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RESUMO

CARDOSO, Saulo  Pereira. PARAMETROS = HEMORREOLOGICOS,
HEMATOLOGICOS, BIOQUIMICOS E DE CITOCINAS SERICAS EM CAES
NATURALMENTE INFECTADOS POR Ehrlichia canis TRATADOS E NAO
TRATADOS COM DOXICICLINA. 2024. 90f. Tese (Doutorado em Ciéncias
Veterinarias) — Faculdade de Medicina Veterinaria, Universidade de Mato Grosso,
Cuiaba, 2023.

Esta tese apresenta uma avaliagao da viscosidade sanguinea de caes naturalmente
infectados por Ehrlichia canis antes e apds o tratamento com doxiciclina, 10mg/kg,
BID, por 28 dias, e as correlagbes desta viscosidade com parédmetros hematolégicos,
bioquimicos, hemorreoldgicos e citocinas. Foram obtidas amostras de sangue de 59
cées em Barra do Gargas, MT. Os cées positivos na PCR para E. canis e negativos
para Leishmania infantum e Babesia sp. foram incluidos no grupo de avaliagao para
EMC. Os céaes negativos para E. canis, L.infantum e Babesia sp. foram incluidos no
grupo de controle. Foram emparelhados dois grupos, um positivo e o outro, controle,
cada um com 20 animais. O grupo pos-tratamento com doxiciclina foi composto por
sete cdes. Com base nos resultados, foram desenvolvidos dois manuscritos. O
primeiro avaliou o perfil hemorreolégico de dois grupos de 20 caes (positivo e
controle), comparando-o com os dados hematoldgicos e bioquimicos de proteinas e
triglicerideos séricos. A viscosidade do sangue do Erliquiose Monocitica Canina
(EMC) ¢ inferior a do grupo de controlo (p < 0,05). Os valores médios dos eritrocitos,
hematdcrito, hemoglobina, plaquetas e albumina dos caes infectados foram inferiores
aos do grupo de controlo (p < 0,05). A diminuicdo dos eritrocitos influenciou a
diminuicdo da viscosidade do sangue (r=0,84; p<0,05), mas as propriedades
tixotropicas do sangue foram mantidas. A viscosidade do sangue correlacionou-se
com as proteinas totais (r=0,51; p<0,05) e com a albumina (r=0,45; p<0,05) em caes
com EMC. A albumina também se correlacionou com os eritrécitos (r=0,62; p<0,05),
demonstrando sua influéncia no comportamento reolégico do EMC. O segundo
manuscrito, baseado em dados obtidos do grupo controle (N=11), e cdes com EMC
antes (N=7) e depois do tratamento com doxiciclina (N=7), avaliou a resposta do
comportamento reoldgico antes e depois do tratamento com doxiciclina, comparando-
a com dados hematolégicos e citocinas séricas pro-inflamatérias e reguladoras.
Observou-se redugao de leucdcitos e linfocitos totais (p<0,05) nos caes infectados por
E. canis, mesmo apos o tratamento. Houve um aumento de mondcitos, eosindfilos e
plaquetas apds o tratamento com doxiciclina (p<0,05). Houve uma diminui¢do do TNF
a (p<0,05) e um aumento da IL 113 (p<0,05) no EMC. No EMC, a viscosidade do
sangue correlacionou-se com IL 10 (r= 0,797; p<0,05) e IL 12 (r=-0,838; p<0,05).
Esses dados sugerem que alteracdes nos leucodcitos, viscosidade, niveis de IL 11B e
TNF a em cées infectados por E. canis podem ser importantes biomarcadores para o
diagnostico da doenga. Assim, as alteragbes hematologicas, principalmente nos



eritrocitos, na albumina sérica e no perfil de citocinas, interferem nos parametros
reologicos do sangue de caes com EMC.

Palavras-chave: Erliquiose Monocitica Canina, imunologia, reologia, albumina,
anemia.



ABSTRACT

CARDOSO, Saulo Pereira. HEMORHEOLOGICAL, HEMATOLOGICAL,
BIOCHEMICAL AND SERIC CYTOKINE PARAMETERS IN DOGS NATURALLY
INFECTED BY Ehrlichia canis TREATED AND NOT TREATED WITH
DOXYCYCLINE. 2024. 90f. Tese (Doutorado em Ciéncias Veterinarias) — Faculdade
de Medicina Veterinaria, Universidade de Mato Grosso, Cuiaba, 2023.

This thesis presents an evaluation of the blood viscosity of dogs naturally infected by
Ehrlichia canis before and after treatment with doxycycline, 10mg/kg, BID, for 28 days,
and the correlations of this viscosity with hematological, biochemical, hemorheological,
and cytokine parameters. Blood samples were obtained from 59 dogs in Barra do
Gargas, MT. Dogs that tested positive in the PCR for E. canis and negative for
Leishmania infantum and Babesia sp. were included in the evaluation group for CME.
Dogs negative for E. canis, L.infantum, and Babesia sp. were included in the control
group. Two groups were paired, one positive and the other control, each with 20
animals. The doxycycline post-treatment group consisted of 7 dogs. Based on the
results, two manuscripts were developed. The first evaluated the hemorheological
profile of two groups of 20 animals (positive and control), comparing it with the
hematological and biochemical data of serum proteins and triglycerides. CME's Blood
viscosity is lower than the control group (p < 0.05). The mean values of the infected
dogs' erythrocytes, hematocrit, hemoglobin, platelets, and albumin were lower than
those of the control group (p < 0.05). The decrease in erythrocytes influenced the
decrease in blood viscosity (r=0.84; p<0.05), but the thixotropic properties of the blood
were maintained. Blood viscosity correlated with total proteins (r=0.51; p<0.05) and
albumin (r=0.45; p<0.05) in dogs with CME. Albumin also correlated with erythrocytes
(r=0.62; p<0.05), demonstrating its influence on the rheological behavior of CME. The
second manuscript, based on data obtained from a control group (N=11), a group
before (N=7) and after treatment with doxycycline (N=7), evaluated the response of
rheological behavior before and after treatment with doxycycline, comparing it with
hematological data and pro-inflammatory and regulatory serum cytokines. A reduction
in total leukocytes and lymphocytes (p<0.05) was found in dogs infected by E. canis,
even after treatment. There was an increase in monocytes, eosinophils, and platelets
after treatment with doxycycline (p<0.05). There was a decrease in TNF a (p<0.05)
and an increase in IL 11 (p<0.05) in CME. In CME, blood viscosity correlated with IL
10 (r= 0.797; p<0.05) and IL 12 (r=-0.838; p<0.05). These data suggest that changes
in leukocytes, viscosity, IL 113, and TNF a levels in dogs infected with E. canis may
be important biomarkers for diagnosing the disease. Thus, hematological changes,
especially in erythrocytes, serum albumin, and the cytokine profile, interfere with the
rheological parameters of the blood of dogs with CME.

Keywords: canine monocytic ehrlichiosis, immunology, rheology, albumin, anemia
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1 INTRODUGAO

As bactérias da familia Anaplasmataceae podem infectar células sanguineas
como leucdcitos ou plaquetas, levando a disturbios sistémicos em animais (SAINZ et
al., 2015). A Erliquiose Monocitica Canina (CME) é causada pela Ehrlichia canis (E.
canis), uma bactéria dessa familia, gram-negativa, intracelular-obrigatéria e com
tropismo por células mononucleares. Essa bactéria comumente infecta céaes
domésticos, seu principal reservatorio, e € transmitida por meio de picadas de
carrapatos, como o ixodideo Riphicephalus sanguineus.

A EMC é uma doenga com distribuicdo cosmopolita, que acomete
principalmente regides tropicais e subtropicais (MAVROMATIS et al., 2006). O Brasil
um dos pais onde a doenga é mais prevalente. A taxa de prevaléncia varia conforme
cada regido do pais, havendo relato de taxas entre 22% e 76% nas regides mais
guentes como Nordeste, Sudeste e Centro-Oeste, enquanto na regido Sul essas taxas
sdo menores com relatos que vao de 1 a 25% (VIEIRA et al., 2011; DANTAS-TORRES
et al., 2020; PACHECO et al., 2021).

A EMC possui trés fases, com diferentes sinais clinicos, muitos deles
inespecificos. A fase aguda pode apresentar febre, secre¢do oculonasal, anorexia,
emagrecimento, dispneia, linfadenopatia, esplenomegalia, mucosas palidas,
hemorragias, sinais neurologicos, trombocitopenia, edema, uremia, ictérica e
claudicagdo (RAMAKANT; VERMA; DIWAKAR, 2020; DINIZ e AGUIAR, 2022). Na
fase subclinica, os caes tém melhora clinica aparente, mas pode ter alguns sinais
como esplenomegalia e febre intermitente (MYLONAKIS E THEODOROU, 2017).
Alguns caes desenvolvem a forma crénica que possui pior prognostico, que pode ter
sinais leves ou graves, caracterizada por hemorragias (MYLONAKIS et al., 2004),
depressao, perda de peso, linfadenopatia, trombocitopenia, anemia, pancitopenia
(RAMAKANT, VERMA E DIWAKAR, 2020), poliartrite, lesdes oculares graves
(MYLONAKIS E THEODOROU, 2017), hepatoesplenomegalia, glomerulonefrite,
linfadenopatia, emaciagao, entre outros, e que podem ser fatais (SAINZ et al., 2015).

Para causar infecgdo, a E. canis precisa escapar da sua eliminacao pelo
sistema imunoldgico. Para tanto, a bactéria causa disturbios no ambiente intracelular

e modula a produgao de citocinas para favorecer uma infecgao persistente (LINA et
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al., 2016). Inclusive, E. canis pode inibir a apoptose celular por diferentes vias (ZHANG
et al, 2004). A sobrevivéncia da Ehrlichia no hospedeiro é dependente da inibicao da
resposta imunoldgica do tipo T helper 1 (Th1). A interleucina interferon gama (IFN-y),
ligada a resposta Th1, é responsavel por ativar os mondcitos infectados que eliminam
os microrganismos intracelulares (LINA et al., 2016).

A infeccdo por E. canis pode levar a anormalidades hematoldgicas
significativas em cées, como anemia, trombocitopenia e a pancitopenia (PALACIOS;
ARTEAGA; CALVO, 2017; BONILLA ALDANA et al., 2022). Estudos demonstraram
que algumas alteragbes sanguineas em caes como anemia (SILVA et al., 2018),
podem causar alteragcdes na viscosidade sanguinea. Outras alteragdes que fetam os
sangue como modificagdo da pressao arterial (DHAS; BANERJEE; MISHRA, 2020), a
sindrome de hiperviscosidade (MOUTZOURI et al., 2008) e a diabetes (FRANCA et
al., 2018) podem alterar a viscosidade sanguinea em humanos. Da mesma forma,
caes infectados com bactérias da familia Anaplasmataceae apresentaram diminuigéo
da viscosidade (CARDOSO et al., 2020). No entanto, os efeitos da infeccdo por E.
canis em parametros hemorreoldgicos de cées, como viscosidade do sangue, ainda
nao foram elucidados.

A hemorreometria permite a mensuracao da viscosidade sanguinea com uso
do rebmetro, uma ferramenta que avalia a capacidade de um liquido fluir,
considerando a resisténcia a se dissipar ao ser |he aplicada uma pressao
(KALELIOGLU et al., 2019). A viscosidade do sangue é crucial na manutencéo da
pressao arterial sistémica e da gasometria (CABRALES; INTAGLIETTA; TSAI, 2005),
pois ajuda a manter as propriedades reoldgicas do sangue e restaurar as condi¢gdes
homeostaticas (CABRALES; TSAI; INTAGLIETTA, 2007).

Alguns trabalhos apontam perspectivas promissoras no entendimento dos
mecanismos imunopatolégicos e imunohemorreoldgicos em infecgdes por parasitos
intracelulares. As infecgdes, como a malaria, podem causar alteracdes na viscosidade
sanguinea, e a interagado com citocinas pode atuar como um agente imunomodulador
durante a infeccdo (SCHERER et al., 2016). E possivel que cies infectados por E.
canis tenham apresentado alteragcbes nos niveis de citocinas, o que pode estar
relacionado as alteragbes hematoldgicas da doencga.

A EMC é uma doenca que frequentemente € alvo de discussdo em pesquisas
devido a alguns fatores como: elevada taxa de infeccao em caes (VIEIRA et al., 2011);

dificil controle de sua transmissao por ter carrapatos vetores, que se reproduzem
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facilmente em paises de clima quente; o tratamento da enfermidade em geral é longo,
com duragado de 28 dias; as tetraciclinas: doxiciclina e minociclina, e a rifampicina
podem ndo garantir a eliminagao total de E. canis do organismo do hospedeiro, apesar
da melhora clinica (MYLONAKIS; HARRUS; BREITSCHWERDT, 2019); A EMC tem
importancia epidemiolégica relevante e pode ser fatal (SAINZ et al., 2015); ndo possui
uma vacina comercial disponivel (RUDOLER et al., 2012); e possui casos de infecgao
em humanos, o que demostra a importancia para saude publica (PEREZ et al., 2006).

Além disso, estudos indicam que a doxiciclina € relatada como uma droga
eficaz no tratamento de infecgdes por E. canis (LANZA-PEREA et al., 2009; MCLURE
et al., 2010; FOURIE et al., 2015; MYLONAKIS et al., 2019) devido a sua capacidade
de penetrar nas células. No entanto um autor contrapde sobre tal eficacia nos casos
subagudos e crbénicos de EMC, indagando sobre a n&o resolugdo da infecgéo
perpetuando-se os sinais clinicos que podem ser fatais (FOURIE et al., 2015). Além
disso, nenhuma pesquisa estabelece uma conexao entre os efeitos da doxiciclina na
viscosidade e nas citocinas.

Diante do exposto, o presente trabalho objetivou avaliar os parametros
hemorreoldgicos, hematoldgicos, bioquimicos e de citocinas séricas em caes tratados
e nao tratados com doxiciclina. Tal investigacdo nos permite entender sobre os
mecanismos imunoldgicos, hematoldégicos e bioquimicos que alteram o
comportamento reolégico e também como o tratamento da EMC pode influenciar
nesse processo. Assim buscou-se delinear um ensaio clinico, coletando amostras de
sangue e/ou medula éssea de caes naturalmente infectados por E. canis na cidade

de Barra do Gargas — MT para entender um pouco mais sobre esses mecanismos.
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2 OBJETIVO GERAL

- Avaliar a relagao de parametros hemorreologicos, hematoldgicos, bioquimicos, e de
citocinas séricas em caes com Erliquiose Monocitica Canina tratados e n&o tratados

com doxiciclina.

2.1 Objetivos especificos:

- Caracterizar o perfil hemorreoldgico de caes infectados com Ehrlichia canis.
- Correlacionar o perfil hemorreoldgico com parametros hematologicos, bioquimicos

de proteinas séricas totais, albumina e triglicérides.

Artigo 1 — Caracterizacao da correlagdo hemorreoldgica, hematoldgica e de proteinas

séricas de caes infectados naturalmente por Ehrlichia canis

Submetido em: Revista Brasileira de Parasitologia Veterinaria

2.1 Objetivos especificos:

- Avaliar em amostras de sangue de caes com infec¢ao por E. canis tratados e nao
tratados com doxiciclina os parametros hematoldgicos, perfil hemorreoldgicos e as
citocinas séricas.

- Comparar mecanismos da alteragcdo hemorreoldgica correlacionada com as
alteracdes hematologicas

- Elucidar mecanismos da alteragdo hemorreoldgica correlacionada com a produgao
de citocinas séricas.

- Correlacionar mecanismos de alteracdo hematoldgica correlacionada com a

producgao de citocinas séricas.

