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RESUMO

A erliqguiose é uma hemoparasitose distribuida mundialmente causada, geralmente, pela
proteobactéria intracelular, Ehrlichia. spp, que infecta leucdcitos e plaquetas, formando corplsculos
de inclusdo denominados de morulas. A identificacdo das inclusdes em exame direto de esfregago
sanguineo tem baixa sensibilidade diagnostica devido ao pequeno nimero de células parasitadas. O
sangue ¢ a principal fonte de DNA utilizada para a reagdo em cadeia pela polimerase (PCR), ndo
havendo avaliacdo da eficiéncia de fracOes celulares sanguineas no diagnostico apesar do patdgeno
infectar mais de um tipo celular. Desta forma, este trabalho teve como objetivo determinar a
eficiéncia do sangue e de suas fragdes como fonte de DNA para a nested PCR (nPCR), além de
indicar a frequéncia dos agentes etioldgicos implicados na erliquiose canina em duas localidades da
regido Nordeste do Brasil. A amostra de 22 cdes com sintomatologia clinica sugestiva de erliquiose
foi proveniente da rotina medica dos Hospitais Veterinarios da Universidade Federal Rural de
Pernambuco (UFRPE), da Universidade Federal de Campina Grande (UFCG) e do Centro Médico
Dr. Leonardo Torres, localizados nos municipios de Recife (PE) e Patos (PB). O DNA foi extraido
de sangue total (ST), mononucleares (M), granuldcitos, papa leucocitéria (PL) e coagulo sanguineo
(CS). Na pesquisa direta de hematozoarios, 36,4% apresentavam morulas sugestivas de E. spp. Pela
nPCR, a ocorréncia foi de 46,6% (7/15) para E. canis e de 6,6% (1/15) A. platys. Co-infeccdo com
A. platys e E. canis foi evidenciada em um animal. DNA do patoégeno foi amplificado em 71,4%
(15/21) das amostras de sangue total, 1,78% (3/19) de granulécitos, 31,57% (6/19) de
mononucleares e 30% (6/20) de papa leucocitaria. A nPCR das amostras de ST ndo apresentou
diferenca estatisticamente significativa (p<0,05) quando comparada com as amostras de M, PL,G e
CS, indicando ser o ST a melhor fonte de DNA para a identificacdo de Ehrlichia. Vale salientar que
essa € a primeira evidéncia molecular do envolvimento de A. platys em infecgdo em cdes no Estado
da Paraiba.

Palavras chave: Erliquiose, reagdo em cadeia pela polimerase, diagndstico, sangue.
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ABSTRACT

Canine ehrlichiosis is a widespread disease and usually caused by an intracellular proteobacteria,
Ehrlichia spp, that infects white blood cells and platelets, forming inclusion bodies called morulae.
Inclusion identification in blood smear is routinely used in veterinary medicine, but the sensitivity is
low due to small number of parasitized cells. Peripheral blood is the main DNA source used for
polymerase chain reaction (PCR) and there is no data on the effectiveness of different blood cell
fractions, since the pathogen may infect different cell types. This study aims to determine the
efficiency of blood and its fraction as source of DNA for nested PCR and to identify the etiological
agents in two cities in Brazilian Northeastern Region. Twenty-two dogs were selected according to
their clinical signs at the Veterinary Teaching Hospitals from Universidade Federal Rural de
Pernambuco (UFRPE) and Universidade Federal de Campina Grande (UFCG), and from the Dr.
Leonardo Torres Veterinary Medical Center, in Recife (PE) and Patos (PB), respectively. DNA was
extracted from whole blood (WB), mononuclear (M), granulocytes (G) buffy coat (B) and blood
clot (C). By direct examination of blood smear, 36.4% were positive to intracellular inclusions of E.
spp. DNA was amplified in 71.4% (15/21) of whole blood, 1.78% (3 / 19) of granulocytes, 31.57%
(6 / 19) of mononuclear cells and 30% (6 / 20) of buffy coat samples. The occurrence was 46.6% (7
/ 15) for E. canis and 6.6% (1 / 15) for A. platys and one animal was infected with both A. platys
and E. canis. The results indicated that WB is the best source of DNA for Ehrlichia identification. It
is worth mentioning that this is the first molecular evidence of the involvement of A. platys
infection in dogs in the State of Paraiba.

Key words: Ehrlichiosis, polymerase chain reaction, diagnostic, blood.
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1 INTRODUCAO

Erliquiose € uma hemoparasitose distribuida mundialmente que acomete caninos, outras
espécies domésticas e silvestres e 0 homem, sendo a infecgdo mais comum entre as transmitidas por
carrapatos aos caes. A erliquiose canina é causada pela Erhlichia spp., uma protobactéria Gram-
negativa do subgrupo a, intracelular obrigatéria (ALMOSNY, 2002)., que infecta células de
mamiferos e invertebrados formando corpusculos de inclusdo, as mdrulas. Estas fornecem um
ambiente favoravel para a sobrevivéncia da bactéria (DAGNONE, 2009).

A ocorréncia natural de agentes da Familia Anaplasmataceae (E. canis, E. chaffeensis,
Anaplasma platys, A. phagocytophilum, E. ewingii, Neoricketssia risticii e N. senettsu) em cées no
Brasil ainda ndo esta bem estabelecida (DAGNONE, 2006). Sabe-se que E. canis € a principal
espécie encontrada no pais e ja foi relatada em quase todas as regiGes (DAGNONE et al., 2003;
LABRUNA et al., 2007).

O diagnostico da infecgdo inclui a visualizagdo microscopica de morulas, cultivo, sorologia e
a reacdo em cadeia pela polimerase (PCR). A deteccdo de moérulas de E. canis é incomum, exceto
na fase aguda da infeccdo (HIBBLER et al., 1986), sendo dificil mesmo em amostras
sorologicamente positivas (OLIVEIRA et al., 2000), pois a presen¢a de anticorpos ndo indica
necessariamente uma infeccdo presente, podendo estar relacionada a uma exposicdo prévia ao
agente.

A amplificacdo através da nested PCR de genes como 0 16S do RNA ribossémico (rRNA),
dsb e daquele que codifica a proteina p28 é o método mais sensivel e especifico (IQBAL et al.,
1994), pois permite determinar a espécie infectante, bem como a presenca de co-infec¢do por duas
ou mais espécies. O sangue total é utilizado como fonte de DNA para a reacao, pois a sua obtengao
é pouco invasiva. Apesar deste conter as células passiveis de infeccdo, ndo ha dados sobre a
possibilidade de aumento da sensibilidade do ensaio ao serem utilizadas fragdes celulares, uma vez
que espécies da Familia Anaplasmataceae podem infectar, preferencialmente, uma determinada
célula, como é o caso da Anaplasma platys.

Diante do exposto, o objetivo deste trabalho foi avaliar a eficiéncia da nested PCR a partir do

sangue total e de suas fracbes como fonte de DNA no diagndstico de erliquiose canina.
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2 REVISAO BIBLIOGRAFICA

2.1 Género Ehrlichia

O género Ehrlichia pertence a familia Anaplasmataceae e a ordem Rickettsiales. A ordem
Rickettsiales e outras protobactérias possuem uma relacdo evolucionaria com os progenitores das
mitocondrias (ANDERSSON et al., 1998). A familia Anaplasmataceae, ainda pertencem 0s géneros
Anaplasma, Neorickettsia e Wolbachia.

Anteriormente, as erliquias eram classificadas de acordo com a célula sanguinea comumente
infectada (granuldcito, linfécito, mondcito ou plaqueta). Entretanto, esse tipo de classificacdo foi
considerada impropria porque a mesma espécie de Ehrlichia pode ser encontrada em outras células
que ndo a principal célula-alvo (COHN, 2003).

A utilizagdo da PCR, seguida do sequenciamento, permitiu novos agrupamentos e
classificacdes taxondmicas das erliquias (DAGNONE et al., 2001) as quais estavam sendo
agrupadas em trés diferentes genogrupos: 1- Grupo da Ehrlichia canis e de outras erliquias
semelhantes transmitidas por carrapatos como a E. chaffeensis, E. ewingii, E. muris e a Cowdria
ruminantium; 2- Grupo da E. phagocytophila, compreendendo erliquias também transmitidas por
carrapatos como a E. equi, o agente da erliquiose granulocitica humana (Anaplasma
phagocytophila) e a E. platys e 3- Grupo dos parasitas das fasciolas, como a E. sennetsu
(ETTINGER & FELDMAN, 2000).

Andlises por meio de PCR e sequenciamento do gene 16S rRNA e do operon groESL,
reforcadas por caracteristicas biolégicas e antigénicas, tém permitido nova classificacdo e
agrupamentos em genogrupos das espécies de erliquias encontradas em varias regides do mundo
(DUMLER et al. 2001; DAGNONE et al., 2001). As modifica¢bes ocorridas na classificacdo de

algumas espécies de erliquias sdo mostradas na tabela 1.
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Tabela 1 - Espécies de Ehrlichia de acordo com a classificacdo antiga (coluna a esquerda) e a atual
(coluna a direita).

Classificacdo antiga Classificagéo atual
Ehrlichia canis Ehrlichia canis
Ehrlichia chaffeensis Ehrlichia chaffeensis
Ehrlichia platys Anaplasma platys
Ehrlichia equi Anaplasma phagocytophila
Ehrlichia phagocytophila Anaplasma phagocytophila
EGH Anaplasma phagocytophila
Ehrlichia bovis Anaplasma bovis
Ehrlichia ewingii Ehrlichia ewingii
Ehrlichia sennetsu Neorickettsia sennetsu
Ehrlichia risticii Neorickettsia risticii
Ehrlichia muris Ehrlichia muris
Cowdria ruminatium Ehrlichia ruminatium

Fonte: Dumler et al. (2001).

De acordo com a classificagdo mais recente, 0 genogrupo 1 mantém o nome genérico
Ehrlichia, enquanto membros do genogrupo 2 mudaram de Ehrlichia para Anaplasma e membros
do genogrupo 3 tornaram-se Neorickettsia (MACHADO, 2004).

Uma caracteristica comum nos genomas dos géneros Ehrlichia, Rickettsia, Anaplasma e
Wolbachia é a presenca de uma Unica copia dos genes rRNA (5S, 16S e 23S), com 0s genes 5S e
23S formando um operon separado por 0,8 Mb do gene 16S. Essa caracteristica ndo é comum para
genomas bacterianos 0s quais tipicamente possuem de uma a multiplas copias do rRNA em um
operon 16S-23S-5S (MAVROMATIS et al., 2006).

