS and the UPF Research Ethics Cieemnhaving followed the
ethical principles for animal experimentation ofe tiBrazilian College of Animal
Experimentation (COBEA).

Samples consisted of approximately 5 mL of blooldnsitted to the laboratory
for hematological and biochemical analysis. Congletbod count (CBC), red blood
cell count (RBC), white blood cell count (WBC), ahdmoglobin were analyzed in a
semi-automated counter (CELM CC 530, Barueri, Saald? Brazil). Packed cell
volume (PCV) was evaluated by the microhematocathod (Microhemato, FANEM,
Séao Paulo, Brazil), and total plasma protein (TRB} determined by refractometry.
The mean corpuscular volume (MCV) and mean corpgastiemoglobin concentration

(MCH) were calculated. Blood smears were prepamed stained with Diff Quick
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(Instant Prov, Pinhais, Parana, Brazil) to perfdeukocyte differential counts and
estimated platelet counts on an optical micros¢@p@0x). The degree of anisocytosis
and polichromasia were determined by semi-quaivitamorphological method$.

For biochemical analysis, non-anticoagulated samplere centrifuged at 5000
g for 5 minutes for serum separation and refrigerabedil use. Albumin, urea,
creatinine, alanine aminotransferase, and alkatihesphatase were measured by a
semi-automated colorimetric method (Labquest, Lstlilgagnostica, Lagoa Santa, MG,
Brazil).

After blood screening, 500 puL of EDTA blood samplas frozen at -2°C in
Eppendorftubes. Total DNA was extracted from 200 pL of EDDfood with a
commercial kit, used in accordance with manufactsingrotocol (Generation Capture
Column, Qiagen, West Sussex, United Kingdom). ANAsamples were frozen at -
20°C until molecular analysis at the Departmen€Cofmparative Pathobiology (School
of Veterinary Medicine, Purdue University, IN). P@Rthe GAPDH (glyceraldehyde-
3-phosphate dehydrogenase) gene was performed iateamal control and to identify
PCR inhibitors* All negative samples from this PCR assay were inoluded in
subsequent PCR analysis.

To detectM. haemocanisa conventional PCR assay was performed using the
following primers: Mhf F1 (5- GAC TTT GGT TTC GGC CAA GG -'Band Mhf R3
(5 - CGA AGT ACT ATC ATA ATT ATC CCT' 3). These primers reliably detect
feline M. haemofelisa genetically closely related organi§mReaction with a final
volume of 25 pL consisted of ultrafiltered autoddvwater, 1x Green GoTaq Flexi
Buffer (Promega, Madison, WI, USA) (pH 8.5), 1.5 mMgCl,, deoxynucleotide
triphosphate (dNTPs) (Promega, Madison, WI, USA).atuM, 1.25 U of GoTaq Flexi

DNA Polymerase, primers (forward and reverse) atilDeach, and DNA template (5
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pL). All reactions included a positive control oNB. obtained from a naturally infected
dog and the negative control consisted ultrafilematoclaved water. Amplification was
accomplished as follows: 2 min at 95°C, followed3a#ycycles of amplification (45 sec
at 94°C, 30 sec at 53°C, and 30 sec at 72°C), iaadl éxtension for 5 min at 72°C,
using a thermocycler (Eppendorf Mastercycler Gnatdi€hermocycler, Eppendorf
Scientific, Inc., Westbury, NY). PCR products wesamalyzed by agarose gel
electrophoresis and visualized with UV light (Ephéni Il Darkroom, UVP, inc.,
Upland, CA, USA). To confirm the identity of posi# samples, the hemoplasma
universal primers set was used to amplify 16S RNARGR. The amplicon was purified
and sequenced to compare with sequences previdegbsited in GenBank.

For all hematological and biochemical variablessatiptive statistics were
calculated using statistical software (Excel 20@r ¥Windows and SPSS 15.0 -
Statistical Package for the Social Sciences forddlivs, SPSS, Inc. Chicago, IL, USA).
To analyze differences between laboratory parameted positive and negative PCR
samples, a Mann-Whitney test followed by a KolmageSmirnov test was performed.
For analysis of correlation between hemoplasmaciitie and anemia through PCV,
RBC count, and hemoglobin in EDTA blood sampledadaere dichotomized into
normal and below reference values, followed byRbearson Chi-square test and Fisher
Exact Test when appropriate. Additionally, all héohagic and biochemical values
were dichotomized into categorical variables onlihsis of normal and abnormal and
subjected to the Pearson Chi-square test and HiStesst Test when the value on the
contingency table was less than 5. Variables thatvsp < 0.05 were considered

significant.