Artigo 2 - Effects of doxycycline treatment on hematological parameters, viscosity and

cytokines in canine monocytic ehrlichiosis

Publicado em: Revista Biology - EISSN 2079-773
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3 REVISAO BIBLIOGRAFICA

3.1 Etiologia

Ehrlichia canis é uma bactéria da familia Anaplasmataceae, filo
Proteobacteriota, ordem Alphaproteobacteria e classe Rickettisiales (SCHOCH
et al., 2020). E um microrganismo gram-negativo, intracelular-obrigatério, que se
replica em vacuolos intracelulares de mondcitos devido a seu tropismo
especifico (SONGER E POST, 2005). Esses vacuolos contem colénias com mais
de 400 células bacterianas em seu interior, e este conjunto colonica-vacuolos é
a denominada morula (HACKSTADT, 1998).

Ehrlichia tem forma cocoide ou de bastonete, de tamanhos variaveis de
0,2 a 0,5 micrémetros (um) de diametro e 0,8 a 2,0 ym de comprimento. Para se
desenvolverem e replicarem dentro das células esses microrganismos utilizam o
aminoacido para gerar energia via Adenosina Tri-Fosfato (ATP) e outros
nutrientes para replicagdo (AZIZ et al., 2023). Cada célula bacteriana contem
acido ribonucleico (RNA), acido desoxirribonucleico (DNA) e ribossomos
(GANTA, 2013a; GANTA, 2013b). O genoma do género Ehrlichia é pequeno,
possui entre 0,8 a 1,5 milhdes de pares de base (ANDERSSON E KURLAND,
1998). A espécie E. canis possui um genoma completo de 1.315.030 pares de
base que podem codificar 925 proteinas, 40 espécies de RNA estaveis, 17
pseudogenes putativos e possui uma extensa parte de sequéncia nao codificante
que representa 27% de todo seu genoma (MAVROMATIS et al., 2006).

As bactérias da familia Anaplasmataceae se diferem da familia
Rickettsiaceae por nao possuirem peptidoglicanos em suas membranas
celulares (QUINN et al., 2011), e nem lipopolissacarideos (LPS). Deste modo, a
Ehrlichia tem apenas uma membrana de colesterol que provém da célula
hospedeira que parasita (LIN E RIKIHISA, 2003). Com relagao ao tropismo, as
bactérias da familia Anaplasmataceae infectam células de origem
hematopoiética, enquanto as da familia Rickettsiaceae infectam células
endoteliais (QUINN et al., 2011). Durante o processo de infecgéo celular, as
bactérias da ordem Rickettsiales possuem uma forma infectante chamada de
célula de nucleo denso, que permite sua entrada na célula hospedeira, e uma

forma vegetativa, chamada célula reticulada, capaz de se multiplicar por fissao
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binaria. Ao infectarem as novas células, as formas infectantes permanecem no
interior de vacuolos, ou fagossomos, impedem a fusdo com lisossomos e,
depois, se tornam em formas vegetativas que se proliferam e desenvolvem a
morula. O processo inverso pode ocorrer, apés a maturacdo das formas
vegetativas, ocorre a liberagédo das bactérias por exocitose ou por lise das células
hospedeiras, liberando-as para infectarem novas células (PRUNEAU et al.,
2014).

Além de E. canis, ha outras espécies que infectam diversos outros
animais e que foram identificadas e classificadas como E. chafeensis, E. ewingii,
E. minasensis, E. muris, E. ovina e E. ruminatium. Ainda dentro do grupo de E.
canis, ha espécies que foram identificadas em mamiferos silvestres, mas ainda
nao cultivadas in vitro e, portanto, ainda nao foram classificadas, sao elas:
Candidatus Ehrlichia regneryi, Candidatus Ehrlichia shimanensis e Candidatus
Ehrlichia zunyiensis (SCHOCH, et al.,, 2020). As espécies de Ehrlichia se
diferenciam pela sequéncia de genes de RNA ribossomal 16S, que permite a
divisdo em trés genogrupos (MAHAN et al., 1999), e pelas proteinas codificadas
pelo gene groESL (SUMNER et al., 1997).

Dentre as espécies descritas nesssa se¢ao, apenas as espécies E.
canis, E. ewingii e E. chaffeensis sdo relatadas como agentes infecciosos de
caées (GANTA, 2013a; GANTA, 2013b). A infeccédo por E. ewingii em caes de
Minas Gerais, em que 0s animais apresentaram disturbios hematolégicos, além

de outros sinais de hemoparasitose (OLIVEIRA et al., 2009).

3.2 Breve histoérico

No ano de 1935, na Argélia, foi observada pela primeira vez um
microrganismo de caracteristicas riquetisiais no interior de células
mononucleares de caes. Tal microrganismos foi desrito como Rickettsia canis
(DONATIEN E LETOSQUARD, 1935).

No ano de 1945, foi reclassificada como E. canis por Mashkovky
(STIVAL et al., 2021). Somente na década de 70 nos Estados Unidos, a EMC foi
reconhecida notoriamente como uma doencga importante na medicina veterinaria
por causar a morte de caes pastores alemaes militares que foram utilizados na
guerra do Vietna (HUXSOLL et al., 1970). Ja no Brasil, foi descrito em 1973,
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morulos de Ehrlichia spp. infectando caes no estado de Minas Gerais, em Belo
Horizonte (COSTA et al., 1973).

3.3 Vetor e transmissao

O carrapato R. sanguineus sensu lato (Acari: Ixodida), € o principal vetor
de E. canis que possui distribuicdo cosmopolita em regides tropicais. Também é
encontrado em menor escala em regides de clima temperado, mas em condi¢des
ambientais que proporcionem seu desenvolvimento, como canis e ou areas
internas de construgdes (SAINZ et al., 2015). Além disso, sao seres que podem
sobreviver por mais de 12 meses sem alimento (BOWMAN, 2010).

Em regides do Leste Asiatico, Haemaphysalis longicornis € considerado
o principal vetor de E. canis. Outros ectoparasitos também foram relatados como
vetores, sdo eles: Amblyomma americanum, Haemaphysalis yeni e Dermacentor
variabilis (AZIZ et al., 2022).

Uma vez infectado por E. canis, o vetor se torna uma fonte de infecgéo
por toda a vida, desde a forma larval, até a adulta. Logo, mesmo apds passar
pelos diferentes estagios de desenvolvimento, os tecidos do carrapato se
mantem, sendo classificada como uma transmissao transestadial (AZIZ et al.,
2022). Em trés horas ap0s o vetor se fixar no hospedeiro, ocorre a transmissao
da bactéria infectando o animal (SAINZ et al., 2015). No vetor, E. canis coloniza
as células das glandulas salivares do aparelho bucal, os hemdécitos da hemolinfa
e as células intestinais (SMITH et al., 1976).

O aumento do numero de casos de EMC em determinada regido esta
correlacionado com a distribuicdo do vetor no ambiente, sobretudo nos periodos
quentes do ano. Como o R. sanguineus tem predilecdo de repasto em canideos,
do que em outros animais, a exposicao ambiental de cades em areas endémicas
€ um fator de risco consideravel para infecgdo por E. canis (SAINZ et al., 2015)

A infecgao ocorre no momento em que o carrapato R. sanguineus realiza
a hematofagia em um hospedeiro suscetivel. A saliva contaminada com E. canis
presente em seu aparelho bucal € entdo inoculada no local de penetragao no
hospedeiro. As larvas, as ninfas e as formas adultas do carrapato infectadas por
E. canis podem transmitir o patégeno. Nao ocorre transmissao transovariana de

E. canis das formas adultas de carrapatos para as formas larvais no processo de
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reproducdo de R. sanguineus. Os carrapatos apenas se infectam quando se
alimentam de animais infectados que estejam em fase de bacteremia da doenga,
comumente na fase aguda (AZIZ et al., 2022).

Apesar da transmissao vetorial de E. canis € o principal modo de
infeccdo, a transfusdo sanguinea de um hospedeiro infectado para um nao
infectado também deve ser considerada como potencial causa de EMC em caes
(SHERDING, 2006; BORIN et al., 2009).

3.4 Patogenia

A EMC é uma enfermidade com sinais clinicos inespecificos e que
podem variar de cao para cao de acordo com a fase da doenca, seja ela aguda,
subclinica ou cronica (AZIS et al., 2022). Estes sinais clinicos estao relacionados
a patogenia da doenca em que E. canis pode infectar diversos tecidos, causando
vasculite ou perivasculite sistémica (CASTRO et al., 2022), e ao consumo de
plaquetas, de forma direta ou indiretamente (SHROPSHIRE; CHRISTINE;
LAPPIN, 2018).

Além disto, a patogenia esta intimamente ligada a resposta imunologica
(CASTRO et al., 2022), devido aos mecanismos de escape desenvolvidos pelo
patdgeno para garantir sobrevivéncia e multiplicacdo. Possui 12 diferentes
proteinas de superficie que facilitam sua entrada nas células hospedeiras
(MAVROMATIS et al., 2006; ROGAN et al., 2021).

O periodo de incubagao pode durar entre 8 a 20 dias (KUMAR et al.,
2023). E o periodo em que bacteremia e disseminacéo pelos tecidos levam a
lesdes suficientes para causar danos sistémicos e ao aparecimento dos
primeiros sinais clinicos. Os produtos da resposta inflamatoéria, sobretudo no
figado, desenvolvem lesdes e morte celular de hepatécitos (TOMINELLO et al.,
2019).

Os caes com EMC apresentam elevada producao de 6xido nitrico a partir
do 18° dia pods infeccdo, provavelmente pela resposta celular do tipo Th1 para
tentar debelar o patégeno. Contudo, o éxido nitrico € um marcador de estresse
oxidativo celular, que pode causar alteragdes em membranas celulares, acidos
nucleicos e proteinas. Este mecanismo pode estar relacionado com o
agravamento de EMC em cées (DA SILVA et al., 2013).
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A baixa significativa de plaquetas na EMC é o principal sinal observado
nos parametros hematolégicos dos caes (AZIS et al., 2022). Tal queda esta
ligada a diferentes fatores: consumo excessivo de plaquetas devido a lesdes
endoteliais, destruicdo por agdo imunoldgica e um aumento sequestro esplénico
destas plaquetas (SMITH et al, 1975; SHROPSHIRE; CHRISTINE; LAPPIN,
2018).

Foi descrito que ha um fator de inibicdo de migragédo de plaquetas que
favorece o sequestro esplénico (ABEYGUNAWARDENA; KAKOMA; SMITH,
1990). Assim, a trombocitopenia estd ligada ao quadro de hemorragias
comumente observado nos cdes com EMC nas fases aguda e crbnica, o que
debilita bastante os cées e pode ser fatal (RAMAKANT; VERMA; DIWAKAR,
2020). Nem sempre caes com trombocitopenia grave apresentam hemorragias.
Uma possivel teoria seria o estado hipercoagulavel e de baixa fibrindlise do
sangue de caes infectados durante a fase aguda ou, ainda, um estado ativado
das plaquetas durante a infeccdo, mesmo em contagens muito baixas de
plaquetas, mas que impedem a hemorragia (SHROPSHIRE; CHRISTINE;
LAPPIN, 2018).

Durante a fase aguda, a bacteremia permite a disseminagao de E. canis
e sua proliferacao em tecidos linfoides. A infeccdo de células mononucleares do
tecido linfatico desenvolve uma hiperplasia celular e um aumento de érgaos
linfoides e também no figado (AZIS et al., 2022). A bacteremia durante a fase
aguda € uma das provaveis causas de destruicao de eritrocitos. Apds a fase
aguda, o hospedeiro desenvolve anticorpos para Ehrlichia spp., desenvolvendo
uma hiperglobulinemia, fase em que animal ndo apresenta sinais clinicos. Entéo,
a bactéria se aloja em tecidos do animal como o bago, um dos 6rgaos alvo para
incubacaoe replicagao de E. canis, onde persiste por anos (SAHOO et al., 2022).
Um experimento utilizando técnica molecular de polimerase de reacdo em cadeia
(PCR) em caes com suspeita de EMC, demonstrou que a E. canis pode nao ser
mais encontrada em sangue periférico durante a fase subclinica da doenca.
Porém a bactéria ainda ser detectada em tecidos como medula 6ssea, baco,
figado e linfonodos (RODRIGUEZ-ALARCON et al, 2020).

A infeccao persistente, quando nao tratada, pode levar a forma crénica
de EMC e causar aplasia de medula 6ssea, sendo considerada a forma mais

grave da doenca (AZIS et al., 2022). As hemorragias na fase crénica tem relacéo
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direta com a trombocitopenia grave devido a hipoplasia ou aplasia de medula
o0ssea (HARRUS et al.,, 1999). Além disto, devido a infeccdo pode afetar
diretamente células mononucleares, assim o sistema imunologico torna-se
bastante debilitado ocasionando uma pancitopenia. Esse processo facilita a
entrada de outros patdogenos e as infecgdes secundarias que pioram o quadro
de EMC (SAHOQO et al., 2022).

3.5 Sinais clinicos e clinico-laboratoriais

Na infecgao experimental por E. canis se observa uma enfermidade com
variados sinais clinicos caracterizada por trés fases: aguda, subclinica ou
cronica. Como mencionado anteriormente, os sinais clinicos estio relacionados
a patogenia de EMC, que ¢ sistémica e afeta diversos tecidos, causando lesdes
vasculares (CASTRO et al., 2022).

Em infec¢des naturais por E. canis a distincado das fases nao é clara
(LIMA et al., 2021), pois os sinais clinicos e clinico laboratoriais sdo inespecificos
e comum as diferentes fases. Diferentes autores descrevem sinais clinicos
diversos (RAMAKANT; VERMA; DIWAKAR, 2020).

Os sinais clinico-laboratoriais como anemia e trombocitopenia sao
comuns a grande maioria dos caes com EMC, principalmente na fase aguda
(AZIS et al., 2022). A Tabela 1 apresenta os sinais clinicos e clinico laboratoriais

em cada fase da doencga para facilitar a compreensao.
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Tabela 1 — Os sinais clinicos e demais carcteristicas das fases aguda, subclinica e cronica de cades com EMC.

Fase aguda Referéncia Fase subclinica  Referéncia Fase crbnica Referéncia
MYLONAKIS;
HARRUS;
. . BREITSCHWERDT . .
Duragéo 3 a5 semanas R%’m&@g‘; \(/zizc'\)/;A' POdevg‘r‘ir;’Sr s ol (2019) 3 d;?m‘;‘r‘]:;e 3 MYLONAKIS et al., 2004
' RAMAKANT,;
VERMA;
DIWAKAR, (2020)
Perda de peso B o
Anorexia InfeccBes secundarias
Eebre Estomatite ulcerativa
Depresséo Letargia
Linfadenomegalia Perda de peso
Esplenomegalia Depressap
Hemorragias Assintomaticos Hemorragli_as MARSHET E DESSI,
o Melena RAMAKANT; VERMA; ou MYLONAKIS E Mucosas palidas 2020
Sinais Hematémese DIWAKAR, 2020 Esplenomegalia e THEODOROU. ~ Edema RAMAKANT, VERMA E
clinicos Mucosas palidas ~RODRIGUEZ-ALARCON febre intermitente 2017 Linfadenomegalia DIWAKAR, 2020
Descarga ocular etal.,, 2020 Diatese hemorrdgica =~ RODRIGUEZ-ALARCON
Sinais Debilitacéo severa etal., 2020
neurolégicos Sinais neurol6gicos
Ictericia Hepatoesplenomegalia
Claudicacao _,Arr|tm|a‘s o
Ascite Polidria e polidipsia
Avrtrite
Hipergamaglobulinemia
) ) Linfocitose
Anemia Trombocitopenia KATAOKA et al. Plasmocitose
Trombocitopenia ) moderada_ ] (2006) Hipoplasia de medula RAMAKANT; VERMA,
Achados Hipoproteinemia ~ RAMAKANT; VERMA; Hipergamaglobulinemia ~ NAKAGHI et al. 6ssea DIWAKAR, (2020)
laboratoriais  Hipoalbuminemia DIWAKAR, (2020) Hipoalbuminemia (2008) Pancitopenia severa ~ RODRIGUEZ-ALARCON
Anemla_ MARSHET E Trombocitopenia et al. (2020)
Leucopenia DESSI (2020) Anemia
RAMAKANT, VERMA E
At ¢ o Bom progndstico, SKOTARCZAK, DIWAKAR, 2020 2020
Progndéstico  Bom prognéstico SAINZ et al., 2015 quando tratado, 2003 Reservado AZIS et al., 2022
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3.6 Interacao parasito-hospedeiro

3.6.1 Resposta imunolégica — imunidade inata

Os microrganismos intracelulares obrigatérios, tal como E. canis, ao
infectarem seu hospedeiro, precisam resistir a imunidade inata para sobreviverem,
isto é, precisam ser fagocitados por macrofagos e neutréfilos e, ainda, impedirem
de serem eliminados (ABBAS et al., 2011).