As principais proteinas da membrana externa (OMPs) sdo importantes na diversidade
antigénica entre cepas da mesma espécie (OLIVEIRA, 2008). Membros da familia
Anaplasmataceae possuem variagdes antigénicas na familia dessas proteinas. A maior variacao
ocorre nos géneros Ehrlichia e Anaplasma. Estes organismos ndo séo transmitidos transovariamente
por seus hospedeiros artrépodes de forma que carrapatos s6 se infectam ao se alimentarem em um
hospedeiro vertebrado infectado (HOTOPP et al., 2006).
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2.2 Epidemiologia

Em Belo Horizonte, Costa et al. (1973) relataram pela primeira vez a doenga no Brasil.
Moraes et al. (2002) estimaram prevaléncia de 20 % nos Estados do Parana, Bahia, Rio de Janeiro,
Santa Catarina, Séo Paulo, Rio Grande do Sul, Minas Gerais, Ceara, Alagoas, Pernambuco, Mato
Grosso do Sul e Distrito Federal. Posteriormente, em 2003, Labarthe et al. (2003), em um inquérito
com 2533 cées destes Estados, detectaram 19,8% de sororeagentes para E.canis, confirmando a
estimativa anterior.

A prevaléncia de E.canis no Brasil varia de 0,12 a 92,31% dependendo da populacéo estudada
e do método de diagndstico utilizado (OLIVEIRA et al., 2000; MOURA et al., 2002). Em zona
rural poucos estudos tém sido realizados e a epidemiologia da erliquiose canina € pouco
conhecida. Baseados em esfregagos sanguineos, dois estudos relataram uma prevaléncia de 4,8% e
5,9% em areas rurais nos estados do Rio de Janeiro (RJ) e Minas Gerais(MG), respectivamente (O’
DWYER, 2000; RODRIGUES et al., 2004). Entretanto, a prevaléncia para E .canis aumentou para
44,7% em Minas Gerais quando realizada sorologia, (COSTA-JR et al., 2007) sendo muito superior
a relatada para animais que vivem na zona urbana e suburbana no Sul do Brasil (23%) (TRAPP et
al., 2006).

Apenas um estudo foi realizado demonstrando-se o diagnéstico de E.canis em areas rurais do
Brasil, por teste soroldgico. Este estudo foi realizado no municipio de Monte Negro (Rondénia) por
meio de imunofluorescéncia indireta e foi observada uma prevaléncia de 24,8% de cdes infectados
(AGUIAR et al., 2007)

A prevaléncia de E. canis, pela técnica de PCR no Brasil, foi de 21% no Parana (DAGNONE
et al., 2003), 40% em Botucatu (UENO et al., 2009), 30.9% em S&o Paulo (BULLA et al., 2004) e
15% no Rio de Janeiro (MACIEIRA et al., 2005). Alguns estudos também tém diagnosticado A.
platys como causadora de erliquiose canina, com prevaléncia entre 15,84% até 55% (FERREIRA et
al. 2009; DAGNONE et al. 2009; RAMOS et al. 2009) apesar da ndo ser considerada a principal
espécie envolvida na ocorréncia da erliquiose entre caes. Este fato difere do observado em paises
como Chile e Japdo que apresentam A. platys como o principal agente da erliquiose canina (
ABARCA et al., 2007; MOTOI et al. 2001).

A utilizacdo da técnica de PCR aponta a baixa sensibilidade do diagndstico parasitoldgico
direto e, por outro lado, as discrepancias nos varios inquéritos soroldgicos sugerem que reagdes
cruzadas podem ser frequentes, dependendo da técnica e dos Kits utilizados ou ainda em relacao a

regido estudada.
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2.3 Patogenia

Trés principais espécies estdo envolvidas na ocorréncia da erliquiose canina: a E. canis, que
parasita principalmente mondcitos e causa a doenca com maior severidade (Erliquiose Monocitica
Canina-EMC); a E. ewingii que infecta granuldcitos e produz uma infec¢do subclinica (Erliquiose
Granulocitica Canina-EGC) e a A. platys que se multiplica em plaquetas de cédes causando a
trombocitopenia ciclica canina (BOOL, 1957). Recentemente Oliveira et al. (2009) relataram a
primeira evidéncia molecular, na América do Sul, de infeccdo canina provocada por E. ewingii .

Ehrlichia e Anaplasma spp podem ser mantidas através de um ciclo enzo6tico entre animais
silvestres e carrapatos sugadores e podem, acidentalmente, infectar os seres humanos e 0s animais
domésticos (RIKIHISA, 2003).

O agente causador da erliquiose granulocitica humana (EGH) também pode infectar
naturalmente varias espécies animais; da mesma forma, a erliquiose monocitica canina pode ser
patogénica para seres humanos. Os organismos causadores de erliquiose humana séo
microscopicamente indistinguiveis daqueles que acometem os animais (WILLIAMS, 2001) e a
analise do gene 16S rRNA indica que E.canis e E. chaffeensis (agente da erliquiose monocitica
humana) apresentam 98,2% de homologia (ANDERSSON et al. , 1991).

Na Venezuela, houve um relato recente de casos clinicos de erliquiose humana causada por
E.canis, indicando que este agente pode causar infec¢des zoonoticas (PEREZ et al., 2005).

Embora a infeccdo natural com E. ruminatium ndo tenha sido relatada, quando
experimentalmente infectados, os cdes ndo desenvolveram nenhuma sintomatologia clinica, mas
apresentaram PCR positivo apos trés semanas (KELLY et. al. 1994). Allssop & Allssop (2001)
identificaram, por PCR, 72% de positividade para E. ruminantium a partir de amostras de cdes com
e sem sintomatologia clinica sugestiva; esses animais haviam sido negativos em PCR especifica
para E. canis.

Como os antigenos dominantes de E.canis e E. ruminantium possuem epitopos que oferecem
reacdo cruzada, a diferenciacdo desses dois organismos em areas nas quais eles coexistem, pode nao
ser possivel (MATTHEWMAN et. al., 1994). A partir do sequenciamento do genoma de E.
ruminantium foi possivel verificar a presenca de vias metabolicas muito semelhantes ao descrito
para E.canis (OLVEIRA, 2008). Como E. ruminantium ainda ndo foi isolada de cées naturalmente
infectados, ndo é possivel inferir que é responsavel por sintomas referentes a erliquiose, embora a
ocorréncia de casos semelhantes ao descrito por Allsop e Allssop (2001) sugira que sim.

A transmissdo da doenca se da através da saliva do carrapato quando este realiza o repasto

sanguineo no animal (MACEDO & LEAL, 2005) e diferentes espécies sdo capazes de transmitir a
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infeccdo. Normalmente, o padrdo de distribuicdo geografico das varias espécies de erliquias esta
relacionado & distribuicéo dos vetores. Infec¢bes simultdneas com varios patégenos transmitidos por
carrapatos sao possiveis e podem contribuir para o quadro clinico inespecifico em caes (EWING et
al., 1971). Também um mesmo vetor artropode pode servir como transmissor de varios géneros e
espécies (DAGNONE, 2006).

E. canis, usualmente, é disseminada pelo carrapato vermelho do cdo, Rhipicephalus
sanguineus, que também transmite E. ewingii e, provavelmente, Anaplasma platys; além de estar
envolvido na transmissdo de Babesia canis e B. gibsoni (COHN, 2003; PREZIOSI & COHN,
2002). Carrapatos do género Ixodes sdo competentes vetores na transmissdo de A. phagocytophila,
bem como Borrelia burgdorferi e B. microti (PREZIOSI & COHN, 2002). Infeccdo concomitante
com outros patdgenos transmitidos por carrapatos tem sido bem documentada por varios
pesquisadores (RAMOS et al. 2009; DAGNONE et al. 2009; DAGNONE et al. 2003;
SUKASAWAT et al. 2000; SUKASAWAT et al. 2001; KORDICK et al., 1999; HUA et al., 2000;
BREITSCHWERALT et al.,1998).

Os membros da familia Rickettsiacea se replicam diretamente no citosol de células endoteliais
enquanto os da Anaplasmataceae se replicam em vacuolos derivados da membrana celular das
células infectadas, que sdo principalmente mondcitos e macréfagos caninos (OTEO & BROUQUI,
2005). Os mecanismos que levam ao estabelecimento e manutencdo das mérulas dentro das células
hospedeiras, e pelos quais as erliquias infectam diferentes tipos celulares, sdo diversos e ainda
permanecem pouco conhecidos (TENG et al., 2003).

Devido a localizagdo intracelular, esses microorganismos dificultam a atuacdo do sistema
imune e a resposta humoral torna-se ineficiente. Sugere-se que a resposta imune humoral ndo possui
um papel importante na defesa do organismo contra essas infecgdes, ao contrario, hipdteses indicam
que ela possa contribuir para a patogénese da doenga ja que a grande producao de anticorpos pode
gerar deposicdo de imunocomplexos (HARRUS et al.,, 1997). Alguns estudos indicam que a
resposta imune tipo Thl, caracterizada pela produgéo de INF-y, TNF-a e IL-2, direcionando para o
perfil dos mecanismos da imunidade celular, € o componente predominante da resposta imune a
infeccdes erliquiais (HARRUS et al. 1999).

A defesa do organismo depende quase que exclusivamente da resposta celular para eliminagédo
do agente. Dessa forma, as terapias antimicrobianas tém sua eficacia bastante reduzida (HOLLAND
et al., 1985; HARRUS et al., 1997; COHN et al., 2003; PADDOCK et al., 2003). Os mecanismos
que impedem a fusdo de lisossomos aos endossomos que abrigam 0s microorganismos ainda ndo
estdo claramente definidos (HOLLAND et al., 1985; ARRADA-ALVARADO et al., 2003; COHN
etal., 2003; PADDOCK et al., 2003).
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Em determinadas fases da infecgdo, quando as amostras sanguineas tém resultados negativos
de PCR, é possivel detectar os organismos em outros locais como bago e figado. A evasdo da
circulacdo tem como objetivo evitar a resposta imune. Estudos recentes sugerem que as espécies do
género Ehrlichia migram para tecidos conectivos densos (fascias e seus musculos). Outra hipotese €
que, mesmo que as espécies granulociticas sejam mais comumente observadas em células
granulociticas, elas persistam em células mononucleares de vida longa (EGENVALL et al., 2000).