Results
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Sixteen out of 329 initial samples were negatige the GAPDH gene in a
conventional PCR assay and were excluded fromttity sUsing conventional PCR for
M. haemocanis17 positive samples (5.13%) were observed. Altensubsequently
verified as positive by sequencing of the 16S RNAegyto confirm 100% similarity to
M. haemocanipreviously described in Eurofe.

The positive samples showed higher WBC countd)egrigegmented neutrophil
counts, and lower monocyte counts (p < 0.05) costpdo negative samples. All
hematologic parameters from positive samples wetleimthe reference range (Table
1).

In positive samples, anisocytosis and polychromastee observed in 23.5%
(4/17) and 47.1% (8/17), respectively, as evaluabgd the blood smear semi-
quantitative method. In anemic dogs (52.9% of pesisamples), nucleated red blood
cells characteristic of regenerative anemia weré olwserved. One sample with
nucleated red blood cells was obtained from a gglemized dog that was diagnosed
with splenic neoplasia 2 months earlier. The anemighat case was classified as
normocytic and hypocromic, ardycoplasmasp. organisms attached to erythrocytes
were not verified. At sampling this dog did not derstrate clinical signs compatible
with hemoplasmosis.

The dichotomized analysis showed that non-anenaiustoccurred in most of
the dog blood samples (188/331), and 9 of 17 pesiiogs (52.9%) were considered
anemic by PCV values. A correlation between positstatus and anemia was not
detected based on RBC, PCV, and hemoglobin values.

Not all cases had a complete set of biochemicalegal From a total of 313

blood samples, values of albumin and ALT were deiteed in 178 cases, creatinine in
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161 cases, urea in 204 cases, and ALP in 226 caéescorrelation between

M.haemocanipositive status and biochemical parameters waswodd€Table 2.).

Discussion

The present study aimed to identify the laboratiamgings in M. haemocanis
natural infection in samples obtained from houseltugs that had been admitted to a
veterinary teaching hospital for various reasorsmgitological and biochemical values
were compared with positive status that was detexchby conventional PCR with an
internal control GAPDH gene). Although most of the positive dogs werena@onga
significant correlation between anemia and positstatus was not verified. This
observation is in agreement with previous Europadies®??42°

In positive dogs, PCV, RBC, and hemoglobin valwese normal as compared
to reference values. Thus, in chronic and unappargfiection, anemia was not
identified in positive dogs, contrary to what issebved in feline hemoplasma infection.
In M. haemofelignfection, low regenerative anemia was identifiedhe beginning of
the infection and was concomitant with retroviraiseises such as feline
immunodeficiency virus (FIV) and feline leukemiarug (FeLV)?® In contrast, the
mechanism of anemia in hemoplasma positive dogsuisently unclear. A recent
English study failed to identify positive dogs in group with immune-mediated
hemolytic anemia using Coomb’s Té3tThis observation suggests that an unknown
mechanism causing anemia in hemoplasma infectiondags must be further
investigated.

The mechanism of clinical signs of hemoplasmactnda is similar to non-
hemotropic mycoplasmas. Like non-hemotropic mycaipkss, the severity of the

disease is dependent on the host immune respoms® there is auto-antibody
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production induced by infectioil. In hemoplasma infection, this condition was well
verified in dogs with autoimmune hemolytic anemanfrmed by Coomb’s positive
test'!® Likewise, the severity of clinical and laboratasigns is dependent on the
degree of parasitemia in the hemoplasma infecfi¢iar these reasons, we hypothesize
that low parasitemia in asymptomatic dogs in thesent study was insufficient to
induce clinical signs and the resulting aneffii.

Conventional PCR is a specific and sensitive agsaliemotropic mycoplasma
diagnosi&®, but it is not quantitative, as is real-time PGRevious studies that have
identified the blood loads of hemoplasma in dogsyiag at values greater than the
other canine hemoplasma, th@andidatusMycoplasma haematoparvui®? In the
present study, the quantitative PCR was not peddrnsmear evaluation was used to
identify the presence of the organisms in RBCsoBlemear evaluation did not detect
hemoplasma in RBCs in any positive dog, consistétit a low parasitemia state in
which the organism is not observEd\otably, most of the case studies published until
now have described acute infection only in immunpssssed or splenectomized dogs
that presented intense parasitemia in blood sniedrs.

The present study was the first to relate leulk®@drameters to hemoplasma
infection in dogs.M. haemocanigositive dogs had significantly higher WBC and
neutrophil counts than did negative dogs. Howewadlr,values were in the normal
reference range. This leukogram could be associatéd a chronic inflammatory
response induced by chronic infection in positivegsf® Concomitant clinical
conditions were not presented in the present stbdy, were found to make no
significant contribution to the leukocyte respondesipublished data). The only
previous reports regarding leukograms in hemoplagmaitive dogs discussed

persistent eosinophilia and anemia in experimetugs?
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No difference in biochemical parameters betweesitpe and negative dogs
was observed in the present study. Previous repbhawed low total plasma protein in
acute hemoplasma infection in dogs. Perhaps theerabd low prevalence of
hemoplasma infection in our sample partially expdathe absence of a relation on

biochemical and hematologic parameters.