Os fagodcitos identificam os patégenos por receptores de superficie
celular, como os receptores de membrana do tipo TOLL (TLR) ou do tipo Notch
para entdo os fagocitarem. Para isto, é necessario que os receptores dos fagocitos
reconhegam algum antigeno na superficie do patdgeno, os chamados padrdes
moleculares associados a patégenos (PAMPs), principalmente peptidoglicanos ou
lipopolissarideos (LPS) (TIZZARD, 2014).

A Ehrlichia spp. nao possui peptidoglicanos ou LPS, que sao as estruturas
de superficie de membrana mais conhecidas como ligantes de reconhecimento
por TLR e presentes nas bactérias gram-negativas. Na superficie possuem 12
diferentes proteinas com repeticdo em tandem, que permite o aumento do
repertorio antigénico para evadir a resposta imunolégica (MAVROMATIS et al.,
2006).

A literatura apresenta muitos avangos sobre o conhecimento sobre a
resposta imunolégica em relacdo ao género Ehrlichia, porém os estudos
referentes a E. chafeensis tem ganhado notoriedade, principalmente por ser a
causadora da Erliquiose monocitica humana (EMH) (MCBRIDE E WALKER,
2011).

Um trabalho com E. chafeensis demonstrou que os receptores celulares
de fagécitos envolvidos no processo de infecgao sao os WNT, que ativam vias de
endocitose para permitir a entrada dessa bactéria, em sua forma infectante, em
mondcitos. Além disso, receptores WNT do hospedeiro se ligam a proteina com
repeticdes tandem 120 (TRP120) durante a infecgdo. A TRP120 possui regides
que mimetizam as interagdes dos receptores WNT, as chamadas regides
repetitivas de motivo curto e repetitiva (SLiM) e sao responsaveis pela entrada na
célula hospedeira.

Outras proteinas como TRP32, TRP47 e TRP75 também estao
associados com processo de interagdo parasito-hospedeiro e que se ligam a
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fragmentos de DNA ou outras proteinas da célula hospedeira (ROGAN et al.,
2021). A TRP120 também interage e ativa receptores do tipo Notch, levando a
desregulacado dos TRL2 e 4 da célula hospedeira (BIERLY et al., 2021). Durante
processo de fagocitose, E. chafeensis altera a composigdo da membrana dos
vacuolos e impede a fusdo dos fagossomos com lisossomos, bem como altera o
pH dentro dos vacuolos (YU E WALKER, 2016).

Os macrofagos que fagocitam os microrganismos invasores apresentam
para os linfocitos T um antigeno ligado ao complexo maior de histocompatibilidade
de classe Il (MHC de classe IlI). Nesse momento, ocorre a ativagao dos linfocitos
T que liberam citocinas. As citocinas liberadas, como exmeplo o Interferon gama
(IFN-y), ativam os macrofagos e estes passam sintetizarem espécies reativas de
oxigénio para eliminarem patdégenos intracelulares (TIZZARD, 2014).

Em um ensaio in vitro, foi demonstrado que células infectadas por E. canis
nao expressam MHC de classe Il (TAJIMA E WADA, 2013). Um outro estudo com
infeccdo experimental de cdes com E. canis, sustentou esta hipétese ao verificar
que a expressao de MHC de classe Il em macréfagos e histiocitos em bago e
linfonodos, utilizando técnica de marcagao imunohistoquimica, é reduzida em
relacdo aos cées ndo infectados (CASTRO et al., 2022).

Um estudo demonstrou que camundongos infectados por E. muris sofrem
lesdes hepaticas graves e letais devido a resposta inflamatéria causada pela
doenca. A ativacao de células NK leva a liberacao de citocinas pré-inflamatorias,
anti-inflamatérias e granzimas e que ativam a morte celular (TOMINELLO et al.,
2019).

Durante a fase aguda de EMC, ha aumento progressivo da produgao de
oxido nitrico (NO), ligada a uma resposta Th1. O NO é um mediador inflamatério
que potencializa a resposta imunolégica do hospedeiro e esta associada ao
aumento de proteinas de fase aguda como ceruloplasmina, transferrina,
haptoglobina e glicoproteina acida (DA SILVA et al., 2013).

O aumento de NO leva a oxidacao de proteinas, peroxidacao de lipideos
e, em reposta a esse aumento, ocorre uma agao anti-inflamatéria pela producao
de glutationa redutase (GR), buscando um equilibrio. O desbalango entre a
producdo de NO, GR e outros componentes antioxidativos favorecem a um

aumento de lesdes e sinais clinicos de maior gravidade (DA SILVA et al., 2013).

25



3.6.2 Resposta imunolégica — imunidade adaptativa

A resposta imunologica para eliminagdo de patdégenos intracelulares é
dependente da resposta adaptativa, ou celular, envolvendo principalmente
linfocitos T. A diferenciacédo dos linfocitos T naive em linfocitos T auxiliares com
grupamento de diferenciagao 4 (CD4+), € dependente da ativagao por citocinas
IL-12 produzidas por macrofagos apresentadores de antigenos, levando a
resposta celular do tipo Th1. Para que ocorra a produgéo de IFN-y, os linfocitos T
CD4+ se ligam ao MHC de classe Il dos macréfagos. Assim, o IFN-y ativa os
macrofagos em M1 para produzirem espécies reativas de oxigénio e 6xido nitrico,
eficazes para eliminacdo de microrganismos intracelulares (ABBAS et al., 2011).

Quando os organismos intracelulares estédo localizados no citoplasma, e
nao em fagossomos, ha estimulo para uma resposta mediada por células T
citotoxicas. As células T citotoxicas (TCD8+) reconhecem as células infectadas
por organismos intracelulares ao interagir com moléculas do complexo maior de
histocompatibilidade de classe | (MHC de classe |). Essa interagao faz as TCD8+
tornarem- se citotdxicas e secretarem enzimas e substancias toxicas que lisam as
células e eliminam o agente (ABBAS et al., 2011).

A resposta imunoldgica adaptativa em caes com EMC esta ligada tanto a
resposta celular, com proliferagcao de linfocitos, quanto a resposta humoral com
producao de anticorpos IgG, IgM e IgE (CASTRO et al. 2022). A soroconversao
de caes infectados com E. canis ocorre a partir dos 21 dias pos infecgdo, com
maior producao do isétipo IgG2. A producao de IgM e IgG1 costuma sem baixa
em caes com EMC (MCBRIDE et al., 2003). Um trabalho relatou que caes
infectados por E. canis de forma natural parecem nao apresentar diferengas na
concentragao sérica das citocinas TNF-a e IL-10 em relag&o a caes nao infectados
(LIMA et al., 2015). Durante a fase aguda de EMC, um estudo experimental
demonstrou que leucocitos e esplendcitos apresentam elevada producédo de TNF-
a e de IL-10. Com os passar do tempo, apenas os leucécitos apresentam
producao de IFN- y e ainda em baixa escala (FARIA et al., 2011). Outro trabalho
também verificou elevada produgdo de TNF-a em infecgao experimental por E.
canis (TAJIMA E RIKIHISA, 2005).

A cepa Oklahoma de E. canis leva a uma producao de IgG2 e a uma
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persistente expressao de mRNA para TNF-a e IFN-y (TAJIMA E RIKIHISA, 2005).
Ja a cepa New Mexico, foi verificada a produgao persistente de IL-13 e IL-8
(UNVER; HUANG,; RIKIHISA, 2006).

Em estudo experimental de infec¢ao por E. canis em caes, foi verificada
uma resposta celular do tipo Th1 em tecidos linfoides e regides perivasculares de
orgaos como figado, rim, pulméo, sistema nervoso central, coragao e intestino.
Também ocorreu aumento de linfécitos T CD3+ e linfocitos B ativados na fase
aguda, que expressam principalmente 1gG2+, IgG1+ e IgE+, tanto em 6rgaos
linfoides, quanto em tecidos com perivasculite (CASTRO et al., 2022).

Em infeccbes por Erhlichia sp. ha falta de estimulos para producgao de IL-
12 e inibicdo da produgéao de citocinas IL-15 e IL-18 pelas células mononucleares
e, assim, impede a produc¢ao de IFN-y por células NK e células do perfil Th1. A
auséncia ou baixa producado de IFN-y impede a ativacdo dos macrofagos para
eliminarem patogenos intracelulares. As células NK e células T citotoxicas sédo
importantes na reposta imunoldgica bactérias intracelulares, porém a auséncia
de IL-15 e IL-18 sado importantes para ativacdo dessas células (ZHANG et al.,
2004)

E indiscutivel a importancia do sistema imunolégico para resposta do
organismo animal a entrada de patdégenos. Além da agédo de leucdcitos, outros
tipos celulares sdo capazes de responder a um infecgdo. Quando uma célula nao
leucocitaria é infectada, um dos mecanismos de defesa é a morte celular. A
ativacdo da apoptose da célula infectada constitui um mecanismo eficiente de
defesa (BIERLY et al., 2022).

A ativacao da apoptose pode ocorrer pelas vias extrinseca e intrinseca, ou
ainda uma terceira via, mediada por células T citotoxicas ou por
granzimas/perforinas. Essas trés vias levam a via de execugéo da apoptose, pela
clivagem das caspases 3. Isso gera a desintegracdo do DNA, de proteinas
nucleares e do citoesqueleto. Os corpos apoptéticos formados expressam ligantes
para fagocitos em sua superficie para entdo serem fagocitados e eliminados
(OBENG, 2021; SINGH et al., 2022).

Os patdégenos intracelulares obrigatérios se desenvolvem e multiplicam no
interior das células infectadas, utilizando o aparelho celular do hospedeiro, bem
como seus nutrientes. E essencial que esses patdgenos possuam diversos

mecanismos reguladores que impedem ou perturbam o ambiente celular para que
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nao ocorra a apoptose. Geralmente a via intrinseca, mediada por mitocdndrias,
esta envolvida na regulagao por esses patdégenos (ZHANG et al., 2009).

Um dos mecanismos de inibicdo da apoptose por E. chafeensis é a
desregulagédo da proteina cinase ativada por estresse 2 (JNK2), que é expressa
pela via de transducéao de sinal das proteinas ativadas por mitégenos (MAPK). A
JNK2 é uma proteina importante para contorle da apoptose e sua auséncia causa
defeito no processo de morte celular mitocrondrial. A bactéria é capaz de inibir a
apoptose pela via intrinseca, ligada a mitocéndria, pela desregulagéo de JNK2 ou
pelas vias de sinalizagao de MAPK. A partir das primeiras horas pos infeccéo, E.
chafeensis é capaz de inibir a apoptose e favorecer o prolongamento da vida da
célula infectada (ZHANG et al., 2004).

Outro mecanismo de E. chafeensis ligado a inibicado da apoptose pela via
intrinseca € a o mimetismo da proteina TRP120, em uma das suas por¢des Slim,
que ativa a via Hedgehog (HGD), que modula a agdo da proteina BLC-2 da
membrana mitocondrial, que possui acao antiapoptética. A HGD € uma importante
via de inibicao da apotose em células eucaridticas, e sua inibicado promove a morte
celular (BYERLY et al., 2022). De modo similar, a proteina TRP120 ligante de Wnt
de E. chafeensis promove a desativagao da via de sinalizagao Hippo, que por sua
vez ativa agdo da proteina YAP para gerar uma regulagédo positiva da proteina
GLUT1 envolvida no metabolismo de glicose mitocondrial e que permite a
estabilidade da mitocrondria. Este mecanismo favorece ao prolongamento da vida
células infectada (BIERLY et al., 2023). O receptor Notch intracelular também é
ativado pela TRP120 de E. chafeensis, em uma porgao Slim, o0 que promove uma
interagdo com a proteina X ligada a inibicdo da apoptose (XIAP). XIAP é uma
proteina capaz de inibir a ativagdo das caspases 3 € 9, o que leva a inibicdo da
apoptose (PATTERSON et al., 2023).

Em estudo de infecgdo experimental por E. canis em caes durante a fase
aguda, foi demonstrado que ocorre aumento da expressao de BCL-2 por células
mononucleares no bacgo, linfonodos e figado. De modo diretamente proporcional
também aumento o numero de células apoptéticas. Também demonstrou que as
células possuiam uma baixa marcag¢ao de Bax, e que esse resultado indicaria que

a ativagao da apoptose ocorreria pela via extrinseca (SANCHEZ et al., 2012).
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3.7 Reologia

A reologia estuda o comportamento dos fluidos em se deformarem sob
pressao e a resisténcia periférica que sofrem ao se dissiparem. O comportamento
hemorreoldgico pode ser influenciado pelos componentes celulares e do plasma
sanguineo, a viscosidade sanguinea, a resisténcia periférica sobre os vasos
sanguineos, o volume circulante do sangue e a pressdo do fluxo sanguineo
intravascular (MARTINS E SILVA, 1983). A capacidade de deformagao
eritrocitaria € influenciada pela pressédo sanguinea intravascular, independente do
calibre do vaso, e este fenbmeno é importante para manutencido do fluxo
sanguineo tanto na macro, quanto na microcirculagédo (MARTINS E SILVA, 1983).
Na medicina veterinaria, este campo de estudo ainda possui uma gama de
informacdes a serem investigadas, pois a maioria dos trabalhos ainda ocorre com
pesquisa em humanos.

A hemorreometria permite a mensuragao da viscosidade sanguinea com
utilizagcao do redbmetro, uma ferramenta que mensura a capacidade de um liquido
fluir com base em sua resisténcia a se dissipar ao ser aplicada uma pressao sobre
ele (KALELIOGLU et al., 2019). A viscosidade sanguinea pode ser alterada frente
a algumas enfermidades que afetam o sangue ou seus componentes, assim este
parametro € importante ser avaliado e monitorado em pacientes com doengas que
sabidamente afetam o comportamento reoldgico.

Um fator que altera a viscosidade do sangue de forma marcante é a
concentracao de eritrécitos, pois pacientes com anemia demonstram diminuigao
da viscosidade (MENDLOWITZ, 1948). O aumento da concentracao de leucécitos
e de plaquetas no sangue podem perturbar o fluxo normal da passagem de
eritrocitos, principalmente na microcirculagdo devido ao menor calibre dos
capilares. Em outras palavras, o sangue se comporta similarmente a um fluido
viscoso, apresentando diferentes viscosidades dependendo da quantidade de
células, plaguetas e outros solutos sanguineos (MARTINS E SILVA, 1983;
BASKURT E MEISELMAN, 2003), desta forma, se uma enfermidade altera a
quantidade de células, a deformabilidade eritrocitaria ou componentes séricos, a
viscosidade também é alterada.

Em individuos com hipertensao, a pressao excessiva sobre os eritrocitos
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prejudica sua deformabilidade e isso atrapalha o fluxo normal do fluido pelos vasos
sanguineos (MARTINS E SILVA, 1983). Do mesmo modo, em pacientes com
sindrome da hiperviscosidade, o monitoramento do comportamento reoldgico do
sangue é essencial para avaliagdo do tratamento adotado nessa condigéo
(REINHART E BERCHTOLD, 1992). Além disto, céaes infectados
experimentalmente por E. canis demonstraram que o sangue se torna
hipercoagulavel em comparagdo aos nao infectados (SHROPSHIRE;
CHRISTINE; LAPPIN, 2018).