Nakaghi et al. (2008) em estudo com 30 cées caracterizou como sintomatologia clinica mais
frequente o surgimento da apatia, anorexia, mucosas palidas, febre, linfadenopatia, hepatomegalia
e/ou esplenomegalia, hemorragias como petéquias e epistaxe e uveite . Alguns sinais clinicos ndo
sdo observados, especialmente em formas atipicas da doenca, quando causadas por outras espécies
diferentes da E.canis (COUTO et al., 1998; INOKUMA et al., 2000).

O curso dos sinais clinicos depende da espécie de Ehrlichia, entretanto a doenga esta
caracterizada por uma leucopenia e trombocitopenia entre 10 a 20 dias ap6s a infeccdo (ETTINGER
& FELDMAN, 2000). Bulla et al. (2004) identificaram a trombocitopenia como sendo importante
indicador de triagem para o diagnostico de erliquiose em cédes. Outros autores também tém relatado
a correlacdo da diminuicdo no numero de plaquetas com a ocorréncia de erliquiose (SANTOS et al
2009 ; UENO et al. 2009).

VariagOes na etiologia, susceptibilidade do hospedeiro, heterogeneidade da amostra e a ndo
inclusdo da erliquiose no diagndstico diferencial sdo fatores que contribuem para a natureza confusa
dos sinais clinicos da erliquiose (COUTO et al., 1998; INOKUMA et al., 2000).

2.4 Diagnostico

O diagndstico é realizado através da combinacdo de indicadores clinicos e hematoldgicos,
evidéncias soroldgicas e confirmagdo molecular (ESTEVES, 2007).

O encontro de inclusGes intracitoplasméaticas ou morulas em esfregagos sanguineos pode ter
valor diagnéstico (DUPLESSIS et al., 1990), porém, morulas podem ndo ser observadas em varios
casos, mesmo quando confirmados por outros critérios diagndsticos (ELIAS, 1992; MASSUNG et
al.,, 1998). A baixa sensibilidade do diagndstico direto vem sendo relatada por diversos autores
(RAMOS, 2009;NAKAGHI 2008;MASSUNG et al., 1998; ELIAS, 1992). As morulas de E. canis
sdo dificeis de serem detectadas porque o organismo esta presente em baixas concentracdes (TROY
et al., 1980; DUPLESSIS et al., 1990) e a proporcdo de células infectadas pode ser menor do que
1% (COWELL et al., 1988). Em um estudo realizado em cées com infecgdo por E. canis na fase

aguda da doenca, apenas 4% dos esfregacos tiveram a presenca de mérulas (WOODY; HOSKINS,
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1991). Nakaghi et al. (2008) visualizaram inclusdo intracitoplasméatica em apenas 3,3% dos
esfregacos sanguineos analisados. Apesar disto, resultados acima de 60% s&o relatados por
Mylonakis et al. (2003) e Gal et al (2008) no diagdstico de E. canis a partir de esfregaco de sangue
periférico e linfonodo. O diagnostico direto também apresenta baixa sensibilidade no diagnostico de
infecgdes por A. platys, devido a baixa parasitemia do agente associada ou ndo ao baixo nimero de
plaquetas (DAGNONE, 2006). Além disso, corpusculos de inclusdo em células sanguineas muitas
vezes estao relacionados a ativacdo celular em processos inflamatérios, podendo ser confundidos
com inclusdes de E. canis e A. platys (FERREIRA et al.2007; MYLONAKIS et al. 2003). Também,
com relacdo a citologia, alguns artefatos associados a inexperiéncia técnica podem induzir a
resultados falso-positivos.

Cultivo de E. canis em células DH82 (Torres et al., 2002; Aguiar et al., 2007), em mondcitos
de sangue periférico canino (Mutani & Kaminjolo, 2001) e em macr6fagos de camundongos
(Keysary et al., 2001) é o método mais sensivel na deteccdo de infec¢do aguda precoce e cronica,
porém ¢ laborioso e dispendioso. Igbal et al. (1994) utilizando células mononucleares avaliou a
eficacia do cultivo celular e da PCR no diagndstico de erliquiose, em cdes experimentalmente
infectados, verificando uma maior sensibilidade do primeiro, embora a PCR também tenha sido
capaz de detectar E. canis a partir do 4° dia ap6s infeccao.

Outro inconveniente no diagnostico de infeccBes por agentes erliquiais é a presenga de
algumas reacGes cruzadas nos testes soroldgicos, como ocorre com a Reagdo de Imunofluorescéncia
Indireta (RIFI) para E.canis e E. chaffeensis (NEER et al., 2002). Como existem reac¢Ges cruzadas
em exames soroldgicos dentro do mesmo genogrupo, e potencialmente entre genogrupos, a
identificacdo da espécie pode ndo ser estabelecida na maioria dos estudos clinicos que utilizem
apenas a sorologia (SUKASAWAT et al., 2000). O teste sorolégico também ndo € capaz de
distinguir entre infec¢do aguda e exposicao prévia (RIKIHISA et al., 1994).

A PCR atualmente representa 0 método mais confiavel no diagnostico das infecgdes por
agentes da familia Anaplasmataceae (DAGNONE et al., 2009). Mais especificamente, a PCR em
tempo real é Gtil para a identificacdo da espécie infectante, subsidiando os esquemas de taxonomia
(IQBAL et al., 1994). Por meio dessa técnica é possivel identificar E. canis a partir de amostras de
sangue, pulmao, bago, linfonodos, rins, cérebro e olhos de animais infectados (STILES, 2000).
Dagnone (2002), comparando esfregaco de papa de leucocitos com a PCR, evidenciou maior
sensibilidade da PCR.

PCR em tempo real tricolor foi desenvolvida por Doyle et al. (2005), sendo capaz de, em uma
Unica reacdo, identificar, simultaneamente, erliquias importantes para a medicina humana, como a
E. chaffeensis, E.canis e E. ewingii.
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Nested-PCR (nPCR) também vem sendo utilizada como ferramenta para identificacdo de
organismos da familia Anaplasmataceae (DAGNONE et al.,2009). Bulla et al. (2004) identificaram,
a partir de 217 amostras de sangue canino, 30.9% de positividade para E. canis a partir de nPCR
tendo como alvo o gene 16S rRNA. Aplicando a mesma técnica Ferreira et al. (2009) e Ramos et al.
(2009) obtiveram 15,84% e 55% animais positivos para A. platys, respectivamente. Faria (2006) em
um estudo comparativo de sensibilidade utilizando a nPCR de sangue e de aspirado de bago de
quarenta cdes cronicamente infectados por E. canis, observou que ndo houve diferenca na
sensibilidade de deteccdo de DNA em ambos 0s materiais biolégicos utilizados, porém a presenca
de morulas em leucdcitos foi positiva em dezessete amostras de um total de 35 positivas na bidpsia
aspirativa de baco.

Empregando-se a nPCR, Nakaghi et al.(2008) detectaram 53,33% de positividade para E.
canis em 30 cdes com suspeita clinica de EMC. Nakaghi et al. (2004) compararam as técnicas de
PCR (gene alvo dsb) e a nPCR (gene alvo 16S rRNA), a partir de 24 amostras sanguineas de cdes
naturalmente infectados por E. canis, demonstrando ser as duas técnicas adequadas ao diagnostico
da EMC, sendo a nPCR a Unica capaz de diferenciar as espécies de Ehrlichia spp.

A sorologia tem um papel importante nas fases subclinica e crdnica da doenga, diante da
presenca rara do agente na circulacdo sanguinea e sua capacidade de se manter nos macrofagos
esplénicos (HARRUS et al. 1998) sendo a PCR recomendada para o estagio agudo e visando a
identificacdo da espécie envolvida (NAKAGHI et al. 2008).

Nos Estados Unidos, cdes com sintomas sugestivos de erliquiose, porém sem a presenca de
morulas, foram negativos na PCR quando o gene alvo foi o 16S rRNA (ALLSOPP e ALLSOPP,
2001).

Na Erliquiose Monocitica Canina, o uso de amostras de sangue como material para a realizagéo
da PCR pode resultar em falso-negativos, mesmo em animais em fase aguda da doenga, visto que a
parasitemia desse agente é normalmente baixa. Na fase cronica, a deteccdo de material genémico
se torna ainda mais dificil em espécimes menos invasivas, como o sangue (DAGNONE, 2006),
embora Nakaghi et al. (2008) avaliando a sensibilidade da nPCR observaram que a mesma é capaz
de detectar DNA de E. canis até o equivalente a um mondcito infectado em 1036 células, o que
torna a técnica altamente recomendada para a deteccdo de alvos com baixo nimero de copias.
Amostras obtidas por técnicas mais invasivas como aspirado de baco, nesta fase, pode aumentar a
sensibilidade da técnica da PCR (HARRUS et al., 2004), mas ndo se apresenta como técnica viavel
para rotina médica.

Um numero limitado de genes alvo tem sido avaliado para deteccdo género e espécie-
especifica de infecgdes por Ehrlichia devido a incapacidade de cultivo de algumas espécies e a

lacuna na informagdo acerca do genoma desses organismos. Ensaios baseados em PCR e reverse
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transcriptase PCR (RT-PCR) para E. chaffeensis, E. ewingii e E.canis tém comumente como alvo o
gene 16S rRNA (BREITSCHWERDT,1998; MCBRIDE,1996; ANDERSON,1992; FELEK,2001;
PADDOCK,2001), mas outros alvos como o gene para proteina de choque térmico groESL e o gene
que codifica a proteina de superficie p28, também podem ser utilizados para deteccdo dessas
erliquias (CHILDS,1999; SUMNER1999; STICH,2002; GUSA,2001).

O gene dsb foi previamente identificado por McBride et al (2002) e caracterizado
funcionalmente nas espécies E. chaffeensis e E. canis; as sequéncias foram determinadas como
Unicas para o género Ehrlichia. Segundo Kuyler-Doyle et al (2005), ha uma conservagao entre 69.5
- 91.5% do gene dentro do género, com E. ruminatium e E. ewingii sendo as mais divergentes e E.

muris e E. ixodes ovatus (IOE) as mais similares.