Conclusion

The results of the present study indicate thatriatboy exams may not detect
hemoplasma infection in dogs. Contrary to the sibnmain cats, anemia status was not
related to hemoplasmosis, and the observed leukaegponse was associated with
chronic inflammation due t®1. haemocanisnfection. Further studies are needed to
investigate the influence dfl. haemocani®n canine erythrocyte metabolism and its

role in chronic hemoplasmosis.
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Table 1. Hematologic parameters (median and range) fidmhaemocanis(Mhc)

positive and negative blood samples and hematabggference range.

Mhc positive (n=17)
Parameter
Median (range)

Mhc negative (n=296)

Reference rangé
Median (range)

RBC (x10/uL) 5.6 (2.7-8.9)
Hemoglobin (g/dL) 12.5 (6.8-19)
PCV (%) 37.9 (20-57)
MCYV (fL) 69.7 (46.1-86)
MCH (%) 32.9 (29.7-35)
WBC (/uL) 16405.9 (5000-40900)

Bands (/uL) 78.5 (0-522)

Segmented (/uL) 13856.(3500-36810)
Eosinophils (/uL) 651.1 (0-2045)
Lymphocytes (/uL) 1614.7 (296-4064)
Monocytes (/uL) 205.6(0-492)
TTP (g/dL) 6.68 (4.4-8.8)

Platelets (x19pL) 292.13 (102-648)

5.7 (1.1-12.4) 4.9-8.3
13.4 (1.7-24.3) 2128.8
40 (6.0-73) 36.7-56.4
71.7 (6.7-144.5) 57.4-82.3
33.4 (25.3-49.3) 31.6-35.8
12651 (1300-62000) 4687-14815
89.5 (0-7032) 0-38

10001 (754-53606) 2484.6-10406.1

429.2 (0-6006) ™7

1585.9 (0-9324)  311.9-4105.2
538.4 (0-5580) 0-809.3

6.4 (3.2-11) 5.51-7.7
254.52 (20-696) 200-600

¥ Laboratory reference range obtained from healtigsd

* Significant difference indicated by Mann-Whitnegttdetween positive and negative

samples, p < 0.05.
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Table 2. Biochemical parameters (median and rang&yl.ilmaemocanigMhc) positive

and negative blood samples, number of dogs, arahéinical reference range.

Parameter Dogs  Mhc positive Dogs Mhc negative  Refemce
Albumin (g/dL) 11  28.8 (18-45) 167 30 (12-42) 26-33
Creatinine (mg/dL) 7 1.1 (0.7-3.8) 154 0.9 (0.4¥6.4 0.5-1.5
ALT (UI/L) 7 58 (19-275) 171 53.9 (14-292) 21-86
BUN (mg/dL) 11  54.3 (10-206) 193 425 (12-243) 2529

FAS (UI/L) 13 81.35(41-148) 213 111.6 (17-518)  20-156
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5. CONSIDERACOES FINAIS

O presente estudo referiu a primeira investigalgaérequencia e dos fatores de
risco para infeccdo pelos hemoplasmas em céesasil Bnde até o presente momento,
apenas dados referentes aos organismos que afstdslirms tém sido estudados.
Houve uma grande dificuldade em comparar os dagi@sentados, pois a maioria das
informacdes foi publicada em anais de congressogsoesultados eram baseados na
observacao dos organismos em esfregacos sanguoraoos.

Embora os resultados verificados no estudo tenfuanecido informacdes a
respeito da epidemiologia, diagnostico e condigieécas da hemoplasmose em cées,
ainda had muitos aspectos a serem avaliados e eomdas na infeccdo em caes no
Brasil. Acredita-se que através dessa primeirdagéd possa ser dada importancia para
0s estudos das doencgas transmitidas por vetores) palgas e carrapatos, no Sul do
Brasil.