A propriedade tixotropica do sangue, isto €, a capacidade de manutengao
do fluxo sanguineo ao alterar a viscosidade frente as diferentes taxas de
cisalhamento, ou grau de deformacgao, ao sofrer uma forga compressiva durante
a passagem pelos vasos sanguineos de diferentes calibres, é importante para
manter a integridade dos eritrécitos circulantes. A capacidade de deformacgao
eritrocitaria frente a taxa de cisalhamento sob as diferentes pressées sanguineas,
€ um mecanismo importante para manutengao do fluxo sanguineo. A analise
reométrica de fluidos ndo newtonianos, tal como o sangue, revela uma curva
ascendente e outra descendente que n&o se sobrepdem e delimitam uma area de
histerese entre elas que determina a magnitude da propriedade tixotropica
(FRANCA et al., 2014; SCHERER et al., 2016).

Para compreensao de como ocorre a imunomodulagado do comportamento
reoldgico do sangue em resposta as alteragbes hematolodgicas causadas por
doencgas metabdlicas ou infecciosas, a alteragdo da viscosidade do sangue pode
ser comparada entre doentes e sadios, e esses dados correlacionados com o perfil
de citocinas para investigagdo do processo imunofisiopatolégico, como
demonstrado por Franca et al. (2014) e Scherer et al. (2016).

Disturbios agudos levam a alteracdo da deformabilidade fisioldégica dos
eritrécitos, provavelmente mediada por fatores plasmaticos, enquanto em
disturbios crénicos, como ocorre em diabetes mellitus crénica em humanos,
observa-se alteracao das caracteristicas fisicas dos eritrécitos (LINDERKAMP et
al., 1999). A alteragéo da capacidade de deformabilidade dos eritrocitos, somadas
a outros fatores como aumento da osmolaridade sérica (RIZVI & ZAID, 2001) e
lesdes endoteliais, levam a sindrome de hipervicosidade do sangue
(MOUTZOURI et al., 2008).

Tanto a viscosidade, quanto o fluxo sanguineo se tornam comprometidos
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as alteragdes celulares e plasmaticas que ocorrem em diversas enfermidades. Em
doencas infecciosas, como as causadas por parasitos intracelulares obrigatérios,
pode ocorrer a diminui¢ao da viscosidade sanguinea, como observado em caes
com Leishmaniose Visceral Canina (SILVA et al., 2018).

A hemorreologia foi utilizada em pesquisas para auxiliar no entendimento
de doencgas por parasitos do sangue como o Plasmodium vivax, agente causador
da malaria. Individuos infectados mostraram elevagao da viscosidade sanguinea
e elevados niveis de IFN-y e de IL-17, além de baixa concentracdo de TGF-f3, em
comparacgao aos nao infectados (SCHERER et al, 2016).

A reometria é considerada como uma técnica auxiliar de baixo custo e que
pode servir como uma ferramenta de monitoragdo das condigbes hematolégicas
e do comportamento hemorreolégico de animais infectados por doencas
infecciosas, tal como demonstrado em um estudo que avaliou caes naturalmente
infectados com Leishmania sp. (SILVA et al., 2018), e outro que avaliou caes

infectados por bactérias da familia Anaplasmataceae (CARDOSO et al., 2020).

3.8 Métodos diagnésticos

3.8.1 Diagnéstico parasitologico

A visualizagdo de mérulas de Ehrlichia em esfregagos sanguineos é uma
forma rapida de diagnéstico e de baixo custo. Contudo, o encontro de moérulas em
andlise de esfregagos sanguineos de caes com infecgdes natural por E. canis
pode ser comprometido devido uma baixa parasitemia durante a fase aguda
(SAINZ et al, 2015). Assim, sdo necessarios outros exames para se obter um
diagndstico mais preciso.

As amostras de sangue periférico de caes com suspeita de EMC em que
nao foram visualizadas morulas, ndo assegura que o animal é realmente negativo
(BORIN et al., 2009), devendo ser realizados outros testes para investigagao
diagndstica.

Além disto, outros patégenos podem infectar células mononucleares, assim
o diagnéstico diferencial precisa ser considerado, bem como evitar a classificagao
do cao como falso-negativo nos casos em que as moérulas ndo sao visualizadas
(MYLONAKIS et al., 2003).
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3.8.2 Diagnostico sorolégico (método indireto)

Os testes comerciais disponiveis que detectam anticorpos para Ehrlichia
sdo utlizados para triagem diagnostica (NAKAGHI et al., 2008), mas nao séo téo
sensiveis quanto os testes laboratoriais quantitativos de ensaio imunoenzimatico
(ELISA) ou reagao de imunofluorescéncia indireta (RIFI), que marcam o alvo
especifico com anticorpos, podendo ser utilizado como diagndstico definitivo
(DAVOUST et al, 1991; SILVA et al., 2010).

Os testes sorologicos como RIFI e ELISA permitem a quantificagdo de
anticorpos para titulacdo e pode ser usado em diferentes fases para analisar a
variagédo de anticorpos ao longo do tempo. Contudo, animais que ja debelaram o
patdgeno dos tecidos podem conter anticorpos por meses ou anos, sendo
necessario realizar outro exame para detecgdo de material genético (AZIZ et al.,
2022).

3.8.3 Cultura e isolamento

A cultura de bactérias intracelulares é importante para caracterizagao da
cepa de Ehrlichia canis e mais comumente utilizado em pesquisas (AGUIAR et al.,
2008).

As bactérias da ordem Rickettsialles sdo cultivadas em meios de cultura
celulares em condicbes controladas, e o processo de multiplicagdo dessas
bactérias € de longo periodo, o que torna o processo de diagndstico mais lento
(MCCLURE et al., 2017).

3.8.4 Diagnéstico molecular

Os exames moleculares auxiliam no diagndstico da erliquiose e também
no acompanhamento da eficacia do tratamento. Em areas endémicas e elevada
taxa de infeccdo em caes, mesmo com a visualizacdo de mérulas de Ehrlichia sp.
em esfregagos sanguineos, o exame molecular é importante para identificar e
diferencias as espécies de Ehrlichia sp. que podem sere transmitidas aos caes. A

PCR convencional € uma técnica de detecgao de material genético de E. canis e
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que possui elevadas especificidade e sensibilidade, porém é apenas um exame
qualitativo (NAKAGHI et al., 2010).

A técnica molecular de Real Time PCR (gPCR) quantitativa € uma técnica
mais moderna e permite a contagem da carga parasitaria e ainda é mais segura
contra possiveis contaminagdes durante processamento de amplificagao e leitura
do resultado (DOYLE et al., 2005). Do mesmo modo, a qPCR qualitativa € uma
técnica moderna para diagndstico de qualquer hemoparasitose em caes, mas nao
fornece o valor da carga parasitaria das amostras analisadas (Karunakaran;
Sasidharan; Gopinathan, 2019).

Casos de EMC na fase subclinica, a E. canis pode nao estar em sangue
periférico e, portanto, os exames moleculares podem ter maior chance de
deteccao de material genético de E. canis a partir de aspirados de medula 6ssea
(MYLONAKIS et al., 2003; BORIN et al., 2009).

3.9 Tratamento

A droga mais utilizada para tratamento de EMC ¢é a doxiciclina pelo seu
facil acesso comercial, porém outras drogas do grupo das tetraciclinas também
podem ser utilizadas, como a minociclina. As tetraciclinas possuem amplo
espectro e atuam impedindo a sintese proteica ao inibir a ligagdo de aminoacil-
tRNA ao ribossomo bacteriano. Muitos trabalhos falam sobre a duracdo a
antibioticoterapia variando entre 1 a 8 semanas, utilizando doses 5mg/kg duas
vezes ao dia (BID) ou 10 mg/kg uma vez ao dia (SID), via oral (PO)
(SHROPSHIRE; OLVER; LAPPIN, 2018; MYLONAKIS et al., 2019). A dose de
10mg/kg, BID, pode ser indicada dependendo do caso (DOS ANJOS et al., 2020).
As doses de 5 a 10 mg/kg, utilizando-se por periodo acima de 2 semanas,
apresentaram eficacia na eliminacdo de E. canis, verificado por técnica de
molecular de polimerase de reagdo em cadeia (PCR) a negatividade das amostras
dos caes avaliados. Ja a minociclina é recomendada no tratamento de EMC na
dose de 10mg/kg, BID, por 4 semanas (JENKIS et al., 2018; MYLONAKIS et al.,
2019).

Além do efeito de antibiético, a doxiciclina tem efeito sobre plaquetas e
linfécitos, capaz de melhorar a trombocitopenia causada pela infeccéo
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(SHROPSHIRE; OLVER; LAPPIN, 2018), porém também causa uma diminui¢ao
nos linfocitos por induzir apoptose (VILLAESCUSA et al., 2015). Além disto, o
tratamento com doxiciclina por 28 dias é capaz de alterar o efeito de alteragao na
coagulagdo em cdes com EMC, normalizando o efeito fibrinolitico do plasma
sanguineo (SHROPSHIRE; OLVER; LAPPIN, 2018).

A minociclina é uma tetraciclina que pode ser utilizada alternativamente a
doxiciclina no tratamento de EMC e com eficacia relatada em estudos. Ao
comparar o tratamento de cdes com EMC com doxiciclina na dose de 10mg/kg,
SID, por 3 semanas, e minociclina 20mg/kg, BID, por 3 semana, demonstrou que
a minociclina trouxe melhores resultados nos parameros hematoldgicos e
bioquimicos (KUMAR et al., 2023). Ja a oxitetraciclina de longa acao parece ter
um bom efeito no tratamento de EMC, na dose de 20mg/kg, sendo aplicada uma
dose a cada 72h, por 1 semana (PENA et al., 2018).

A rifampicina € uma droga inibidora da subunidade B de DNA -dependente
da RNA polimerase e que possui eficacia para tratamento de caes com EMC
(MYLONAKIS et al., 2019). O tratamento na dose de 15mg/kg, BID, via oral, por 1
semana (SCHAEFER et al., 2008) parece ter melhor resultado quando comparado
com o tratamento na dose de 10mg/kg, SID, via oral por 3 semanas
(THEODOROWU et al., 2013).

O diprionato de imidocarb € uma droga utilizada para tratamento de
babesiose em caes. Em casos de co-infec¢des de Babesia sp. € E. canis, pode
ser feito um tratamento com esta droga (SAINZ et al., 2015). Porem, n&o é mais
indicado seu uso para tratamento de caes apenas com EMC (MYLONAKIS et al.,
2019). Outras drogas como cloranfenicol, amicarbalida (KUMAR et al., 2023),
enrofloxacina (MYLONAKIS et a., 2019), ja foram relatados no tratamento de caes
com EMC. O tiamfenicol € menos téxico que o cloranfenicol, e testes in vitro
demonstraram que o tiamfenicol é mais ativo em comparagao ao cloranfenicol. As
bactérias E. canis e E. chafeensis possuem pouca suscetibilidade as
fluoroquinolonas (BRANGER; ROLAIN; RAOULT, 2004).

A combinacdo de doxiciclina com associa¢des e outras drogas, como a
prednisona ou ainda com homeopatia (RISHEEN et al., 2022) s&o relatadas como
tratamentos eficientes. A utilizagao de predinosolona na dose de 2mg/kg, PO, SID,
por 5 dias, com doxiciclina 5mg/kg, BID, por 28 dias, ndo apresentou resultado

diferentes em comparagao com uso de doxiciclina na mesma dosagem e de forma
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isolada, demonstrando que ambos tratamentos foram eficazes para melhora
clinica dos parametros hematoldgicos e de proteinograma. A associagao de
doxiciclina, 10mg/kg, SID, com substancia homeopatica a base de Crotalus
horridus 200C, na dose 4 pilulas, quatro vezes ao dia (QID) demonstrou melhores
resultados nos parametros hematoldgicos quando comparados na utilizagdo
isolada de doxiciclina ou de Crotalus horridus 200C (RISHEEN et al., 2022).

O levamisol é um anti-helmintico que também possui acao
imunomodulatéria. A associagdo de doxiciclina, 10mg/kg, SID, por 28 dias, com o
uso de levamisol na dose de 1mg/kg, via subcutanea, em dose Unica, € capaz de
melhorar as taxas de linfécitos e mondcitos, bem como o aumento da
concentracéo total de leucocitos em cées tratados para EMC (SOUZA et al.,
2013).

A escolha da antibioticoterapia para tratamentos de cdes com EMC
depende da avaliagao clinica do paciente. Os caes com pancitopenia por aplasia
medular sdo casos que requerem maior atencao. O tratamento clinico baseado
em evidéncias cientificas, como o uso de doxiciclina ou rifampicina nas doses
recomendas, aprecem ser as melhores opg¢des disponiveis até o momento, com
base na literatura (MYLONAKIS et al., 2019).

A utilizacdo de citocinas para modular uma resposta imunolégica em
pacientes com doencas infecciosas com alteragdes hematolégicas € alo de
discussdes em pesquisas (SCHERER et al., 2016). Entender os mecanismos
fisiopatoldgicos e imunoldgicos envolvidos em cdes com EMC é fundamental para
buscar tratamentos alternativos que favorecam a qualidade de saude do animal e

na melhora das respostas hematologicas e bioquimicas.

3.10 Prognéstico

O progndstico depende da fase da doencga e da severidade dos sinais
clinicos. Alguns caes podem sobreviver a fase aguda e eliminar o agente, porém
alguns desenvolvem a forma subclinica, com nenhum ou poucos sinais clinicos e
alteragdes clinico-laboratoriais (KATAOKA et al., 2006; NAKAGHI et al., 2008;
MARSHET E DESSI, 2020). Os caes mais susceptiveis, como Pastores Alemaes
e Huskys Siberianos possuem maior taxa de mortalidade em relagdo a outros

caes, devido a uma menor resposta celular ao patégeno e desenvolvem sinais
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clinicos mais graves (SAINZ et al., 2015).

A fase subclinica, que geralmente apresenta apenas trombocitopenia e
hiperglobulinemia (AZIS et al, 2022), possui melhor prognoéstico em comparagao
a fase crdnica, e os caes costumam responder ao tratamento.

A fase crénica de EMC possui prognéstico reservado, principalmente
quando os sinais clinicos sdo bastante intensos e animal deixa de responder a a
terapia com antibiéticos. A pancitopenia e as infecgbes secundarias também
prejudicam o tratamento e, normalmente, caes neste estagio sucumbem (SAHOO
et a., 2022).

Ao levar em conta um tratamento adequado da enfermidade, seja nas
fases aguda e subclinica, o trabalho em conjunto entre o clinico veterinario e o
tutor do animal € necessario para ter administracdo da dose correta de doxiciclina
e também no periodo indicado de 4 semanas. Quando o tratamento é feito em
periodo mais curto, os cdes ainda se mantem portadores assintomaticos (Sainz et
al., 2015). Assim, apos final do tratamento, a realizacdo de um exame molecular

de PCR por auxiliar na verificagao da negatividade do paciente (Sainz et al., 2015).

4 MATERIAIS E METODOS

4.1 Comité de ética

Os procedimentos experimentais desenvolvidos neste trabalho foram
aprovados em 05/02/2021 pelo Comité de Etica no Uso de Animais da
Universidade de Mato Grosso — Campus Universitario Araguaia (n°
23108.087992/2020-21) e a coleta de amostras e divulgagcao dos resultados foram
autorizados pelos tutores do cao, mediante assinatura do termo de consentimento

livre e esclarecido.

4.2 Delineamento do estudo

Em um estudo prospectivo foram avaliados clinicamente caes no Hospital
Veterinario Animais e Cia da cidade de Barra do Gargas, sem distingdo de raca
ou sexo, de diferentes idades, selecionados aleatoriamente. Os animais que
apresentavam sinais clinicos sugestivos de EMC e tiveram resultados positivos
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para E. canis em teste de PCR foram inclusos no estudo. Também forma
examinados caes higidos, para se obter o grupo controle do estudo. Os dados
obtidos eram anotados em fichas individuais para cada cao.