2.5 Tratamento e prevengao

Ehrlichia é susceptivel a tetraciclina e seus derivados. Estes antibi6ticos de amplo espectro
agem inibindo a sintese protéica de vérias espécies bacterianas por meio da ligagdo reversivel a
subunidade 30S ribossomal, impedindo a adi¢do de novos aminoacidos durante a formacdo da
cadeia polipeptidica. Dentro dessa classe de antibidtico, a doxiciclina € o principal medicamento
utilizado no tratamento das erliquioses (PADDOCK & CHILDS, 2003). Corticosterdides também
sdo indicados na preservacgdo da integridade vascular ou da funcdo plaquetaria, principalmente na
fase cronica e grave da EMC (MACHADO, 2004).

Alguns autores recomendam a associagdo do imidocarb a doxiciclina no combate a
erliquiose (ADEYANJU & ALIU, 1982; BARR, 1997; TROY & FORRESTER, 1990) e outros
desaconselham (ANDRADE & SANTAREM, 2002). Sousa et al. (2004) concluiram que a resposta
terapéutica ¢ indiferente quanto ao uso ou ndo do imidocarb nos casos de erliquiose canina.

Além da antibioticoterapia, tratamentos de suporte devem ser adotados a medida que se
fizerem necessarios, principalmente em infecgdes que ameagam a vida do paciente (COHN et al.,
2003). Acredita-se que curtos tratamentos com doxiciclina sejam capazes de negativar a PCR de
amostras sanguineas, eliminando completamente os agentes causadores da infeccdo (BEAUFILS et
al., 2002).

N&o existem, ainda, vacinas que confiram protecdo a erliquiose canina. Experimentos de
imunizagdes de cdes, com antigenos de E. canis derivados de cultura, associados com adjuvantes,
estimularam a resposta imune humoral. Entretanto, os cdes imunizados e desafiados apresentaram
manifestacGes clinicas da EMC mais graves que os caes do grupo controle ndo imunizados (RISTIC
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& HOLAND, 1993). Efetivamente, a prevencao da erliquiose consiste, basicamente, no controle de
carrapatos (BECHARA et al., 1994).

Diante da elevada prevaléncia da erliquiose canina, da escassez de estudo sobre a
prevaléncia e a identificacdo dos agentes infecciosos e considerando o potencial zoondtico, €
patente a necessidade de estabelecimento de uma técnica diagndstica que possa ser efetivamente
aplicada na rotina médica veterinaria. A nested PCR tem o potencial de cumprir esta expectativa,
mas é essencial que diferentes fontes de DNA sejam avaliadas. Assim, este trabalho tem como
objetivo principal determinar a melhor fracdo sanguinea para este ensaio e subsidiar a investigacao

epidemioldgica em duas localidades da regidao Nordeste do Brasil.
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Abstract

Background:

Canine ehrlichiosis, a widespread disease and the most common among those transmitted by ticks
to dogs. is caused by Ehrlichia spp, that infects white blood cells and platelets, forming inclusion
bodies called morulae. Direct examination of blood smear is routinely used for diagnosis, but the
sensitivity is low due to the small number of parasitized cells. Although the pathogen can infect
different cell types, peripheral blood is currently the main DNA source for polymerase chain
reaction (PCR) and there is no data on the effectiveness of different blood cell fractions. This study
therefore aims at determining the best source of DNA for nested PCR (nPCR), establishing possible
correlations between haematological parameters and PCR results and identifying the etiological

agents in two cities in Brazil Northeastern Region.

Results:

The DNA was extracted from whole blood (WB), mononuclear cells (M), buffy coat (B) and blood
clot (C) from 21 animals with ehrlichiosis symptoms. Direct examination was much less sensitive
than PCR, showing 57% false negative results. DNA was amplified in 71.4% (15/21) of whole
blood, 17.8% (3 / 19) of granulocytes, 31.57% (6 / 19) of mononuclear cells and 30% (6 / 20) of
buffy coat samples. Animals with thrombocytopenia were positive in PCR for 77.7% (7 / 9) of the
samples. One animal was infected with both A. platys and E. canis. This is the first molecular

evidence of the involvement of A. platys infection in dogs in the State of Paraiba, Brazil.

Conclusion:
The present study demonstrates that canine whole blood is the best source for DNA to be used in
nested PCR for Ehrlichia detection and suggests that this is due to an important plasma bacterial

concentration following host cell lysis. A strong positive correlation between thrombocytopenia and
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Ehrlichia infection was also demonstrated, but insufficient to establish a final diagnosis of

ehrlichiosis.

Background

Ehrlichiosis is a haemoparasitosis of dogs and humans, as well as of other domestic and wild
animals and is the most common tick transmitted disease worldwide [1]. Human cases of
ehrlichiosis caused by species infecting the dog have been reported, pointing towards its zoonotic

potential [2, 3].

Canine ehrlichiosis is caused by Ehrlichia, obligate intracellular, Gram-positive alpha-
proteobacteria infecting platelets, endothelial cells, monocytes, macrophages, erythrocytes and
invertebrate cells, depending on the species [4]. According to their host cells infection the members
of Anaplasmataceae family are classified as monocytic (E. canis, E. risticii), granulocytic (E.
ewingii e E. equi) and thrombocytic (Anaplasma platys), although some species are able to infect
more than one host cell type [5]. All Ehrlichia species form inclusion bodies within the host cell,

called morulae, which afford a suitable environment for their survival [6].

Identification at the species level is presently based on amplification and sequencing of the 16S
rRNA gene or the groESL operon. This new approach repositioned many bacteria previously
belonging to the genus Ehrlichia in other genera of the Anaplasmataceae or Rickettsiaceae families

7, 8].

The prevalence of canine monocytic ehrlichiosis in Brazil varies from 4.8% to 65% in rural or
urban areas [9, 10]. Among dogs examined in veterinary hospitals and clinics, the infection rate

varies from 20 to 57% [11 — 16]. E. canis is incriminated as the main causative agent of canine
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ehrlichiosis in Brazil, but A. platys has been recently identified by PCR in samples from some

regions, with prevalence ranging from 15 to 55% [6, 16, 17].

Diagnosis of canine ehrlichiosis relies on direct microscopic examination of stained blood smears
for the identification of intracytoplasmatic morulae, on cultivation, on serology and more recently
on the polymerase chain reaction (PCR). Microscopic examination is reported to have low
sensitivity because there are few bacteria in the samples and E.canis morulae are difficult to be
detected on the smears in sub-clinical and chronic cases. In addition the morulae is being easily
mistaken as non-specific inclusion bodies and staining artifacts [18 — 24]. Serology, on the other
hand, is hampered by cross reactions [1, 25], being also unable to discriminate between acute phase
responses and previous exposure to the pathogen. Moreover, specific antibodies persist after

treatment [26].

The first diagnostic PCR for ehrlichiosis was reported by Igbal et al. in 1994 [1], based on 16S
rRNA amplification. Further improvements and the use of other gene targets, as the genus-specific
disulfide bond formation protein gene, dsb, and p28, allowed increased sensitivity and species-
specificity [27, 28]. Accordingly, the nested PCR is being progressively more adopted in the
detection of E. canis and A. platys, as it is more sensitive that the single step PCR and allows
identification of the etiological agent at the species level [11, 15, 16, 18, 29, 30]. For both PCR and
nested PCR peripheral blood is frequently used as DNA source [18] and a single report [1]

describes the use of mononuclear cells.

Taken into account the high prevalence of canine ehrlichiosis and the small number of reports on
the identification of the infectious agents, a practical diagnostic technique for routine use in
veterinary medicine is certainly an important need. The nested PCR may fulfill this requirement but

the best DNA source must be investigated in advance. The present study was therefore undertaken
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to determine the best DNA source for nested PCR in the diagnosis of canine ehrlichiosis and in the
identification of its etiological agent. Moreover, its results bring information on the relative
frequency of E. canis and A. platys in dogs from two endemic areas in the Northeast Brazilian

Region.

Methods

Samples and cell fractionation

Blood was collected from 22 dogs with clinical symptoms, positive direct examination of blood
smears and/or hematology data suggestive of ehrlichiosis at the veterinary hospitals from Federal
University of Campina Grande (UFCG), Paraiba State and from Federal Rural University of
Pernambuco (UFRPE), Pernambuco State, Brazil, as well as at the Veterinary Medical Center Dr.
Leonardo Torres, at Patos (Paraiba). From each dog 4 ml and 1 ml blood with and without sodium

citrate were collected for DNA extraction respectively.

Mononuclear and granulocyte-enriched samples were obtained from 4 ml whole blood with SepCell
kit (LGC Biotecnologia, Brazil), according to the manufacturer. The buffy coat was collected from

1 ml blood centrifuged 95009 for 10 min.

Hematology results and direct examination of blood smears

Platelet counts, mean globular volume and other hematology parameters were measured as
routinely done at the abovementioned veterinary hospitals. Reference values were those described
elsewhere [31]. Blood smears were stained with Panoptico rapido® (Laborclin, Brasil) and
observed under microscopy (100X objective, under oil immersion), as described by Garcia-Navarro

[32].
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DNA extraction

DNA from whole blood samples (200ul), buffy coat (50 pl), mononuclear (50 pl), granulocytes
(100 pl) and blood clot (50 pl) was extracted with a commercial kit (Invisorb® Spin Blood Midi Kit;
INVITEK), following the manufacturer instructions. DNA from 21 whole blood (WB) samples, 19
granulocyte (G) and 19 mononuclear (M) fractions, 20 buffy coats (B) and 17 blood clots (C) were

used in the nested PCR for the amplification of 16S rRNA sequences from E. canis e A. platys.