Desde que o0s hemoplasmas s&o incultivaveis em mdm®s cultura
convencionais, o diagndstico preferencialmente devdeito através da PCR ou outras
técnicas moleculares. Para deteccdo desses organianPCR pode ser considerada o
“gold standard”, no entanto, a limitacao identiflaano presente estudo foi com relagcéo
a reducdo da sensibilidade para deteccdo em animssintomaticos e que
provavelmente apresentam baixa bacteremia. Essavalggo foi constatada pelo fato
da PCR convencional néo ter sido sensivel o sofeipara deteccdo dos hemoplasmas
felinos e do caninoCandidatusM. haematoparvum’. No caso d€dandidatusM.
haemominutum’, houve a necessidade de reampliisgsrodutos da PCR para que a
identificacdo dos caes positivos pudesse ocorteralente, a maioria dos estudos tem
considerado a PCR em tempo real para deteccdo domphasmas em caes
assintomaticos. Além da possibilidade do acompaehtonda quantidade de DNA do
organismo na circulacdo € uma técnica mais senpav@ deteccdo. Com relacédo a
especificidade, como 0s organismos sao muito semigl geneticamente, a construcao
das sondas € baseada na composicdo filogenétichetnsplasmas que afetam os
felinos. Uma das grandes limitagdes para a difukfsa técnica no Brasil € o custo
elevado.

Ainda com relacédo a deteccao diahdidatusM. haemominutum’ nos caes do
presente estudo, ainda ha necessidade de invésgyaclicionais para que se possa

diferenciar o organismo verificado do ja conheci@andidatusM. haematoparvum’. O
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sequenciamento do fragmento de 170pb demonstrouwstr mais similar (97-98%) ao
organismo que afeta os felinos do que cor@andidatusM. haematoparvum’. Apenas
com o resultado apresentado no primeiro artigo m@acomo sugerir ser 0 mesmo
‘CandidatusM. haemominutum’ que parasita os felinos ou tratarde uma nova
espécie em cdes. No Brasil, os relatos de infegeBn'‘CandidatusM. haemominutum’
sao mais consistentes do que pélarididatusvl. haematoparvum’.

O ‘CandidatusM. turicencis’ que ja foi detectado em cées egutmizados
nao pode ser verificado no presente estudo. A aisée resultados foi atribuida tanto
a baixa bacteremia, ja identificada em felinos,nua presenca do bacgo. Na infeccao
pelo M. haemocanigstudos da década de 1950 referem que o baco powsstator
protetor para infeccdo pelo hemoplasma. A PCR amigral falhou na deteccao desse
organismo em caes nao esplenectomizados e sugareassessidade da utilizacdo de
técnicas moleculares mais sensiveis para que mahtiago seja possivel de ser

realizado.

A baixa prevaléncia pode estar relacionada aod@populacdo amostrada e a
situagdo climatica. Até entdo, a maioria dos estudfere que cédes nascidos e mantidos
em canis eram mais predispostos a adquirir a iatedgo entanto, foi constatada uma
prevaléncia significativa em cdes domiciliados suge que mesmo sem ter contato
com outros animais e ndo possuindo acesso a laéeaao pode existir. Com essas
afirmativas, a hipétese de contaminacado intraudepiode ser considerada um fator de
infecc@o nesse caso. No entanto, ndo houve confcaeessa suposicdo que ha muito
vem sido discutida nos estudos da hemoplasmoséesn c

Assim como ja discutido em estudos americanos@peus, 0 carrapato marrom
€ o0 vetor da hemoplasmose em caes. No entanta a#l se conseguiu verificar o
papel da infestacao por pulgas na infecgcéo pelo®pkasmas caninos e felinos. Desde
gue em gatos, dVl. haemofelise ‘Candidatus M. haemominutum’ podem ser
transmitidos pela pulga, acredita-se que em c@ss\wes de transmissao também possa
estar ocorrendo. Para isso, deve-se consideranlea@do da presenca do DNA dos
micoplasmas nos vetores.

A condicdo imune do hospedeiro interfere no dedegmaento dos sinais
clinicos embora no presente estudo, a ausénciarddagao entre a situacao de doente
e a presenca de hemoplasma tenha sido verificadpaBto em felinos, a maioria dos

estudos relaciona a infeccdo com as doencgas netigvem cées ainda ha duvidas sobre
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quais as condic¢des clinicas sdo determinantesepafaccdo e o desenvolvimento dos
sinais clinicos. Os estudos avaliando as condigiesoldgicas dos cées infectados
naturalmente devem ser conduzidos.

A transmissdo pela saliva, determinada pela prasdeclaceracfes cutaneas
ocasionadas por interagdo animal, ja havia sidetifitada, no entanto, a maioria dos
estudos apenas considera os fatores isolados egpretacdo dos resultados. A
interferéncia de dois fatores que fortemente cokabopara infeccdo como a idade
avancada e a presenca de contato com vetores podemaioria das vezes, ocasionar
interferéncia nos resultados levando a interpreseguivocadas.

Na patologia clinica, as variagbes dos parameidiospodem sugerir a presenca
de infeccdo. Uma vez que os sinais sao inaparentglgumas vezes inespecificos
(anorexia e hipertermia), tais exames nao auxil@nclinicos na determinacdo da

hemoplasmose na fase cronica.
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