Amostras positivas para E. canis em qPCR foram incluidas no estudo. Além
disso, amostras que apresentaram amplificacdgo de DNA em gPCR para
Leishmania infantum e Babesia sp. seriam excluidos, portanto foram excluidos um
total de 19 animais que apresentaram positividade para Leishmania.

Os caes foram acompanhados durante o tratamento com doxiciclina, na
dose de 10mg/kg, BID por 28 dias. Apos este periodo, foi solicitado aos tutores
nova coleta para obtengdo de amostras de sangue e soro.

As amostras de sangue fresco dos animais com suspeita de EMC ou
positivos no teste de PCR foram submetidas a analise reolégica no Laboratério
Cronoimunomodulagao da UFMT — campus Araguaia Il. Essas amostras também
foram submetidas a exame de hemograma e bioquimicos no Hospital Veterinario
Animais e Cia.

Posteriormente, as amostras foram encaminhadas para o Laboratério de
Leishmaniose da UFMT — campus Cuiaba para submetidas a exame de PCR e/ou
gPCR para definigdo de grupos negativos, positivos antes e pos tratamento. As
amostras positivas para E. canis, tanto antes quanto pdés tratamento, foram
submetidas a mensuracdo de citocinas séricas em citometria de fluxo para
avaliagdo da resposta de producdo de citocinas no Laboratério de

Cronoimunomodulag¢do da UFMT — campus Araguaia Il.

4.3 Animais

Durante os anos 2021 a 2022 foram coletadas amostras sangue e/ou
medula 6ssea de 59 caes, de modo aleatdrio, provenientes do Hospital Veterinario
Animais e Cia, da cidade de Barra do Gargas, Estado de Mato Grosso, Brasil (-
15.8891, 15 ° 53' 24” Sul, -52.2634, 52° 15' 24” Oeste).

Os caes passaram por avaliacao clinica e clinico-laboratorial. Os caes com
sinais clinicos sugestivos de EMC e positivos em teste molecular de qPCR para
E. canis, foram os critérios de inclusdao neste estudo. Dentre os critérios de
exclusao do estudo estdo a positividade dos animais para Leishmania sp. (18

caes), animais menores de um ano de idade, e animais em que o tutor nao
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autorizou a pesquisa (1 cao), sendo excluidos ao todo 19 cées. Assim, foram
obtidos 20 caes para o grupo de animais com suspeita clinica de EMC e positivos
para E. canis e 20 caes para o grupo controle, selecionados pela auséncia de
sinais clinicos sugestivos de EMC e negativos para hemoparasitoses (Leishmania
infantum, Babesia sp. e Ehrlichia canis).

Os cées positivos receberam tratamento para Erliquiose Monocitica Canina
com doxiciclina na dose de 10mg/kg, a cada 12 horas por 28 dias consecutivos
(Mylonakis et al., 2019). Contudo, apenas 7 tutores trouxeram sues animais para

verificagao do pés-tratamento.

4.4 Real Time PCR qualitativo (qQPCR)

A extracdo de DNA de sangue total foi realizada usando o método fenol-
cloroformio (SAMBROOK E RUSSELL, 2001). O DNA foi dissolvido em 20mg/ml
de agua ultrapura e armazenado a —20°C. Para garantir a pureza do DNA e a
auséncia de inibidores, testamos as amostras usando um método de PCR para
detectar o gene da B-globina canina. Este gene amplifica um fragmento de 119pb
(QUARESMA et al., 2009). O processo de deteccdo de DNA utilizou os
oligonucleotideos E_can0503F (5'-CAG CAA ATT CCA ATC TGC ACT TC-3') e
E_can0503R (5'-GAG CTT CCA ATT GAT GGGTCT G-3') nos quais o gene
Ecaj 0503 codifica 147 pares de bases de uma proteina hipotética [sistema
E_can0701] (SOCOLOVSCHI et al., 2012).

A analise de PCR qualitativa foi realizada usando um sistema StepOne™
Real-Time PCR System Sequence Detection (Thermo Fisher Scientific,
Massachusetts, EUA). As reacdes foram preparadas em um volume final de 25 pl
contendo intercaladores nao especificos de DNA dupla fita (Sybr Green® Master
Mix, Thermo Fisher Scientific, Massachusetts, EUA), 0,3 uM de cada iniciador e 2
pl de DNA alvo. O programa de reacao consistiu nas seguintes etapas: 94°C por
10 minutos, seguido de 40 ciclos de 94°C por 15 segundos para desnaturacao e
60°C por 30 segundos para anelamento e extensao.

O controle positivo foi um animal positivo para E. canis na PCR com mérulas
no esfregagco de sangue e o controle negativo (reagéo livre de DNA) foi incluido
em todas as PCR. Os produtos amplificados foram submetidos a eletroforese em

gel de agarose a 1,5%. Todos foram corados com Gel Red e visualizados em
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transiluminador (UV-300nm) Chemi-doc (Bio-Rad TM, Berkeley, California, EUA).

E a qPCR para Leishmania infantum utilizou os oligonucleotideos RV1-5’-
CTTTTC TGG TCC GGG TAG G-3’ and RV2-5'-CCA CCT GGC TAT TTT ACA
CCA-3’, que amplificam 145 bp cinetoplasto de L. infantum (Lachaud et al., 2002).

4.5 Polimerase de Reagao em cadeia (PCR) convencional

Na PCR para Babesia sp. foram utilizados oligonucleotideos BAB143-167
-5-CCG TGC TAATTG TAG GGC TAATAC A - 3’ e BAB694-667 - 5- GCT TGA
AAC ACT CTA RTT TTC TCA AAG - 3 que amplifica uma regido de
aproximadamente 550pb do gene 18S rRNA (Almeida et al., 2012). Os produtos
amplificados foram fracionados em eletroforese em gel de agarose 1,5%, corado

com gel red e visualizados em transluminador (UV-300 nm).
4.6 Parametros hematologicos

Amostras de sangue total com EDTA dos caes foram enviadas para analise
laboratorial no Hospital Veterinario Animais e Cia, Barra do Gargas - MT, para
obtenc¢ao de dados hematoldgicos como eritrograma, leucograma e contagem de
plaquetas em aparelho automatizado Icounter Vet, modelo D Check D Plus
[DIAGNO®, Belo Horizonte, Brasil], segundo Sirois (2020). Os valores de
referéncia foram considerados conforme proposto por Rizzi, Meinkoth e
Clinkenbeard (2010).

4.7 Parametros bioquimicos

Amostras de soro dos caes foram enviadas para analise laboratorial no
Hospital Veterinario Animais e Cia, Barra do Gargas - MT, para obtengao de dados
bioquimicos como proteina total, albumina, globulinas, relagdo A/G e triglicérides
em aparelho automatizado Smart 200+ [BioTécnica®, Varginha, Brasil], segundo
Sirois (2020). Os valores de referéncia foram considerados conforme proposto por
Rizzi, Meinkoth e Clinkenbeard (2010).

4.8 Parametros hemorreolégicos
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O sangue total com EDTA de cada cao foi submetido a analise
hemorreométrica para obter dados sobre a viscosidade do sangue. Foi utilizado
um redémetro modular compacto, modelo Anton-Paar® Cone-Plate — MCR 102
[Anton Paar® GmbH, Ostfildern, Alemanhal), e os graficos foram obtidos com o
software Rheoplus.

Para analise hemorreométrica foram utilizados 750uL de sangue total
com EDTA mantendo a temperatura de 37°C na placa com 60 pontos de medig¢ao

de fluxo, conforme proposto por Franga et al. (2014).

4.9 Citocinas

As amostras de soro sanguineo do cao foram submetidas ao preparo para
exame de citometria de fluxo. Foram mensuradas citocinas pro-inflamatérias e
reguladoras, como IL-13, IL-6, IL-8, IL-10, IL-12, TNF-a, segundo Scherer et al.
(2016) e Silva et al. (2018).

Esse processo foi realizado com Citdmetro de Fluxo, modelo FACScalibur
BD®, com marcacao especifica por anticorpos. Os kits Cytometric Bead Array
(CBA) (BD Biosciences, USA®) foram utilizados para essa quantificagdo, e o

processo foi realizado de acordo com as instru¢des do fabricante.

4.10 Analise estatistica

Os dados foram expressos como valores médios e estavam dentro da
curva de normalidade. As diferengas estatisticamente significativas nos valores
medios hematoldgicos, viscosidade sanguinea e citocinas séricas entre os grupos
foram analisadas usando o teste paramétrico ANOVA (um critério) para analise de
variancia com pos-teste de Tukey. Para andlise de varidncia comparativa dos
resultados de médias dos grupos antes e pos tratamento com doxiciclina foi
utlizado Teste t de Student. As correlacbes entre parametros hematoldgicos,
viscosidade sanguinea e citocinas séricas foram analisadas pela correlagao linear
de Pearson. O software utilizado para analise estatistica foi o Bioestat 5.0. A

significancia estatistica foi estabelecida para valores de P menores que 0,05.

5 CONSIDERAGOES FINAIS
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A EMC é uma enfermidade multissistémica e complexa que acomete caes
em todo o mundo. As alteragbes hematoldgicas, principalmente em eritrocitos,
interferem nos parametros reoldgicos do sangue. Portanto, qualquer outro
componente ou parametro que interaja com estes dois primeiros pode influenciar
indiretamente a viscosidade sanguinea de caes com EMC.

A albumina é uma importante proteina de fase aguda negativa a ser
monitorada em cdes com EMC e esta relacionada a alteracido com a diminuigcéo
da viscosidade sanguinea nestes animais.

As alteragdes hematoldgicas e de citocinas séricas perturbam as
propriedades reoldgicas do sangue. Os caes infectados com E. canis parecem se
adaptar as alteragbes hemorreoldgicas e assim garantir o fluxo sanguineo para
todos os tecidos. A qPCR demonstrou ser uma técnica diagnostica sensivel e
especifica para detecgao de E. canis e que pode ser utlizada com seguranca para
acompanhamento do tratamento de EMC.

O tratamento com doxiciclina na dose de 10mg/kg, BID, por 28 dias se
mostrou eficaz na correcdo de parametros hematolégicos, com excegdo dos
linfocitos que diminuem apéds o tratamento. O tratamento com doxiciclina também
parece influenciar na alteragcdo do comportamento reoldgico, pois o grupo de caes
infectados e no pés-tratamento, apresentaram média da viscosidade sanguinea
menor em relagdo ao grupo antes do tratamento. A busca pelo entendimento
desse mecanismo com auxilio da imunologia pode evidenciar novas interagdes
que ocorrem com 0s parametros reoldgicos e porque se alteram.

Mais estudos sdo necessarios para compreender as alteragdes
hemorreoldgicas em caes com EMC, envolvendo principalmente citocinas para
elucidar o papel de outras proteinas séricas e do perfil lipidico no comportamento

hemorreoldgico.
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Abstract

Canine monocytic ehrlichiosis (CME) is an infectious vector-borne disease that causes
hematological changes in dogs. This study aimed to correlate hematological and
hemorheological parameters, serum proteins, and triglycerides in dogs with CME. A total
of 59 blood and/or bone marrow samples were collected from dogs with or without clinical
signs suggestive of CME. Blood samples with EDTA were subjected to rheological
analysis to investigate blood viscosity. After real-time molecular testing (qQPCR), 20 dogs
with Ehrlichia canis infection and 20 dogs without clinical sings were selected. The
selected samples were negative for Leishmania infantum and Babesia sp.. Hematological
and biochemical data were also obtained from total protein, albumin, globulin, and
triglycerides. The blood viscosity of infected dogs is lower compared to the control group.
The mean values of erythrocytes, hematocrit, hemoglobin, platelets and albumin of infected
dogs were lower than those of the control group. The decrease in erythrocytes had an

influence on the decrease in blood viscosity. Total protein and albumin correlated with
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blood viscosity in infected dogs. Dogs with CME have decreased blood viscosity, mainly
due to anemia caused by the disease and the interaction with negative acute phase proteins.

Keywords: Ehrlichia canis, blood viscosity, hysteresis curve, anemia, acute fase protein.

Resumo

A erliquiose monocitica canina (CME) ¢ uma doenga infecciosa, transmitida por um vetor,
que causa alteragdes hematologicas em caes. Este estudo objetivou correlacionar
parametros hematoldgicos, hemorreoldgicos, proteinas séricas e triglicérides em caes com
CME. Foram coletadas 59 amostras de sangue e/ou medula 6ssea de caes com ou sem
alteracdes clinicas sugestivas de CME. As amostras de sangue com EDTA foram
submetidas a analise reoldgica para investigagdo da viscosidade sanguinea. Apds exames
moleculares em tempo real (qPCR), foram selecionados 20 cdes com infeccdo por
Ehrlichia canis e 20 cades sem alteracdes clinicas. As amostras selecionadas foram
negativas para Leishmania infantum ¢ Babesia sp.. Também foram obtidos dados
hematologicos e bioquimicos de proteina total, albumina, globulina e triglicérides. A
viscosidade sanguinea de cdes infectados ¢ menor em relagao ao grupo controle. Os valores
médios de eritrocitos, hematocrito, hemoglobina, plaquetas e albumina dos caes infectados
foram menores do que os do grupo controle. A diminui¢do de eritrécitos influenciou a
diminui¢do da viscosidade sanguinea. As proteinas totais e albumina se correlacionaram
com a viscosidade sanguinea nos cdes infectados. Os cdes com CME apresentam
diminuicdo da viscosidade sanguinea, principalmente devido a anemia causada pela
enfermidade e a interacdo com proteinas de fase aguda negativa.

Palavras-chave: Ehrlichia canis, viscosidade sanguinea, curva de histerese, anemia,

proteina de fase aguda.

Introduction

Canine Monocytic Ehrlichiosis (CME) is a vector-borne disease that affects dogs
in tropical and subtropical regions (Sainz et al., 2015). Ehrlichia canis is a bacterium from
the phylum Proteobacteriota, order Alphaproteobacteria, and class Rickettisiales (Schoch
et al, 2020), infects the phagocytic-mononuclear system, with a preference for
macrophages. The main vector is Riphicephalus sanguineus sensu lato (Acari: Ixodida),
which transmits the bacteria during blood meals in dogs. The larval and adult forms of the
tick can transmit the pathogen to other hosts upon infection (Azis et al., 2022).

Clinical signs are related to the pathogenesis of CME, which is systemic and
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affects multiple tissues in dogs, causing vascular lesions (Castro et al., 2022). The
differentiation of the three phases of the disease (acute, subclinical, and chronic) in natural
infections by E. canis is not distinctly clear because clinical and clinical-laboratory signs
are non-specific and common to the different phases (Diniz & Aguiar, 2022). Laboratory
findings such as anemia and thrombocytopenia are common in dogs with CME, especially
in the acute phase (Azis et al.,, 2022). The acute phase is characterized by fever,
hemorrhage, lymphadenopathy, anorexia, depression, anemia, and thrombocytopenia. The
subclinical phase usually only presents thrombocytopenia and hyperglobulinemia. Dogs
can develop the chronic form, which has a worse prognosis with pancytopenia, bone
marrow aplasia, hemorrhage, and secondary infections (Diniz & Aguiar, 2022).

CME can be diagnosed by various techniques such as visualization of the
Ehrlichia morulae within monocytes in blood smears, by rapid serological tests using
qualitative commercial kits, enzyme-linked immunosorbent assay (ELISA) or indirect
immunofluorescence and by molecular polymerase chain reaction techniques
(conventional PCR) or real-time PCR (Sainz et al., 2015).

Hematologic changes caused by infection with bacteria of the Anaplasmataceae
family, such as anemia and thrombocytopenia, may result in changes in blood rheological
parameters. Thereby, there is a decrease in blood viscosity in dogs infected with
Anaplasmataceae bacteria compared to healthy dogs (Cardoso et al., 2020). In dogs
infected with Leishmania infantum, the decrease in erythrocytes caused by this disease is
also related with a decrease in blood viscosity as well as an increase in shear rate (Silva et
al., 2018).