Nested PCR

The samples were tested by a two step PCR for the presence of the 16S rRNA DNA at the
Laboratério de Diagnéstico Molecular, Universidade Estadual Paulista (UNESP), Botucatu, S&o
Paulo, Brazil. For the first PCR reaction approximately 0.5 to 1.0 pg of the genomic DNA was
used and the primer pair EHO sense (5’- AGA ACG AAC GCT GGC GGC AAG CC-3’)/ EHO
antisense (5’-CGT ATT ACC GCG GCT GCT GGC-3’), amplifying a 478 pb 16s Ehrlicha 16S
rRNA gene fragment [30]. Each PCR reaction mixture contained 1X reaction buffer (50mM KCl,
20 mM tris-HCI (pH 8.4), 0.1% Triton X-100), 1.75 mM MgCl,, 0.2 mM dNTP’s, 1 uM PCR
primers, 0.625 U Taq DNA polymerase and autoclaved ultrapure water brought to a final volume of
25 pL. The thermocycle profile included an initial denaturing step at 94 °C for 10 minutes followed
by 40 cycles of 94 °C denaturing for 60 seconds, primer annealing at 60 °C for 60 seconds and then
primer extension at 72 °C for 60 seconds. The final step was for extension at 72 °C for 4 minutes
before dropping to 4 OC . The second PCR reaction was identical to the first PCR with the exception
of the template and primers used. The template for the second nested PCR reaction was a 1.0 pL
aliquot of the positive initial reaction and the following primer pairs were used: EHCA sense (5’-
CAATTATTT ATA GCC TCT GGC TAT AGC-3’) / EHCA antisense (5'-TAT AGG TAC CGT
CAT TAT CTT CCC TAT-3’) [30] and EHPL sense (5’- TTT TTG TCG TAG CTT GCT ATG
ATA-3’) / EHPL antisense (5’- TGT GGG TAC CGT CAT TAT CTT CCC CA-3’) (Jodo Pessoa

Aradjo Jr., pers. comm.), giving rise to amplified fragments of 389 pb, specific for E. canis and 384
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pb, specific for A. platys, ad detailed in Table 1. The primer design was confirmed with the software

(Primer3, http://fokker.wi.mit.edu/primer3/input.htm).

For every PCR batch, ultra-pure autoclaved water replaced the template as a negative control. Also
within each PCR run, genomic DNA from a confirmed case of E. canis (when testing the presence
of the E. canis 16S rRNA gene) and A. platys (when testing the presence of the A. platys 16S rRNA

gene) was used as a positive control.

After completion of the second PCR step, 10ul of the reaction product was separated on a 1.5%
agarose gel stained by ethidium bromide in Tris-Borate EDTA (TBE) at 90 volts for approximately
1 hour. The E. canis and A. platys reactions were considered positive when a 389 bp or a 384 bp

product, respectively, were present on the gel.

Statistical analysis

The  statistical analysis was  performed using the software BioEstat 5.0
(http://www.mamiraua.org.br/download/index.php?dirpath=./BioEstat%205%20Portugues&order=
0). Nested PCR results from whole blood were compared to those from buffy coat, granulocytes,
mononuclear cells and blood clot by the McNemar chi-square test, for p<0.05. The Kappa test
(p<0.05) was used to compare whole blood (WB) PCR results with those from direct examination.
The Fisher exact test was used to evaluate the concordance between hematological parameters and

whole blood nested PCR.

Statistical analysis was performed using the software Stat Dag (MACKINNON, 2000). WB nested
PCR results were compared to buffy coat (B), granulocytes (G), mononuclear cells (M) and blood

clot (C) fractions by Kappa test (p <0.05). The last test was also used to campare WB nested PCR
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and blood smear results. Chi-square McNemar test (p< 5%) evaluated the diagnostic sensitivity of

the fractions (G, M, B, C) compared to WB.

Results

Table 2 contains all data relative to the hematology and direct examinations, as well as PCR results

for all 22 samples and controls.

By direct examination of blood smears 8 samples (36.45%) were shown to be positive, with
morulae suggestive of Ehrlichia spp.; these samples were also positive by PCR and in two cases the
inclusions were found within platelets. Among the 14 negative samples, totalizing 63.6% of the
animals, 8 were positive in PCR either for Ehrlichia or Anaplasma DNA in at least on of the

samples taken from each dog, resulting in 57.1% false-negatives by simple direct examination.

Among thrombocytopenic or anemic animals 77.7% (7/9) and 26.6% (4/15), respectively, were

positive in nested PCR with DNA extracted from whole blood.

From the 21 whole blood samples, 71.4% (15/21) were positive and 26.6% (6/21) negative by PCR,
the etiological agent being identified as E. canis in 46.4% (7/15) or A. platys in 6.6% (1/15). Due to
lack of amplification in the second PCR reaction it was not possible to identify the etiological agent
in 7 samples (46.6%). Interestingly, 5 from theses samples were positive under direct examination

and among them 2 showed cytoplasmic inclusions in platelets.

Chi-square McNemar test indicated a diagnostic sensitivity of 42.86% to M and BC samples,
21.43% to G and 33.33% to C. Kappa. McNemar tests indicated weak agreement with WB and M,

BC and C  fraction and low with G  fraction, compared to  ST.
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The kappa test had low concordance between morulae in blood smears and nPCR, showing

significant difference (p = 0.0133).

Discussion

The PCR sensitivity for the detection of Ehrlichia in whole blood was almost double that obtained
by direct examination of stained blood smears, indicating a false-negative rate above 50% when
only the direct examination was used for diagnosis. Conversely, all animals which presented
morulae or inclusions in blood smears were positive in nested PCR for at least one sample. Direct
examination of stained blood smears was indeed reported to have low sensitivity, typically ranging
from 3 to 9%, while PCR varies from 40 to 56%. [15, 16, 18, 21]. E. canis morulae are hard to be
detected because the organism is present in very low concentration in the samples [23, 22], infected
cells being usually less than 1% [24]. However, the sensitivity reported here for the direct
examination was significantly higher than the reported usually, but still below that reported by
Mylonakis et al. [19]. The large differences in sensitivity may be attributed to technical differences,
but also to existing genotypic variants, in different geographical regions, being able to infect
different rates of cells and display different clinical symptoms, as reported earlier [33, 34] for E.

ruminatium and A. platys.

The nested PCR was able to detect Ehrlichia DNA in 71% of samples from dogs with clinical
symptoms suggestive of ehrlichiosis. This diagnostic sensitivity is slightly higher than that
described in previous similar reports [e.g., 15, 16, 18]. The sensitivity of the 16S rRNA —based PCR
is reported to be higher than that based on the dsb gene and reaches 10 gene copies per reaction [27]
or one infected monocyte per 1000 cells [18], making the technique appropriate for the detection of

low copy number targets.
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The presence of E. canis and A. platys in the WB samples (46,6% positive for E. canis, 6,6% for A.

platys e 46,6% for E. spp) is in accordance with the reported Ehrlichia canis prevalence in Brazil
[15, 18, 34, 35], but the low prevalence of A. platys is less consensual; although E. canis was more
prevalent than A. platys among dogs in Jaboticabal (S. Paulo State), the prevalences were similar in
Campo Grande (Mato Grosso do Sul State) and no other Anaplasmataceae species were reported
[6]; The prevalence of both pathogens was also similar in Recife (Pernambuco, Brasil), in a warm
climate region favorable for the development of the tick vector [16]. In Chile, however, A. platys

seems be the main causative agent of canine ehrlichiosis [36].

It was not possible to determine the etiological agent in 7 cases. This may be due to the presence of
another pathogen, besides E. canis and A. platys, in dogs from Recife (PE) e Patos (PB). Among
these cases, 5 were positive by direct examination of blood smears and two of them showed
inclusion bodies in platelets. Other organisms belonging to the order Rickettsialles, such as
Anaplasma phagocytophilum, E. chaffeensis and E. ewingii, should not be disregarded as possible

etiological agents in these cases, as they also form cytoplasmic inclusions[17, 26].

A. platys/ E. canis co-infection was observed in a single animal, which was positive by direct
examination and had a nested PCR from WB positive for E. canis; when B and C samples were
tested, however, both were positive for A. platys and only the first positive for E. canis.
Cytoplasmic inclusions in platelets were not observed, possible due to the low A. platys load [37].
Co-infections with other ehrlichial species or other haemoparasites is common in dogs [6, 12, 16,
29, 38, 39], as the dog red tick, Rhipicephalus sanguineus, is their common vector, inclusive for
E.canis, E. ewingii and possibly A. platys [5, 18, 40]. It is worth to mention that this is the first
evidence for the involvement of A. platys in canine ehrlichiosis in Paraiba State, Brazil. Samples

positive for A. platys in PCR were WB and C (dog #14) and B and C (dog #12). Despite the small
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sample size, the results suggest an increased chance to find A. platys DNA in blood clot, which is

enriched in platelets in relation to all other samples.

A correlation between thrombocytopenia (< 200.000 platelets. ul **) and PCR positivity from WB
samples could be demonstrated here. Among thrompocytopenic animals 77.7% (7/9) were positive
for E. canis, a rate within the 45 - 100% range reported previouly [11, 15, 35]. Lower rates were
observed in Sdo Paulo (20%) and Rio de Janeiro (31%) [12, 41]. The etiological agent could not be
determined in three cases among the thrombocytopenic animals from the present study: it is known
that infection by other Ehrichia species can produce symptoms and hematological changes similar
to those produced by Ehrlichia canis or Anaplasma platys; E. erwingii was already reported to
infect dogs in Brazil [42], leading mostly to anemia and in 20% of the cases to thrombocytopenia.
On the other hand, a direct relation between anemia (globular volume < 37%) and positivity in PCR
from WB samples could not be demonstrated here (p = 0.299). Anemia was found in only 26.6% of

the cases, a rate similar to that previously reported [12].

Peripheral blood has been the main source of Ehrlichia DNA for PCR assays. In a comparative
study on the sensitivity of a nested PCR using either blood or spleen aspirates from chronically
Ehrlichia-infected dogs as sources for DNA extraction, no differences could be observed [43]. Our
results also support the blood as a convenient source for Ehrlichia DNA in PCR assays. Indeed, the
Kappa value indicates a weak correlation between the nested PCR results from WB samples and
those obtained with G, M, B or C samples: PCR from M and B samples had a sensitivity of only
42,9%. Our data and the literature therefore supports the use of blood as the best choice for DNA

extractions for PCR in the detection of Ehrlichia spp..

This is the first study on the use of different blood cell fractions as DNA sources for PCR in the

diagnosis of canine ehrliquiosis. Despite the fact that the pathogen only infects leucocytes and
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platelets, the whole blood proved to be a better choice for DNA extraction than any of the cellular
fractions enriched in Ehrlichia host cells. A possible explanation is based on the assumption that
whole blood samples contain not only intracellular Ehrlichia, but also those released from host cells
after lysis, while the cell fractions lack these latter. Indeed, a single study addressing the presence of
E. chaffeensis in plasma was published, demonstrating that in SCID mice bacterial concentrations
about 10° bacteria/ ml plasma are reached two weeks after infection [44]. There are no similar
studies for E. canis or A. platys, but it is reasonable to assume that a similar picture is present in
dogs infected with these pathogens, specially in the acute phase of the disease, when symptoms are

severe and a reduction in platelet counts is usually found.

Conclusion

The present study demonstrates that canine whole blood is the best source for DNA to be used in
nested PCR for Ehrlichia detection and suggests that this is due to an important plasma bacterial
concentration following host cell lysis. A strong positive correlation between thrombocytopenia and
Ehrlichia infection was also demonstrated, but insufficient to establish a final diagnosis of

ehrlichiosis.
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Tabel 1 — Primer sequences for rRNA 16S gene used to E. canis and A. platys nested PCR reaction.

Primer Etiological Primer sequences Amplified From - to
identification agent sequence (bp)
lenght
(bp)
EHO sense E. spp AGAACGAACGCTGGECGECAAGCC
. 478 bp 13 - 490*
EHO antisense ~ E. spp CGTATTACCGCGECTGCTGEC
EHCA sense E. canis CAATTATTTATAGCCTCTGGCTATACGC "
389 58 — 446*
EHCA antisense E. canis TATAGGTACCGTCATTATCTTCCCTAT P
EHPL sense A. platys TTTTTGTCGTAGCTTGCTATGATA
. 384 bp 49 — 432%*
EHPL antisense  A. platys TGTGGGTACCGTCATTATCTTCCCCA

* Accession number - EU263991.1 and AF156784.1
**Accession number - AF156784.1
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Tabel 2 - Hematological, blood smear direct examination and whole blood (WB), granulocytes (G), peripheral blood mononuclear cells (M), buffy coat
(B) and blood clot (C) PCR results of dogs with erlichiosis clinical signs.

Animal Globular Leukocytes Platelets Blood smear PCR (WB) PCR (G) PCR(M) PCR(B) PCR (C)
identification Volume (X 10%pl) (X 10%pl)
(RV: 37-55%) (RV:6al7) (RV:2a5h)

01 37 18.100 314.000 Positive Ehrlichia spp. Negative Negative Negative *
02 45 6.200 49.000 Negative E.canis E. canis E. canis E. canis *
03 51 8.000 195000 Negative Ehrlichia spp. Negative Negative Negative Negative
04 * * * Negative E. canis E. canis E. canis E. canis *
05 27 35.300 334.000 Negative Negative * * Negative Negative
06 46 8.200 257.000 Negative Negative Negative Negative Negative *
07 51 6.200 199.000 Negative Ehrlichia spp. Negative Negative Negative *
08 37 9.700 248.000 Negative Negative Negative Negative Negative Negative
09 51 20.250 595.000 Positive Ehrlichia spp. Negative Negative Negative *
10 * * * Negative E. canis Negative E. canis * E. canis
11 16 65.100 67.000 Negative E. canis E. canis E. canis E. canis *
12 * * * Positive E. canis * * E. canis/A .platys A..platys
13 * * * Positive E. canis Negative E. canis E. canis Negative
14 41 * 119.000 Negative A. platys Negative Negative Negative A.. platys
15 21 12.900 116.000 Negative Negative Negative Negative Negative Negative
16 27 14.800 148.000 Positive Ehrlichia spp. Negative Negative Negative Negative
17 35 10.000 * Negative Negative Negative Negative Negative Negative
18 31 - 44.400 Negative Negative Negative Negative Negative Negative
19 31 27.100 408.000 Positive Ehrlichia spp. Negative Negative Negative Negative
20 41 13.100 277.920 Positive Ehrlichia spp. Negative Negative Negative Negative
21 42 21.900 21.900 Negative E. canis Negative E. canis E. canis Negative
22 * * * * * * * * Negative
23 * * * * * * * * E.canis
24 * * * Positive * * * * E.canis

RV: reference value (Jain, 1993); * - not done
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5 CONCLUSAO

O presente estudo demonstra que o sangue total € a melhor fonte de DNA para ser
empregado em nested PCR na deteccdo de Ehrlichia spp em cées e sugere que isso se deve a
presenca no plasma de uma importante concentracdo de bactérias. Demonstra-se aqui também a
existéncia de uma forte correlagdo entre a trombocitopenia e a infec¢do por Ehrlichia, embora

ndo suficiente para firmar um diagndstico.
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6 ANEXOS

PROTOCOLO 1 - extracdo de DNA a partir de 1-200 ul de sangue total de humanos e

mamiferos ou 1-30 pl de Papa leucocitaria

Importante- transferir a quantidade necessaria de tampéao de elui¢do D para um tube receiver

de 2ml (ndo incluido no kit) e armazenar o tubo a 56°C.

1.

2.

3.

Transferir 1-200 pl de sangue total ou 1-30 pl de papa leucocitaria para um tubo de
reacdo 1.5ml . Se o volume da amostra for menor que 200 pl, deve-se completar o volume
até 200 pl utilizando-se tampdo PBS 1X ou agua destilada (4gua para injecao).

Adicionar 200 pl de Lysis Buffer HL e incubar durante 3 minutos a 56°C agitando
continuamente. Adicionar 20 pl de proteinase K e misturar por pipetagem 5 vezes ou
usando termomixer.

Incubar o tubo de reagédo por 5 minutos a 56°C agitando continuamente ou em termomixer.

Nota: Se vocé tiver de utilizar gua ndo destilada, por favor vortexizar a amostra durante a lise

2-5 vezes.

10.

11.
12.

Adicionar 200 pl de Binding Buffer HL e misturar com vortex. Transferir a mistura para
um RTA Spin filter (mini coluna). Incubar por um minuto.

Centrifugar por 2 minutos a 14.000 rpm. Desprezar o filtrado e colocar a mini coluna em
um novo tubo de 2ml do kit.

Adicionar 500 pl de Wash Buffer 1. Centrifugar por um minuto a 14.000 rpm. Descartar
0 tubo de coleta e colocar a mini coluna em um novo tubo de coleta.

Adicionar 700 pul Wash Buffer 11 e centrifugar por 1 minuto a 14.000 rpm. Desprezar o
tubo de coleta e colocar a mini coluna em um novo tubo de coleta.

Adicionar 700 pl Wash Buffer 11 e centrifugar por 1 minuto a 14.000 rpm. Desprezar o
tubo de coleta. Colocar a mini coluna novamente em um tubo de coleta 2 ml.

Centrifugar por 4 minutos em velocidade méxima para eliminar o etanol por completo.
(repertir esse passo uma vez)

Colocar a mini coluna em um tubo de coleta 1.5 ml. Adicionar 200 ul de Elution Buffer D
pré-aquecido (56°C) . Incubar em temperatura ambiente por 1 minuto.

Centrifugar a 10.000 rpm por um minuto. Descartar a mini coluna.

Estocar a amostra a -20°C até realiza¢do do PCR.
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Nota: O DNA também pode ser eluido com menor volume de Elution Buffer D (dependendo do
rendimento de DNA genomico esperado). Mas atengdo, pois 0 minimo volume para eluicéo é de
30 pl e que esse volume pode reduzir o rendimento. Se uma quantidade muito grande de DNA €

esperada, o volume de tampé&o de eluigéo pode ser aumentado.

PROTOCOLO 2 - Reagente para separagdo in vitro de linfocitos
A primeira etapa consiste na diluicdo do sangue a ser processado na proporgdo 1:1 em

solucgdo salina pH 7,4 preparada a partir da mistura das solucfes A e B.

Solugéo A Conc. g/L
Anhydrous D-glucose 5.5 x10-3 M (0.1%) 1.0
CaCl2.2H20 5.0x10-3M 0.0074
MgCI2.6H20 9.8 x10-4 M 0.1992
KCI 54 x10-3 M 0.4026
TRIS 0.145M 17.565

Dissolver todos os componentes em 950 mL de &gua destilada agitando para homogeneizar.

Adicionar HCl até o pH: 7,6. Finalmente ajustar o volume para 1 L.

Solugéo B Conc. g/L
NaCl 0.14 M 8.19

Para preparar a solugdo salina, misturar 1 volume da solugdo A com 9 volumes da solugéo
B. Preparar nova solucéo a cada semana.

Inverter o frasco contendo a solugdo SepCell:LGC véarias vezes para obter uma solugdo
homogénea. Adicionar 4 mL do sangue diluido, na superficie dos tubos contendo 3 mL da solugdo
SepCell:LGC e centrifugar em baixa rotagdo (400 —500 g), durante 35-40 min a 18°C-20°C.
Observacdo: Cuidar para ndo quebrar a tensdo superficial quando o sangue diluido € aplicado na
superficie da solucdo de SepCell:LGC.

Apds a centrifugacdo, quatro nitidas camadas com diferentes tipos celulares séo
visualizados. Na camada inferior sdo encontrados hemé&cias e granuldcitos. A camada
imediatamente superior ao pacote granuldcitos/hemacias, contem a solugdo de SepCell:LGC. Os
linfocitos devem ser encontrados na interface entre o SepCell:LGC e o plasma que constitui a

camada superior.
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Localizag&o dos primers utilizados na realizacdo da nested PCR para E.canis e A.
platys.