Hemorheological behavior can be influenced not only by blood viscosity, but also
by several factors such as the number of cellular components of blood plasma, peripheral
resistance on blood vessels, circulating blood volume and intravascular blood flow pressure
(Martins & Silva, 1983; Silva et al., 2018). Other parameters that can alter the rheological
behavior of blood are circulating lipids, which affect the viscosity of blood plasma (Irace
et al., 2014), and immunoglobulins, which can influence blood viscosity directly or
indirectly by increasing erythrocyte aggregation (Kwaan, 2010).

The increased concentration of blood components such as leukocytes and platelets
in the blood can disrupt the normal flow of erythrocytes passage, mainly in the
microcirculation, due to the smaller caliber of the capillaries. Therefore, viscosity is also
altered if an illness alters the number of cells, erythrocyte deformability, or serum

components (Martins & Silva, 1983; Baskurt & Meiselman, 2003).
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Rheometry is an auxiliary, low-cost technique for monitoring the hematological
conditions and hemorheological behavior of animals with infectious diseases. However,
few studies in veterinary medicine have been conducted on this topic, and there is a wide
range of research fields to be studied.

This work aimed to characterize the hemorheological profile of dogs infected with
E. canis and correlate it with hematological, biochemical parameters of serum proteins and

triglycerides.

Material and methods
Animals

In the years 2021 and 2022, blood and/or bone marrow samples were randomly
collected from 59 dogs at a private veterinary hospital in the city of Barra do Gargas, Brazil
(-15.8891, 15 ° 53' 24” South, -52.2634, 52° 15' 24” West). Samples positive for E. canis
by qPCR were included in the study. In addition, samples that showed DNA amplification
by qPCR for Leishmania infantum and Babesia sp. would be excluded. A total of 19
animals that showed positive for Leishmania were excluded, and none were positive for
Babesia.

Thus, two groups were paired: 20 dogs with CME and another 20 dogs without
clinical signs or DNA amplification for E. canis were selected for the control group. Blood
and serum samples were obtained from each dog to perform hemorheological,
hematological, and biochemical evaluations. Subsequently, qualitative and semi-
quantitative data including sex, age, body score, clinical signs (anorexia, fever,
lymphadenopathy, splenomegaly, pale mucosa, bleeding, etc.) were recorded.

Qualitative Real Time PCR (qPCR)

DNA was extracted from whole blood and/or bone marrow was performed using
the phenol-chloroform method (Sambrook & Russell, 2001). The DNA was dissolved in
50ul of ultrapure water, and its concentration was meansured using a NanoDrop™
2000/2000c¢ Spectrophotometer (Thermo Scientific). All samples were treated with RNAse
and subjected to PCR to detect the endogenous canine B-globin gene to ensure that the
DNA was pure and free of inhibitors. This gene amplifies a 119bp fragment (Quaresma et
al., 2009). The E. canis DNA detection process used the primers E can0503F (5'-CAG
CAA ATT CCA ATC TGC ACT TC-3'") and E_can0503R (5'-GAG CTT CCA ATT GAT
GGGTCT G-3") in which the gene Ecaj 0503 encodes 147bp of a hypothetical protein
[system E_can0701] (Socolovschi et al., 2012).
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The qPCR analysis was performed using a StepOne™ Real-Time PCR System
Sequence Detection (Thermo Fisher Scientific, Massachusetts, USA). Reactions were
prepared in a final volume of 25ul containing non-specific double-stranded DNA
intercalators (Sybr Green® Master Mix, Thermo Fisher Scientific, Massachusetts, USA),
0.3uM of each primer and 2ul of target DNA. The reaction consisted of 94°C for 10
minutes, followed by 40 cycles of 94°C for 15 seconds for denaturation and 60°C for 30
seconds for annealing and extension. A canine sample with E. canis morulae confirmed by
PCR (positive control) and a DNA-free reaction (negative control) were used as a control
for the reaction.

For Leishmania infantum qPCR, the primers RV1-5-CTT TTC TGG TCC GGG
TAG G-3'and RV2-5'-CCA CCT GGC TAT TTT ACA CCA-3' were used, which amplify
145 bp of the L. infantum kinetoplast (Lachaud et al., 2002).
End point Polymerase Chain Reaction (PCR)

In the PCR for Babesia sp. primers BAB143-167 -5'- CCG TGC TAA TTG TAG
GGC TAA TAC A - 3' and BAB694-667 - 5'- GCT TGA AAC ACT CTARTT TTC TCA
AAG - 3" were used, which amplifies a region of approximately 550bp of the 18S rRNA
gene (Almeida et al., 2012). The amplified products were fractionated by electrophoresis
in a 1.5% agarose gel, stained with Gel Red and visualized under a transilluminator (UV-
300 nm).

Hemorheological parameters

Fresh EDTA whole blood from each dog was subjected to hemorheological
analysis to obtain data on blood viscosity. A compact modular rheometer, model Anton-
Paar® Cone-Plate — MCR 102 [ Anton Paar® GmbH, Ostfildern, Germany], was used, and
the graphs were obtained with the Rheoplus® software.

For hemorheological analysis, 750uL of whole blood with EDTA was used,
maintaining a temperature of 37°C on the plate with 60 flow measurement points, as
proposed by Franga et al. (2014).

Hematological and biochemical analyzes

Samples of whole blood with EDTA from the dogs were sent for hematological
analyzes such as erythrogram, leukogram and platelet count on an Icounter Vet automated
device, model D Check D Plus [DIAGNO®, Belo Horizonte, Brazil], according to Sirois
(2020).

Serum samples from the dogs were sent for biochemical analysis to determine the

values of total protein, albumin, globulins, and triglycerides in an automated Smart 200+
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device [BioTécnica®, Varginha, Brazil], according to Sirois (2020). The reference values
were considered as proposed by Rizzi et al (2010).
Statistical analysis

Data were expressed as mean values and were within the normality curve.
Statistically significant differences in mean hematological values, blood viscosity, and
biochemical parameters between groups were analyzed using the parametric Student's t-
test for paired analysis of variance with Tukey's post-test. Correlations between
hematological and biochemical parameters and blood viscosity were analyzed using
Pearson's linear correlation. The statistical software used for analysis was Biostat 5.0, and

statistical significance was established for P values less than 0.05.

Results

Data from dogs selected in both groups, such as sex, age, and body score, are
briefly described in Table 1.

Dogs with E. canis infection presented various clinical signs in their history
obtained from medical records. Changes in blood counts and biochemical tests were also
obtained (Table 2).

Regarding hematological parameters (Table 3), the differences in mean values
between the groups were notable in relation to erythrocytes, hematocrit, hemoglobin, and
platelets the group of dogs with CME showed a decrease in the concentration of each of
these mentioned parameters. In Table 3 it is also possible to see that dogs with CME had a
statistically significant decrease in albumin compared to the control group.

Dogs with CME had a lower mean blood viscosity value with statistical
significance compared to the control group (Figure 1). The curves formed between the
rheological parameters viscosity and shear rate are shown in Figure 2A. Both groups have
similar hysteresis areas (Figure 2B). The group of dogs with CME has a hysteresis area
curve more towards the right of the graph compared to the control group.

Pearson's linear correlation analysis between rheological and hematological
parameters (Table 4) demonstrated that dogs with CME showed a strong and directly
proportional relationship between blood viscosity and erythrocyte, hematocrit, and
hemoglobin parameters. The group of dogs with CME also showed a directly proportional
and medium-strength correlation between blood viscosity and total protein, and another
direct and weak-strength correlation between blood viscosity and albumin.

In the group of dogs with CME serum albumin showed a linear correlation of
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medium strength with erythrocytes, hematocrit, hemoglobin, and platelets (Table 5). In the
control group, there was only a directly proportional correlation and average strength of
albumin with platelets. Medium strength and directly proportional correlations were also

observed between triglycerides and erythrocytes, and triglycerides and neutrophils.

Discussion

CME is a disease with worldwide distribution and causes important hematological
changes in dogs (Sainz et al., 2015), as shown in the results of the present study.
Furthermore, CME causes different clinical signs in dogs because it is a systemic disease
that causes mononuclear inflammation in several tissues of whole the animal's body (Castro
et al., 2022).

The semi-quantitative clinical-laboratory findings most frequently observed in
this study were thrombocytopenia, anemia, and lymphopenia, representing 80%, 70% and
60%, respectively of dogs with CME. Dogs with CME often exhibit a range of clinical
signs, including apathy, a lack of energy and enthusiasm, hyporexia, a decreased appetite,
pyrexia, an elevated body temperature, and pale mucous membranes, a sign of reduced
blood flow. Although these signs are nonspecific, they are frequently reported in dogs with
this disease and can indicate the presence of CME (Diniz & Aguiar, 2022).
Thrombocytopenia and anemia are frequent findings in E. canis infections (Azis et al.,
2022). Ehrlichia canis use the iron available in blood serum for its survival metabolism,
especially in the acute phase. Therefore, the higher the degree of bacteremia, the lower the
iron levels would lead to anemia in dogs with CME (Bottari et al.,, 2016).
Thrombocytopenia can be caused by different mechanisms such as excessive platelet
consumption due to endothelial lesions, destruction by immunological action and increased
splenic sequestration of these platelets (Shropshire et al., 2018). Lymphopenia in dogs with
CME is also reported as a clinical and laboratory alteration (Fonseca et al., 2013). After a
few days of acute infection, moving into the subclinical phase of CME, there is a decrease
in the production of cytokines that recruit lymphocytes, which could lead to lymphopenia
(Faria et al., 2011).

In the analysis of the mean between groups using the Student's t-test, the anemia
observed in dogs with CME is a frequent hematological change in dogs infected by E. canis
(Parashar et al., 2016). Infections that affect hematological parameters in dogs such as
Leishmania sp. (Silva et al., 2018) and infections with bacteria from the Anaplasmataceae

family (Cardoso et al., 2020) also demonstrated a decrease in erythrocytes. Dogs infected
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by E. canis may present a decrease in lymphocyte counts (Cardoso et al., 2023), as seen in
the results of this study.

Infected dogs demonstrated a lower average albumin concentration. Decreased
albumin was observed in some dogs, as described by Harrus et al. (1996). Harrus et al.
(1996) also described that dogs with CME presented high total protein values compared to
the control group. This study did not find a significant difference between groups for this
parameter. The increase in total protein values is due to hyperglobulinemia (Lobetti et al.,
2000), a common change in the subclinical phase of dogs with CME (Azis et al., 2022).
Although there was no statistical difference when comparing mean values between groups
for globulin parameters, higher values were observed for dogs with CME.

The hemorheological analysis is an important tool for characterizing the
rheological behavior of blood from dogs with CME. With this analysis it was possible to
obtain the hysteresis areas of both groups in this study, verifying that they behaved
similarly from a rheological point of view. The hysteresis areas are obtained after applying
a controlled force to the blood samples, obtaining an area delimited by an ascending line
and a descending line that originates at the zero point (Scherer et al., 2016; Silva et al.,
2018). These areas formed within the curves in the relationship between the shear stress
and shear rate parameters (Figure 2B) showed the same behavior in both groups. This
mechanism was also observed in other studies on infection by parasites, such as
Plasmodium vivax in humans (Scherer et al., 2018), Leishmania sp. in dogs (Silva et al.,
2018), and intracellular bacteria from the Anaplasmataceae family (Cardoso et al., 2020).

It is crucial to note that the thixotropic property mentioned above remains intact
even in cases of E. canis infection. This ensures that the blood flow in affected dogs is not
compromised, regardless of the varying shear rates at which the intravascular fluid is
affected (Franga et al., 2014). The precise maintenance of blood flow is important to
constantly carry nutrients and oxygen molecules to tissues, especially those with limited
tissue storage capacity for these components to maintain cellular life (Willie et al., 2014).
In this study, it is evident that even with E. canis infection, the hysteresis area is maintained,
which could indicate an adaptation of dogs to maintain homeostasis.

This behavior may have remained constant due to factors not yet investigated,
such as the interaction of serum cytokines. In dogs with Canine Visceral Leishmaniasis,
the modulation of viscosity by cytokines has already been reported (Silva et al., 2019), as
well as in dogs infected by bacteria from the Anaplasmataceae family (Cardoso et al.,

2020). On the other hand, in some diseases, such as diabetes mellitus in humans, the
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thixotropic property increases due to a reduction in the deformability of erythrocytes and
the high rate of erythrocyte aggregation that occurs due to changes in plasma proteins
(McMillan, 1983).

The correlation of erythrocyte, hematocrit, and hemoglobin parameters with blood
viscosity was not verified in the control group despite being observed in the CME group.
Thus, the decrease in these hematological parameters directly influences the blood's
rheological behavior. When these parameters decrease, the viscosity also decreases.
Therefore, blood viscosity was expected to be lower in dogs with CME compared to
healthy dogs. Likewise, dogs infected by Leishmania sp. (Silva et al., 2018) or by bacteria
from the Anaplasmataceae family (Cardoso et al., 2020) showed a strong and directly
proportional correlation, with a decrease in erythrocytes and a decrease in blood viscosity.

The correlation between the hematocrit and hemoglobin parameters with blood
viscosity, in dogs positive for E. canis could be important to understand the mechanisms
of rheological changes in dogs with CME, as these interactions were not observed in dogs
infected by Leishmania sp. (Silva et al., 2018) nor in the hemorheological evaluation of
infections caused by bacteria from the Anaplasmataceae family, that is, more generic and
not specific to E. canis (Cardoso et al., 2020). This study found no correlations between
any of the leukocytes and blood viscosity. However, in humans with high white blood cell
counts, as in the case of leukemias, blood viscosity may increase (Steinberg & Charm,
1971).

Total proteins influenced blood viscosity in a directly proportional way in dogs
with CME, so viscosity decreases when the concentration of total protein also decreases.
In the present study, albumin stood out as the serum protein responsible for this correlation.
In a human study, albumin is reported to be a protein that influences the viscosity of blood
plasma and fibrinogen (Meisami et al., 2022). In other studies, no correlations were
observed between total serum proteins and blood viscosity (Silva et al., 2018; Cardoso et
al., 2020). In dogs infected with Leishmania sp., IgG and IgM immunoglobulins did not
directly influence blood viscosity (Silva et al., 2018). However, it is unknown whether IgG
and IgM can influence blood viscosity in dogs with CME, an area to be researched. Other
candidate proteins for this influence on rheological behavior could be cytokines. They are
proteins reported in other studies responsible for the interaction in hemorheological
behavior. They also contribute to decreased blood viscosity in dogs infected by bacteria
from the Anaplasmataceae family (Cardoso et al., 2020).

The decrease in albumin, a negative acute phase protein, may be related to the
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inflammatory condition of the disease which leads to albumin sequestration in the third
space and also to decreased production in inflammatory conditions in response to pro-
inflammatory cytokines in the body (Vieira et al., 2013). This study showed that albumin
is correlated with erythrocytes and hematocrit. The interaction of albumin on erythrocytes
and hematocrit could influence rheological behavior in the group and dogs with CME.
Previous works have not described such interaction (Silva et al, 2018; Cardoso et al., 2020).
Despite this, it is still unknown how these parameters can interact with other parameters
that affect blood rheology, mainly cytokines (Scherer et al., 2016). Elevated serum albumin
is related to increased infection and injury severity in cows with clinical or subclinical
mastitis. Moreover, the production of cytokines also accompanies this infectious and
inflammatory process (Shaheen et al., 2020). Other parameters to be investigated would be
the immunoglobulin profile (Kwaan, 2010) or even blood plasma (Irace et al., 2014), which
are parameters that influence the rheological behavior of blood in dogs with CME

Other blood components, such as platelets, are recognized as influencing changes
in blood viscosity (Ho, 2004). In this study, platelets showed a direct correlation with
albumin, which in turn was directly correlated with blood viscosity in the group of dogs
with CME. There may be an indirect connection between the two parameters, as they are
found to be correlated in dogs with CME. However, previous studies on dogs with CME
did not report any correlation between platelets and viscosity (Cardoso et al., 2023).