CACTAGTGATTCACAACEAACEETIEEREEEAAGEE T AACACAT GCAAGT CGAACGGACAATTATTTATAG
CCTCTGECTATAGGAAAT TGT TAGT GGCAGACGGGT GAGT AAT GOGT AGGAATCTACCTAGTAGTACGGA
ATAGCCAT TAGAAAT GGT GGGT AATACT GT AT AAT COCOGAGGGGGAAAGAT TTATCGCTATTAGATGAG
CCTACGTTAGATTAGCTAGT TGGT GAGGTAATGGCT TACCAAGGCTATGATCTATAGCT GGTCTGAGAGG
ACGATCAGCCACACT GGAACT GAGAT ACGGT CCAGACT CCTACGGEGAGGECAGCAGT GBGGAATATTGGAC
AAT GEGCGAAAGCCT GATCCAGCT ATGCOGOGT GAGT GAAGAAGGOCT TOGGGT TGTAAAACTCTTTCAAR
TAGGEAAGATAATGACEETACCTATAGAAGAAGT CCOGGCAAACT CTCTEECACEACEEEOEETAATARE
GAGGGGGCAAGCGT TGT TOGGAAT TATTGGGEOGT AMAGGGCACGTAGGTGGACTAGTAAGT TAAAAGT GA
AATACCAAAGCT TAACTTTGGAGCGECT TTTAATACT GCTAGACT AGAGGT CGAAAGAGGAT AGOGGAAT
TOCTAGT GTAGAGGT GAAATTCGT AGATAT TAGGAGGAACACCAGT GGOGAAGBOGGCTATCTGGT TCGA
TACTGACACT GAGGT GOGAAAGOGT GGGGAGCAAACAGGATTAGATACCCT GGTAGTCCACGCTGTAAAC
GATGAGTGCT AAAT GTGAGGAT TTTATCTTTGTATTGTAGCT AACGCGT TAAGCACT COGOCT GGGGACT
ACGGTCGCAAGACT AAAACT CAAAGGAAT T GACGGGGACCOGCACAAGCGGT GGAGCATGTGGT TTAATT
CGATGCTACGOGAAAAACCT TACCACT TTTTGACAT GAAGGT CGTATCOCT CCT AACAGGGGGAGT CAGT
TOGGCT GGACCT TACACAGGT GCT GCAT GGTTGT CGTCAGCT CGTGT OGT GAGAT GTTGGGT TAAGTCOC
GCAACGAGOGCAACCCT CATTCTTAGT TACCAACAGGT AAT GCT GBGCACT CTAAGGAAACT GCCAGT GA
TAAACT GGAGGAAGGT GBGGAT GATGT CAAAT CAGCACGGCCCT TATAGGGT GBGCTACACACGTGCTAC
AATGGCAACT ACAATAGGT TGOGAGACCGCAAGGT TTAGCTAATCCATAAAAGT TGTCTCAGT TOGGATT
GTTCTCTGAAACT CGAGAGCAT GAAGT CGGAATCGCTAGT AAT OGT GGAT CATCACGCCACGGTGAATAC

Sequéncia completa do gene 16S rRNA de E. canis (EU263991.1) ilustrando a
localizagdo dos pares de primers utilizados nas etapas de nPCR. Em roxo visualizamos
a localizacdo dos primers utilizados para a primeira reacdo e na cor verde a dos primers
envolvidos na etapa final .

CTOAGAACEAABERTEEOEERARED] T AACACAT GCAAGT CGAACCCA I
.AAAATTAGT GGCAGACGGEGT GAGTAATGCATAGGAATCTACCTAGT AGTATGGGATAGCCACTAGAAA
TGGTGEGTAATACTGTATAATCCCT GCGEECCGAAAGATTTATCGCTATTAGATGAGCCTATGT TAGATTA
CCTAGI TGGTAGGGTAAAGGCCTACCAAGGCAGI GATCTATAGCTGGT CTGAGAGGATGATCAGCCACAC
TGGAACT GAGATACGGT CCAGACT CCTACGGCGAGGCAGCAGT GGEGAATAT TGGACAAT GGGCGCAAGCC
TGATCCAGCTATGCCGCGT GAGT GAGGAAGGCCT TAGGGT TGTAAAACT CT T TCA!

GAAGAAGT CCCGGECAAACT GGGGGECAAGCG
TTGTTCGGAAT TATTGGGECGTAAAGGGCAT GT AGGCGGT TCGGTAAGT TAAAGGT GAAAT GCCAGGGECT T
AACCCTGGAGCTGCTTTTAATACT GCCAGACT CGAGT CCCEGAGAGGATAGCGGAATTCCTAGTGTAGAG
GIGAAATTCGTAGATAT TAGGAGGAACACCAGT GGCGAAGECGECTATCTGGTCCGGTACTGACGCTGAG
GTGCGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGCTGTAAACGATGAGT GCTGAA
TGTGECEACGT TTTGICTCTGT GT TGTAGCTAACGCGT TAAGCACT CCGCCT GEGCGACTACGGT CGCAAG
ACTAAAACTCAAAGGAAT TGACGGEGACCCGCACAAGCGGTGGAGCATGTGGT TTAATTCGATGCAACGEC
GAAGAACCTTACCACTTCTTTGACATGGAGATTAGATCCTTCTTAACGGAAGGGCGCAGT TCGGCTGGAT
CTCGCACAGGTGCTGCATGECTGI CGTCAGCTCGTGTCGTAGATGT TGAGT TAAGT CCCGCAACGAGCGT
AACCCTCATCCTTAGT TGCCAGCGEGET TAAGCCGGGCACT TTAAGGAGACT GCCAGTGGTAAACTGGAGG
AAGGTGCCGATGATGT CAAGT CAGCACGECCCTTAT GGGGTGGGCTACACACGI GCTACAATGGTGACTA
CAATAGGT TGCAAT GT CGCAAGGCTGAGCTAATCCGTAAAAGT CATCTCAGT TCGGATTGTCCTCTGCAA
CTCGAGGGCATGAAGT CGGAATCGCTAGTAAT CGTGGAT CAGCATGCCACGGTGAATACGT TCTCGGGTC
TTGTACACACT GCCCGT CACGCCATGGGAATTGECT TAACT CGAAGCT GGT GCGCCAACCGCAAGGAGEC
AGCCATTTAAGGT TGGGT CAGT GACTAGGEGTGAAGT CGTAACAAGGTAGCT GTAGGTGAACCTGCGECTG
GATTACCTCCTT

Sequéncia completa do gene 16S rRNA de A. platys (AF156784.1) ilustrando a
localizagdo dos pares de primers utilizados nas etapas de nPCR. Em roxo visualizamos
a localizacdo dos primers utilizados para a primeira reagdo e na cor azul a dos primers
envolvidos na etapa final.
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Results

Discussion
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Methods (can also be placed after Background)
List of abbreviations used(if any)

Authors' contributions

Authors' information (if any)
Acknowledgements

References

Figure legends (if any)

Tables and captions (if any)
Description of additional data files (if any)

You can download a template (Mac and Windows compatible; Microsoft Word 98/2000) for your article. For instructions on use, see below.

The Accession Numbers of any nucleic acid sequences, protein sequences or atomic coordinates cited in the manuscript should be provided, in
square brackets and include the corresponding database name; for example, [EMBL:AB026295, EMBL:AC137000, DDBJ:AE000812,
GenBank:U49845, PDB:1BFM, Swiss-Prot:Q96KQ7, PIR:S66116].

The databases for which we can provide direct links are: EMBL Nucleotide Sequence Database (EMBL), DNA Data Bank of Japan (DDBJ ),
GenBank at the NCBI (GenBank), Protein Data Bank (PDB), Protein Information Resource (PIR) and the Swiss-Prot Protein Database (Swiss-Prot).

Title page

This should list: the title of the article, which should include an accurate, clear and concise description of the reported work, avoiding abbreviations;
and the full names, institutional addresses, and e-mail addresses for all authors. The corresponding author should also be indicated.

Abstract

The abstract of the manuscript should not exceed 350 words and must be structured into separate sections: Background, the context and purpose of
the study; Results, the main findings; Conclusions, brief summary and potential implications. Please minimize the use of abbreviations and do not
cite references in the abstract.

Background

The background section should be written from the standpoint of researchers without specialist knowledge in that area and must clearly state - and, if
helpful, illustrate - the background to the research and its aims. The section should end with a very brief statement of what is being reported in the
article.

Results and Discussion

The Results and Discussion may be combined into a single section or presented separately. They may also be broken into subsections with short,
informative headings.

Conclusions
This should state clearly the main conclusions of the research and give a clear explanation of their importance and relevance. Summary illustrations
may be included.

Methods
This should be divided into subsections if several methods are described.

List of abbreviations

If abbreviations are used in the text, either they should be defined in the text where first used, or a list of abbreviations can be provided, which should
precede the authors' contributions and acknowledgements.

Authors'contributions
In order to give appropriate credit to each author of a paper, the individual contributions of authors to the manuscript should be specified in this
section.

An “author" is generally considered to be someone who has made substantive intellectual contributions to a published study. To qualify as an author
one should 1) have made substantial contributions to conception and design, or acquisition of data, or analysis and interpretation of data; 2) have been
involved in drafting the manuscript or revising it critically for important intellectual content; and 3) have given final approval of the version to be
published. Each author should have participated sufficiently in the work to take public responsibility for appropriate portions of the content.
Acquisition of funding, collection of data, or general supervision of the research group, alone, does not justify authorship.

We suggest the following kind of format (please use initials to refer to each author's contribution): AB carried out the molecular genetic studies,
participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in the sequence alignment. ES
participated in the design of the study and performed the statistical analysis. FG conceived of the study, and participated in its design and coordination
and helped to draft the manuscript. All authors read and approved the final manuscript.

All contributors who do not meet the criteria for authorship should be listed in an acknowledgements section. Examples of those who might be
acknowledged include a person who provided purely technical help, writing assistance, or a department chair who provided only general support.

Authors'information

You may choose to use this section to include any relevant information about the author(s) that may aid the reader’s interpretation of the article, and
understand the standpoint of the author(s). This may include details about the authors' qualifications, current positions they hold at institutions or
societies, or any other relevant background information. Please refer to authors using their initials. Note this section should not be used to describe
any competing interests.
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does not meet the criteria for authorship. Please also include their source(s) of funding. Please also acknowledge anyone who contributed materials
essential for the study.

Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements.

Please list the source(s) of funding for the study, for each author, and for the manuscript preparation in the acknowledgements section. Authors must
describe the role of the funding body, if any, in study design; in the collection, analysis, and interpretation of data; in the writing of the manuscript;
and in the decision to submit the manuscript for publication.

References
All references must be numbered consecutively, in square brackets, in the order in which they are cited in the text, followed by any in tables or
legends. Reference citations should not appear in titles or headings. Each reference must have an individual reference number. Please avoid excessive
referencing. If automatic numbering systems are used, the reference numbers must be finalized and the bibliography must be fully formatted before
submission.

Only articles and abstracts that have been published or are in press, or are available through public e-print/preprint servers, may be cited; unpublished
abstracts, unpublished data and personal communications should not be included in the reference list, but may be included in the text and referred to
as "unpublished data", "unpublished observations", or "personal communications" giving the names of the involved researchers. Notes/footnotes are
not allowed. Obtaining permission to quote personal communications and unpublished data from the cited author(s) is the responsibility of the author.
Journal abbreviations follow Index MedicussMEDLINE. Citations in the reference list should contain all named authors, regardless of how many
there are.

Examples of the BMC Veterinary Research reference style are shown below. Please take care to follow the reference style precisely; references not in
the correct style may be retyped, necessitating tedious proofreading.

Links
Web links and URLSs should be included in the reference list. They should be provided in full, including both the title of the site and the URL, in the
following format: The Mouse Tumor Biology Database [http://tumor.informatics.jax.org/mtbwi/index.do]

BMC Veterinary Research reference style

Style files are available for use with popular bibliographic management software:
BibTeX
EndNote style file
Reference Manager

Article within a journal
1. Koonin EV, Altschul SF, Bork P: BRCAL protein products: functional motifs. Nat Genet 1996, 13:266-267.

Article within a journal supplement
2. Orengo CA, Bray JE, Hubbard T, LoConte L, Sillitoe I: Analysis and assessment of ab initio three-dimensional prediction, secondary
structure, and contacts prediction. Proteins 1999, 43(Suppl 3):149-170.

In press article
3. Kharitonov SA, Barnes PJ: Clinical aspects of exhaled nitric oxide. Eur Respir J, in press.

Published abstract
4. Zvaifler NJ, Burger JA, Marinova-Mutafchieva L, Taylor P, Maini RN: Mesenchymal cells, stromal derived factor-1 and rheumatoid arthritis
[abstract]. Arthritis Rheum 1999, 42:5250.

Article within conference proceedings
5. Jones X: Zeolites and synthetic mechanisms. In Proceedings of the First National Conference on Porous Sieves: 27-30 June 1996; Baltimore.
Edited by Smith Y. Stoneham: Butterworth-Heinemann; 1996:16-27.

Book chapter, or article within a book
6. Schnepf E: From prey via endosymbiont to plastids: comparative studies in dinoflagellates. In Origins of Plastids. Volume 2. 2nd edition.
Edited by Lewin RA. New York: Chapman and Hall; 1993:53-76.

Whole issue of journal
7. Ponder B, Johnston S, Chodosh L (Eds): Innovative oncology. In Breast Cancer Res 1998, 10:1-72.

Whole conference proceedings
8. Smith Y (Ed): Proceedings of the First National Conference on Porous Sieves: 27-30 June 1996; Baltimore. Stoneham: Butterworth-Heinemann;
1996.

Complete book
9. Margulis L: Origin of Eukaryotic Cells. New Haven: Yale University Press; 1970.

Monograph or book in a series
10. Hunninghake GW, Gadek JE: The alveolar macrophage. In Cultured Human Cells and Tissues. Edited by Harris TIR. New York: Academic
Press; 1995:54-56. [Stoner G (Series Editor): Methods and Perspectives in Cell Biology, vol 1.]

Book with institutional author
11. Advisory Committee on Genetic Modification: Annual Report. London; 1999.

PhD thesis
12. Kohavi R: Wrappers for performance enhancement and oblivious decision graphs. PhD thesis. Stanford University, Computer Science
Department; 1995.

Link / URL
13. The Mouse Tumor Biology Database [http://tumor.informatics.jax.org/mtbwi/index.do]

Microsoft Word template
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Although we can accept manuscripts prepared as Microsoft Word, RTF or PDF files, we have designed a Microsoft Word template that can be used to
generate a standard style and format for your article. It can be used if you have not yet started to write your paper, or if it is already written and needs
to be put into BMC Veterinary Research style.

Download the template (compatible with Mac and Windows Word 97/98/2000/2003/2007) from our site, and save it to your hard drive. Double click
the template to open it.

How to use the BMC Veterinary Research template
The template consists of a standard set of headings that make up a BMC Veterinary Research Research article manuscript, along with dummy

fragments of body text. Follow these steps to create your manuscript in the standard format:

Replace the dummy text for Title, Author details, Institutional affiliations, and the other sections of the manuscript with your own text
(either by entering the text directly or by cutting and pasting from your own manuscript document).

If there are sections which you do not need, delete them (but check the rest of the Instructions for Authors to see which sections are
compulsory).

If you need an additional copy of a heading (e.g. for additional figure legends) just copy and paste.
For the references, you may either manually enter the references using the reference style given, or use bibliographic software to insert
them automatically. We provide style files for EndNote and Reference Manager.

For extra convenience, you can use the template as one of your standard Word templates. To do this, put a copy of the template file in Word's
‘Templates' folder, normally C:\Program Files\Microsoft Office\Templates on a PC. The next time you create a new document in Word using the File
menu, the template will appear as one of the available choices for a new document.

Preparing illustrations and figures
Figures should be provided as separate files. Each figure should comprise only a single file. There is no charge for the use of color.
Please read our figure preparation guidelines for detailed instructions on maximising the quality of your figures,
Formats
The following file formats can be accepted:

EPS (preferred format for diagrams)

PDF (also especially suitable for diagrams)

PNG (preferred format for photos or images)

Microsoft Word (figures must be a single page)

PowerPoint (figures must be a single page)

TIFF

JPEG

BMP

CDX (ChemDraw)

TGF (ISI1S/Draw)

Figure legends

The legends should be included in the main manuscript text file immediately following the references, rather than being a part of the figure file. For
each figure, the following information should be provided: Figure number (in sequence, using Arabic numerals - i.e. Figure 1, 2, 3 etc); short title of
figure (maximum 15 words); detailed legend, up to 300 words.

Please note that it is the responsibility of the author(s) to obtain permission from the copyright holder to reproduce figures or tables that have
previously been published elsewhere.

Preparing tables

Each table should be numbered in sequence using Arabic numerals (i.e. Table 1, 2, 3 etc.). Tables should also have a title that summarizes the whole
table, maximum 15 words. Detailed legends may then follow, but should be concise.

Smaller tables considered to be integral to the manuscript can be pasted into the end of the document text file, in portrait format (note that tables on a
landscape page must be reformatted onto a portrait page or submitted as additional files). These will be typeset and displayed in the final published
form of the article. Such tables should be formatted using the ‘Table object' in a word processing program to ensure that columns of data are kept
aligned when the file is sent electronically for review; this will not always be the case if columns are generated by simply using tabs to separate text.
Commas should not be used to indicate numerical values. Color and shading should not be used.

Larger datasets can be uploaded separately as additional files. Additional files will not be displayed in the final, published form of the article, but a
link will be provided to the files as supplied by the author.

Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xIs) or comma separated values (.csv). As with all files, please use
the standard file extensions.

Preparing additional files

Although BMC Veterinary Research does not restrict the length and quantity of data in a paper, there may still be occasions where an author wishes to
provide data sets, tables, movie files, or other information as additional information. These files can be uploaded using the 'Additional Material files'
button in the manuscript submission process.

The maximum file size for additional files is 20 MB each, and files will be virus-scanned on submission.

Any additional files will be linked into the final published article in the form supplied by the author, but will not be displayed within the paper. They
will be made available in exactly the same form as originally provided.
If additional material is provided, please list the following information in a separate section of the manuscript text, immediately following the tables
(if any):

File name
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File format (including name and a URL of an appropriate viewer if format is unusual)
Title of data
Description of data

Additional datafiles should be referenced explicitly by file name within the body of the article, e.g. ‘See additional file 1: Moviel for the original data
used to perform this analysis'.

Formats and uploading
Ideally, file formats for additional files should not be platform-specific, and should be viewable using free or widely available tools. The following are
examples of suitable formats.
Additional documentation
O  PDF (Adobe Acrobat)

Animations
O  SWF (Shockwave Flash)
Movies

0O MOV (QuickTime)
0 MPG (MPEG)

Tabular data
O  XLS (Excel spreadsheet)
O CSV (Comma separated values)

As with figure files, files should be given the standard file extensions. This is especially important for Macintosh users, since the Mac OS does not
enforce the use of standard extensions. Please also make sure that each additional file is a single table, figure or movie (please do not upload linked
worksheets or PDF files larger than one sheet).

Mini-websites
Small self-contained websites can be submitted as additional files, in such a way that they will be browsable from within the full text HTML version
of the article. In order to do this, please follow these instructions:
1.  Create a folder containing a starting file called index.html (or index.htm) in the root
2. Putall files necessary for viewing the mini-website within the folder, or sub-folders
3. Ensure that all links are relative (ie "images/picture.jpg" rather than "/images/picture.jpg" or "http://yourdomain.net/images/picture.jpg" or
"C:\Documents and Settings\username\My Documents\mini-website\images\picture.jpg") and no link is longer than 255 characters
4. Access the index.html file and browse around the mini-website, to ensure that the most commonly used browsers (Internet Explorer and
Firefox) are able to view all parts of the mini-website without problems, it is ideal to check this on a different machine
5. Compress the folder into a ZIP, check the file size is under 20 MB, ensure that index.html is in the root of the ZIP, and that the file has .zip
extension, then submit as an additional file with your article

Style and language

General
Currently, BMC Veterinary Research can only accept manuscripts written in English. Spelling should be US English or British English, but not a
mixture.

Gene names should be in italic, but protein products should be in plain type.

There is no explicit limit on the length of articles submitted, but authors are encouraged to be concise. There is no restriction on the number of figures,
tables or additional files that can be included with each article online. Figures and tables should be sequentially referenced. Authors should include all
relevant supporting data with each article.

BMC Veterinary Research will not edit submitted manuscripts for style or language; reviewers may advise rejection of a manuscript if it is
compromised by grammatical errors. Authors are advised to write clearly and simply, and to have their article checked by colleagues before
submission. In-house copyediting will be minimal. Non-native speakers of English may choose to make use of a copyediting service.

Help and advice on scientific writing

The abstract is one of the most important parts of a manuscript. For guidance, please visit our page on "Writing titles and abstracts for scientific
articles" Tim Albert has produced for BioMed Central a list of tips for writing a scientific manuscript. MedBioWorld also provides a list of resources
for science writing.

Abbreviations
Abbreviations should be used as sparingly as possible. They can be defined when first used or a list of abbreviations can be provided preceding the
acknowledgements and references.

Typography
. Please use double line spacing.

Type the text unjustified, without hyphenating words at line breaks.

Use hard returns only to end headings and paragraphs, not to rearrange lines.

Capitalize only the first word, and proper nouns, in the title.

All pages should be numbered.

Use the BMC Veterinary Research reference format.

Footnotes to text should not be used.

Greek and other special characters may be included. If you are unable to reproduce a particular special character, please type out the name
of the symbol in full.
Please ensure that all special characters used are embedded in the text, otherwise they will be lost during conversion to PDF.

Units
Sl Units should be used throughout (liter and molar are permitted, however).
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