Triglycerides can influence the viscosity of blood and blood plasma (Rosenson et
al., 2002). These lipids did not influence blood viscosity in any of the groups studied. The
correlation observed between triglycerides and erythrocytes in the group of dogs with CME
does not influence blood viscosity directly. However, there could be some indirect
influence, as was observed in the analysis. In humans, it is reported that high cholesterol
levels and high counts of erythrocytes and platelets are associated with vascular diseases,
and erythrocytes and serum lipids correlate with each other (Fessler et al., 2013). Another
study in dogs shows that hypertriglyceridemia increases blood viscosity (Rosenson et al.,
2002).

Furthermore, in the present study, neutrophils were correlated with triglycerides
in a group of dogs with CME. Other research in mice reports evidence of greater production
of pro-inflammatory cytokines by adipose tissue in individuals with hypertriglyceridemia,
which leads to leukocytosis associated with vascular diseases (Sawant et al., 2021). By
understanding this dynamic, perhaps triglycerides play an influential role in altering

rheological behavior in dogs with CME, as these animals, in addition to developing
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vasculitis, which leads to the production of cytokines (Castro et al., 2022). Triglycerides
can also contribute to inflammation, which can directly influence changes in blood
viscosity, as reported in other studies. (Scherer et al., 2016; Silva et al., 2018).

It is noticeable that hematological changes, especially in erythrocytes,
hematocrit, and hemoglobin, interfere with the rheological parameters of the blood.
Therefore, any other component or parameter interacting with these first two can indirectly
influence the blood viscosity of dogs with CME. The rheological behavior of healthy dogs
and dogs infected by E. canis remains similar, probably due to an adaptation of the animal
organism to maintain thixotropic properties and homeostasis. Albumin is an important
negative acute phase protein to be monitored in dogs with CME and is related to the change
with the decrease in blood viscosity in these animals. More studies are needed to
understand hemorheological changes in dogs with CME, mainly involving cytokines, to

elucidate the role of other serum proteins and the lipid profile on hemorheological behavior.
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Table 1.
Number of dogs for each of the variables: sex, age and body score (from 1 to 5 scale).
Caption: F = female; M = male; n = number of dogs; non = not informed; (+) positive

result for E. canis

Table 1.
Number of dogs for each of the variables: sex, age and body score (from 1 to 5 scale).
Caption: F = female; M = male; n = number of dogs; non = not informed; (+) positive

result for E. canis

Table 2.
Hematological and biochemical parameters of dogs positive for E. canis and the control
group expressed as mean values and standard deviation (Student's t test).

Caption: (+) positive result for E. canis.

Table 3.
Pearson's linear correlation between the hematological and rheological parameters of dogs
positive for E. canis and the control group.

Caption: (+) positive result for E. canis.
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Table 4.

Pearson's linear correlation between the hematological and biochemical parameters of dogs

positive for E. canis and the control group.

Caption: (+) positive result for E. canis.

Figure 1.

A. Curve of the relationship between the variables blood viscosity and shear rate in dogs

with Canine Monocytic Ehrlichiosis (in red) and the control group (in blue). B. Hysteresis

areas of dogs with Monocytic Ehrlichiosis (in red) and control group (in blue).

Figure 2.

Analysis of variance (Student's t test) of the blood viscosity parameter of dogs in the control

group (blue) and dogs with Canine Monocytic Ehrlichiosis (red).

Table 1.
Group Sex Years Body escore
FIM n class n scale n
Control F 10 lab 16 <3 0
M 10 6al0 2 3 18
>10 2 >3 2
NI 0 NI 0
subtotal 20 subtotal 20 subtotal 20
E. canis (+) F 11 lab 14 <3 2
M 9 6al0 5 3 11
>10 1 >3 5)
NI 0 NI 2
subtotal 20 subtotal 20 subtotal 20
Total 40 40 40
Table 2.
Clinical examination Laboratory examination
I
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Apathy 30 Thrombocitopenia 80  Hyperproteinemia 40

Hyporexia 30 Anemia 70 Hyperglobulinemia 35
Pyrexia 25 Lymphopenia 60  Hypoalbuminemia 35
Pale mucous membranes 20  Eosinopenia 35  Hypoproteinemia. 5
Dermatopathy 20 Monocytopenia 10

Lethargy 15 Monocytosis 10

Hemorrage 10 Neutrophilia 5

Lymphadenomegaly 10 Neutropenia 5

Onychogryphosis 10 Eosinophilia 5

Emesis 10

Weight loss 10

Ophthalmopathy 10

Diarrhea 5

Convulsions 5
Table 3.

Hematologic parameters Control E. canis (+) P
Erythrocytes (108/mm?) 6.71+1.21 496 + 1.51 <0.05
Hematocrit (%) 45.23 +8.12 33.02+10.10 <0.05
Hemoglobin (g/dL) 15.76 £2.81 11.17 +£4.27 <0.05
Platelets (103/mm?) 235.6 + 91.37 150.0 + 110.43 <0.05
Leukocytes (103/mm?) 10.28 + 4.04 8.85+4.68 0.11
Neutrophils (103/mm?) 6.55 +2.72 5.76 £3.31 0.16
Lymphocytes (103/mm?) 1.64 +1.53 1.44 +1.37 0.27
Monocytes (10%/mm?3) 0.31+0.17 0.35+0.27 0.33
Eosinophils (103/mm?) 0.41+0.35 0.26 +0.25 0.10
Biochemical parameters

Total protein (g/dL) 7.20 +0.81 7.17+1.85 0.48
Albumin (g/dL) 3.04+£0.93 2.5+0.70 <0.05
Globulins (g/dL) 415+ 1.15 4.62+1.77 0.17
Triglycerides (mg/dL) 80.06 + 30.46 77.78 +33.70 0.38
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Table 4.

Blood viscosity

Control E. canis (+)
Hematologic parameters r P r P
Erythrocytes 0.17 0.45 0.8459 <0.05
Hematocrit 0.14 0.53 0.8382 <0.05
Hemaoglobin 0.05 0.83 0.7833 <0.05
Platelets -0.02 0.92 0.2696 0.26
Leukocytes -0.07 0.78 0.33 0.17
Neutrophils 0.12 0.62 0.24 0.33
Lymphocytes 0.02 0.91 0.05 0.84
Monocytes -0.13 0.59 -0.01 0.98
Eosinophils 0.05 0.83 -0.16 0.51
Biochemical parameters
Total protein -0.18 0.44 0.5143 <0.05
Albumin -0.13 0.56 0.4588 <0.05
Globulins -0.01 0.93 0.3539 0.12
Triglycerides 0.10 0.64 0.3483 0.13
Table 5.
Hematologic . . . . .
Total proteins Albumin Globulin Triglycerides

parameter

Control E. canis (+) Control E. canis (+) Control E. canis (+) Control E. canis (+)

r P r P r P r P r P r P r P r P
Erythrocytes -0.03 0.89 019 043 -0.15 0.54 062 <005 010 069 -0.05 082 -008 073 045 <0.05
Hematocrit -0.02 0.92 0.17 048 -0.19 0.42 062 <005 0214 057 -0.07 076 -001 096 041 0.07
Hemoglobin  0.04 087 016 051 -0.23 0.33 060 <005 021 037 -0.08 075 -010 096 037 0.11
Platelets -0.02 094 024 031 053 <0.05 060 <005 -033 027 0.01 097 016 049 -0.03 0.89
Leukocytes 001 099 0.04 0.88 0.08 0.74 0.13 0.60 -0.07 079 -0.02 094 -014 057 021 040
Neutrophils 001 099 -0.12 0.63 0.16 0.51 0.20 0.42 -0.13 060 -0.21 039 024 032 050 <0.05
Lymphocytes -0.05 0.83 0.02 094 -0.44 0.08 -0.37 0.16 031 024 020 045 -0.28 0.29 -048 0.06
Monocytes 022 039 0.01 098 -0.03 091 0.09 0.73 0.16 050 -0.04 089 -0.19 044 -045 0.06
Eosinophils  -0.46 0.06 029 026 -0.10 0.70 -0.10 0.69 -0.35 0.18 036 016 -0.02 092 -040 0.12
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Figure 1.
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Simple Summary: Canine Monocytic Ehrlichiosis is a disease of dogs caused by
intracellular bactéria transmitted through tick bites. This disease can cause changes in a
dog’s blood, affecting the Count of cells and components of the defense system, such as
cytokines, as well as the viscosity of the blood. This study was conducted to explore these
changes in naturally infected dogs with ehrlichiosis, who were untreated and treated with
a doxycycline-based antibiotic at a dose of 10 mg/kg Every 12 h for 28 days. Even after
treatment, infected dogs exhibited a decrease in blood viscosity. The infection decreased
total white blood cells, lymphocytes, and the cytokine tumor necrosis factoralpha level
and increased cytokine interleukin-1-beta. Infected dogs showed a correlation between
cytokines interleukin 10 and 12 with blood viscosity. Treating dogs with monocytic
ehrlichiosis with doxycycline can help restore blood parameters such as platelets and
eosinophils, but it may also elevate levels of interleukin-1-beta and monocytes.
Therefore, assessing viscosity and cytokine levels is vital when treating dogs with this
condition.

Abstract: This study aimed to analyze the hematological parameters, blood viscosity, and
cytokines of dogs infected by Ehrlichia canis untreated and treated with doxycycline.
Initially, 47 dogs were examined, and 36 were suspected to have canine monocytic
ehrlichiosis, which was confirmed through molecular polymerase chain reaction tests.
This study consisted of 25 dogs, with 11 being healthy and 14 testing positive for E. canis.
The dogs were divided into experimental groups based on their test results, including a
control group of healthy dogs (N = 11), a group of infected dogs without treatment (N =
7), and a group of infected dogs treated with doxycycline (N = 7) at a 10 mg/kg dose every
12 h for 28 days. Blood samples were taken to determine hematological parameters,
viscosity, and cytokine levels. It was observed that, regardless of doxycycline treatment,
there was a reduction in total leukocytes and lymphocytes in infected dogs with Ehrlichia
canis. The eosinophils and platelets decreased in dogs with Ehrlichia canis infections
without treatment. Monocytes, eosinophils, and platelets increased when the dogs were
treated with doxycycline. Regardless of treatment, infected dogs’ blood viscosity was
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lower than uninfected dogs. Infected dogs showed lower TNF-a and increased IL-10.
There was a correlation between the blood viscosity with the cytokines IL-10 and IL-12 in
the infected dogs. The eosinophil count correlated with TNF-a in the group of infected
and untreated dogs. In conclusion, treating dogs with monocytic ehrlichiosis using
doxycycline can increase platelet and eosinophil levels but may also increase IL-10 and
monocyte levels, exacerbating inflammation. Therefore, evaluating viscosity and cytokine
levels is important when treating dogs with this condition.

Keywords: Ehrlichia canis; leukocytes; platelets; dogs; doxycycline

1. Introduction

Bacteria of the Anasplasmataceae family can infect blood cells such as erythrocytes, leukocytes, or
platelets, leading to systemic disorders in animals and humans [1]. One such disorder is Canine Monocytic
Ehrlichiosis (CME), caused by an obligate intracelular Gram-negative bacterium, Ehrlichia canis (E. canis),
which has an affinity for monocytes. This bacterium is commonly found in domestic dogs and is transmitted
through bites from hard ticks (Ixodidae) such as Rhipicephalus sanguineus. CME is a globally distributed
disease in tropical and subtropical regions [2], with Brazil being one of the countries where the disease is
prevalent. Studies have shown that CME is widely disseminated in Brazil [3,4], and the rates of E. canis
infections in dogs vary across different regions of the country, resulting in a prevalence of the disease
between 22% and 76% [5-7].

CME evolves with different clinical signs. In the acute phase, the following can be observed: fever,
serous or purulent oculonasal discharge, anorexia, weight loss, dyspnea, lymphadenopathy, splenomegaly,
pale mucous membranes, hemorrhages, neurological signs, thrombocytopenia, edema, uremia, jaundice,
and lameness [8]. In the subclinical phase, clinical sighs may often not be observed or not detected during
the clinical evaluation due to the apparent physical health of the dog [8]. Still, splenomegaly and
intermitente fever may occur, or even signs not commonly reported by the dog’s owners [9]. Finally, the
chronic phase can be mild or severe and is characterized by clinical signs of bleeding tendencies [10],
depression, weight loss, lymphadenopathy, thrombocytopenia, anemia, pancytopenia [8], polyarthritis, and
severe ocular injuries [9].

To cause infection, E. canis needs to escape elimination by the immune system, causing disturbances
in the cellular environment and modulating the production of cytokines to favor persistent infection. The
survival of the bacteria in the host depends on the inhibition of the immune response of the T helper 1 (Th1)
type. The cytokine interferon-gamma (IFN-y), linked to the Th1 response, activates infected monocytes to
eliminate intracelular microorganisms [11].

E. canis infection can lead to significant hematological abnormalities in dogs, including pancytopenia
[12,13]. In addition, studies have shown that individuals with anemia [14], altered blood pressure [15],
hyperviscosity syndrome [16], and diabetes [17] experience changes in blood viscosity. Similarly, dogs
infected with bacteria from the Anaplasmataceae family demonstrated decreased viscosity [18]. However,
the effects of E. canis infection on blood viscosity in animals have yet to be fully understood.

Blood viscosity is crucial in maintaining systemic arterial pressure and gasometry [19], as it helps
maintain the blood’s rheological properties and restore homeostatic conditions [20]. In addition, infections,
such as malaria, can cause changes in blood viscosity, and the interaction with cytokines may act as an
immunomodulatory agent during the infection [21]. Dogs infected with E. canis showed changes in cytokine
levels, which may be related to hematological changes in the disease.

Also, studies indicate that doxycycline is a highly effective drug for treating E. canis infections [22—
25] because of its capacity to penetrate cells. Moreover, no research establishes a connection between the
effects of doxycycline on viscosity and cytokines. Therefore, this study aimed to analyze the hematological
parameters, blood viscosity, and serum cytokines of dogs infected by E. canis and either untreated or
treated with doxycycline.

2. Materials and Methods
2.1. Animals

Blood samples were collected from 47 dogs, with different ages (>1 year) and no distinction of sex
or breed that were haphazardly selected and evaluated in the city of Barra do Gargas, State of Mato Grosso,
Brazil (-15.8891, 15°53’24" South, -52.2634, 52°15’24" West). Regardless of disease stage, dogs egardless
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of disease stage, dogs with at least three clinical signs of CME were initially subjected to rapid serological
testing. Of the total, 36 dogs with suspected CME were positive in commercial serological test kits (Alere®,
Waltham, MA, USA). Next, E. canis-positive animals were tested via PCR to detect E. canis-specific DNA. All
animals positive in rapid serological tests and confirmed by PCR were included in the study. Dogs that
showed clinical signs of CME but tested negative in the PCR test, dogs that tested positive for Leishmania
sp., Babesia sp., dogs under one year old, and dogs whose owners did not give permission were not included
in the study. Finally, dogs were treated for CME with doxycycline (Syntec, Sdo Paulo, Brazil) at 10 mg/kg
every 12 h for 28 consecutive days [25]. Seven dogs returned for blood collection immediately after
completing doxycycline treatment. According to the results of the diagnostic tests, clinical signs of the
disease, and treatment adherence, the following groups were formed: dogs in the control group, negative
for E. canis in both tests and without clinical EMC signs (N = 11); dogs infected by E. canis, reactive in both
tests, and untreated (N = 7); and dogs reactive in both tests for E. canis and treated with doxycycline (N =
7). The scheme for obtaining samples and experimental design is described in Figure 1.
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Figure 1. Representative scheme for obtaining samples and experimental design.

2.2. Serological Tests

Serological tests were applied using whole blood with EDTA. In addition, the Ehrlichiosis Ac Test Kit—
Alere test® (Waltham, MA, USA), which has immunochromatographic technology, was applied in dogs. The
tests were used following the guidelines of their respective manufacturers.

2.3. Polymerase Chain Reaction (PCR)

DNA extraction from whole blood was performed using the phenol-chloroform method [26]. The
DNA was dissolved in 20 mg/mL of ultrapure water and stored at —20 °C. To ensure the DNA’s purity and
lack of inhibitors, we tested the samples using a PCR method to detect the canine b-globin gene. This gene
amplifies a 119 bp fragment [27].

The DNA detection process used primers E_can0503F (50 -CAG CAA ATT CCA ATC TGC ACT TC-30)
and E_can0503R (50-GAG CTT CCA ATT GAT GGGTCT G-30) in which the Ecaj_0503 gene encodes 146 base
pairs of a hypothetical protein (E_can0503 system) [28].

Qualitative PCR analysis was performed using a StepOne™ Real-Time PCR System Sequence
Detection System (Thermo Fisher Scientific, Waltham, MA, USA). Reactions were prepared in a final volume
of 25 uL containing non-specific double-stranded DNA intercalators (SYBR Green® Master Mix, Thermo
Fisher Scientific, Waltham, MA, USA), 0.3 uM of each primer, and 2 uL of target DNA. The reaction program
consisted of the following steps: 94 °C for 10 min, followed by 40 cycles of 94 -C for 15 s for denaturation,
and 60 °C for 30 s for annealing and extension.

Positive control was an animal positive for E. canis in PCR with morulae in blood smear, and negative
control (DNA-free reaction) was included in all PCR. Amplified products were subjected to 1.5% agarose gel
electrophoresis. They were all stained with Gel Red and visualized in a transilluminator (UV-300 nm) Chemi-
doc (Bio-Rad TM, Berkeley, CA, USA).
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2.4. Hematological Parameters

Whole blood samples with EDTA from the dogs were sent for laboratory analysis to obtain
hematological data such as erythrogram, leukogram, and platelet count in na automated device Icounter
Vet, model D Check D Plus (DIAGNO, Belo Horizonte, Brazil), according to the literature [29]. In addition,
reference values were considered, as proposed in the literature [30].

2.5. Hemorheological Parameters

Whole blood with EDTA from each dog was subjected to hemorheology analysis to obtain data on
blood viscosity. A compact modular rheometer, Anton-Paar® Cone-Plate model-MCR 102 (Anton Paar®
GmbH, Ostfildern, Germany), was used, and the graphs were obtained using the Rheoplus software. For
hemorheology analysis, 750 pL of Whole blood with EDTA was used, maintaining a temperature of 37 °Cin
the plate with 60 flow measurement points [17].

2.6. Cytokines

The dog’s blood serum samples were submitted for preparation for flow cytometry examination.
Pro-inflammatory and regulatory cytokines were measured, such as IL-1B, IL-6, IL-8, IL-10, IL-12, and TNF-a
[14,21]. This process was carried out with a Flow Cytometer, model FACScalibur (BD Biosciences, St. Louis,
Ml, USA), with specific marking using antibodies for each cytokine. Cytometric Bead Array (CBA) kits (BD
Biosciences, St. Louis, MI, USA) were used for this quantification, and the procedure was executed as per
the instructions provided by the manufacturer.

2.7. Statistical Analysis

Data were expressed as a mean and standard error. We analyzed the differences in blood properties
and cytokine levels between noninfected, infected, and infected animals treated with doxycycline. A
D’Agostino normality test and variance analysis (ANOVA) were used, followed by Tukey’s test between
animals noninfected, infected, and infected and treated. The Student t-test for two related samples was
used to compare before and after dogs treated with doxycycline. Additionally, we analyzed correlations
between blood properties, cytokine levels, and hematological parameters using Pearson’s linear
correlation. Biostat 5.0 was the software used for statistical analysis. If the p value is below 0.05, it indicates
statistical significance.

3. Results

Out of the 36 dogs with clinical signs of CME, 9/36 displayed pyrexia, 9/36 showed apathy, 5/36 had
pale mucosa, 5/36 suffered from hyporexia, and 4/36 had hemorrhages and lymphadenopathy.
Furthermore, 2/36 dogs experienced vomiting, while 2/36 showed weight loss and diarrhea. Additionally,
1/36 of the dogs had onychogryphosis, stomatitis, and seizures.

Regardless of doxycycline treatment, there was a reduction in total leukocytes and lymphocytes in
infected dogs (Table 1). In addition, the eosinophils and platelet concentrations decreased in dogs with E.
canis infections without treatment. Conversely, there was an increase in monocytes, eosinophils, and
platelets in dogs infected after the treatment of doxycycline

Table 1. Hematological values (mean and standard error) in noninfected dogs and infected dogs with E.

canis untreated and treated with doxycycline.

Parameters E. catrids (-) E. camis (+) E. canis l;” P
Doxycycline
Ervthrocytes (109 Ful) 642 + 182 573+ 208 509 = 1.6d 019545
Hemoglobin (g dL) 1472 + 368 1323 + 536 14.06 + 3.86 [L.E443
Hematoerik (%) 4336 + 11.85 ITEA 4+ 1429 WA =1106 [LEASH
|.|.-u]\.::l|.:r1ue-. |II.:"1_-"|_|.'I 1027 + 24987 .36 + 2490 B70 + 381¢ 0119
MNeuthrophils (1P Ful) B3 +2M 668 + 261 £.35 + 268 [1.55604
Lymphocytes (107 7 ul) 28 £ 198" 135+ 079k 1.31 £ 077k (L00B6
Monocytes (107 /L) 033 +£012° 030 £021% 064 + 0367 (.0257
Eosinophils | ]|.|-"_."I.I.|.:l a7 £ 078" 026 + 028" el + 0367 (1020
Platelets (10°uL) 21190 £+ 16128 % 18368 + 11372 b 298.26 £ 178.50°" 0124

E. canis (-): dogs negative for Ehrlichia canis; E. canis (+): dogs positive for Ehrlichia canis; E. canis (+) doxycycline: dogs treated with
doxycycline. Averages followed by different letters differ significantly by p <0.05, considering the same parameters. ANOVA test
followed by the Tukey was used post-test.
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There was no significant difference in the erythrocytes, hemoglobin, hematocrit, leukocytes,
neutrophils, and lymphocyte levels between dogs infected with and without treatment (p > 0.05). However,
the doxycycline treatment increased the monocytes, platelets, and eosinophils (Figure 2) and restored the
levels to similar values found in noninfected dogs (Table 1).

Figure 3 shows the blood viscosity of dogs non-infected or infected with E. canis treated or not with
doxycycline. The mean blood viscosity of animals infected by E. canis decreased independently of treatment
(Figure 3). The blood viscosity in dogs infected with untreated E. canis and treated with doxycycline is shown
in Figure 4. The treatment with doxycycline reduced the blood viscosity in dogs with infection.

Table 2 shows the cytokine levels in dogs infected with E. canis serum. The IL1-B level was higher in
dogs with CME, and there was no difference between treated and untreated dogs. The TNF-a, regardless of
the treatment, showed lower concentrations in the sérum of infected dogs. The lowest levels of TNF-a were
in infected and untreated dogs. There was no significant difference in the concentrations of IL-6, IL-8, IL-10,
and IL-12 between the groups studied.

After treatment with doxycycline, an increase in IL-6 concentrations was observed in infected dogs
(Figure 5). However, no difference was observed without and with treatment for the other cytokines
evaluated.

The cytokines were correlated with hematological parameters. IL-12 showed na inversely
proportional correlation with hematocrit in infected and untreated dogs. There was a directly proportional
correlation between TNF-a and IL-12 and the eosinophils in the untread group. In the infected and treated
dogs group, the leukocyte parameter showed a strong and inversely proportional correlation with cytokine
IL-10 (Table 3).
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Figure 2. Effect of doxycycline of platelets, monocytes, and eosinophils in blood of dogs with CME untreated
(blue color) and treated (red color) treatment. Student t-test for two related samples. * differences between
before and after treatment. Platelets p = 0.0377, monocytes p = 0.0303, and eosinophils p = 0.0025.
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infected dogs (treated or not with doxycycline). ANOVA test followed by Tukey test was used post-test
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Figure 4. Effect of doxycycline on blood viscosity of dogs with untreated CME (blue color) and treated (red
color) with doxycycline. difference between untreated dogs and dogs treated with doxycycline. Student t-

test for two related samples. p < 0.0001.
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Table 2. Serum cytokine values (mean and standard error) in noninfected dogs and infected dogs with E.
canis untreated and treated with doxycycline

Cét;ll(:ﬂfs E. canis (-) E. canis (+) ]foi;f;:](l;)e P
IL-1p8 25.59 + 8.61 56.72 +24.75a 55.38 = 30.76 a 0.0150
IL-6 28.66 = 14.04 14.42 + 8.03 23.63 = 13.85 0.1588
IL-8 20.40 + 3.60 31.17 £ 20.51 33.95 + 22.62 0.5416
IL-10 34.39 + 12.60 30.46 + 30.59 46.83 + 26.45 0.3815
1L-12 28.38 £ 9.16 32.47 +£11.97 25.24 + 8.86 0.4985
TNF-a 589.75 = 197.56 a 3297 +£37.09b 340.40 + 26.65 ¢ 0.0001

E. canis (-): dogs negative for Ehrlichia canis; E. canis (+): dogs positive for Ehrlichia canis; E. canis (+) doxycycline: dogs treated with
doxycycline. Averages followed by different letters differ significantly by p < 0.05, considering the same parameters. ANOVA test
followed by the Tukey test was used post-test.
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Figure 5. Effect of doxycycline on IL-6 levels of dogs with CME without (blue color) and with (red color) treatment with doxycycline.
p<0.0073; *difference between infected and untreated dogs and dogs treated with doxycycline. Student t-test for two related samples.

Table 3. Pearson’s linear correlations and values of linear coefficients (r) and statistical significance (p)
between hematological parameters and serum cytokines in noninfected dogs and dogs infected with E.
canis either untreated or treated with doxycycline

Parameters Group IL-1p IL-s IL-8 IL-10 IL-12 TNF-cx
E. canis r r r P r r r P r r r P
Erythrocytes  negative —0024 098 020 0420 0619 0138 0457 0157 0134 0773 —0118 0728
positive —0248 0591 0190 0683  —0711 Q073 —0244 059 —0738 0057 —0.660 0106
gf“’"“‘ + —0324 0477 0156 0738  —0166 0722 0.681 00w olol 0.828 0.142 0.760
oeeyoycline
Hematocrit  negative 0.073 0875 0528 0094 —059 0lF2  —046 0148 0121 0795 —012 0719
positive —0360 04F 0166 0720 —0745 0054  -0316 0488 —0783 00F*  —0726 0064
gf‘s"“‘ + —0578 0173 —0165 0722 0.057 0902 0668 0100 0219 0637  —0113 0808
o yeycline
Hemoglobin  negative 0.063  08%  —0489 0126 —0651 0112 0464 0150 0057 0903 —0.062 0855
positive —0233 0613 —0061 089  —05% 0191  —0121 0795  —0623 0131 —0654 0110
gf‘s"“‘ + —0519 0231 —0172 0711 —0019 0967 0678 0093 0239 0604  —0111 0812
o yeycline
leukocytes  negative 0113 0809 003 0912 0594 0159 0.015 0964 0353 0436 0463  0.150
positive 0215 0642 0472 028 0278 0545 0506 0298 0148 0751 —0.095 0838
dP\:I:r'\\ltl‘:ﬂl. 0.500 0.252 0243 0599 —0145 0755 —075%  0MME* 0318 0.487 0.486 0.268
oxye
Neutrophils  negative 0080 0863 0152 0654 -0162 0727  0.224 0506 0282 0539 039 0227
positive 0119 0799 0314 0492 0386 0391 0410 0360 0068 0884 0183 0694
gﬂz'\f‘?ﬂfm 0686 0088 0366 0418 —0229 0619 —0747 0053 0155 0739 0525 0225
Monocytes  megative 0.051 0913 0168 0620 059 0172 0296 0376 0001 0997 —0226 0502
positive 0234 0613 0022 091 0075 0871 —0466 0291 0273 0552 —0.004 0992
dP‘::'::‘dtm —0753 0050  —0337 0459 0191 0681 D49 0550 0185 0691 0080 0863
oy
Lymphocytes  negative 0195 0190 0573 0461 0297 0015 0964 0512 0239 0073 0831
positive 0963  -0257 057 0187 0686  -039%9 0374 0233 064 013 0792
g‘::':‘:‘dtm —0313 0493  —0368 0416 0077 0868  —0201 0664 0692 0084 0095 0838
Fosinophils  negative 0.631 0128 0065 0849 —029F 0517 0144 0671 0471 0285  —0343 0300
positive 0506 0246 0388 0389 017 0703 0523 0227 0784 0036*  0BF  0016*
dP‘::':‘_‘\‘dtm 0429 0335 0029 0950 0111 0811 0001 0997 0560 OIS0 007 0.868
Platelets negative —0184 0692 0040 0905 0388 0388 0240 0645 0090 0846 0035 0918
positive —0179 069  -0338 0457 0013 097  -0014 0976 0293 0523 —059% 0156
pasitive + 0160 0730 -0175 0706 0409 0.361 0113 0808 —0005 0991 0600 0154

dacycycline

(negative) dogs negative for Ehrlichia canis; (positive) dogs positive for Ehrlichia canis; positive + doxycycline: dogs
positive for Ehrlichia canis treated with doxycycline.
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The group of uninfected dogs showed an inversely proportional correlation between TNF-a and
blood viscosity. The IL-10 correlated inversely with blood viscosity in the group of infected and untreated
dogs and correlated directly proportionally in the dogs treated with doxycycline. Cytokines IL-18 and IL-12
showed an inversely proportional correlation with blood viscosity in infected dogs not treated with
doxycycline (Table 4).

Table 4. Pearson’s linear correlations and values of linear coefficients (r) and statistical significance (p)
between serum cytokines and blood viscosity parameters in noninfected dogs and dogs infected with E.
canis untreated or treated with doxycycline.

Cytokine Group Blood Viscosity
E. canis r P

IL-1p 0.673
0046%

0654

I1-& 0694
0860

0924

-8 0.379

¥ 0.081

positive + doxycycline 0.742

IL-10 negative 0.379
, 0031 %

positive + doxycycline 0M9*

IL-12 negative 0.77

positive 0018*

positive + doxycycline 0.155
THNF-cx negative —0.930 =0.001 *

positive —0.672 LiF

positive + doxycycline 14z (.760

(negative) dogs negative for Ehrlichia canis; (positive) dogs positive for Ehrlichia canis; positive + doxycycline: dogs positive
for Ehrlichia canis treated with doxycycline.

Pearson’s linear correlations between the hematological parameters and blood viscosity of the three
groups are shown in Table 5. There was a proportional correlation between the viscosity and leukocytes
and neutrophils in dogs treated with doxycycline.

Table 5. Pearson’s linear correlations and values of linear coefficients (r) and statistical significance (p) between
hematological and blood viscosity parameters in noninfected dogs and dogs infected with E. canis untreated or treated
with doxycycline.

Hematological Group Blood Viscosity
Parameters E. canis f p
Erythrocytes negative 0.022 0.946

positive 0.647 0115
positive + doxycycline —0.266 0.563
Hematocrit negative 0.026 0.939
positive 0722 0.066
positive + doxycycline —0.316 0.489
Hemoglobin negative —0.033 0.922
positive 0.558 0.192
positive + doxycycline —0.350 0441
Leukocy tes negative 0378 0.2504
positive —0.274 0.552
positive + doxycycline 0917 0.003
Neutrophils negative 0.351 0.289
positive —0.272 0.554
positive + doxycycline 0.804 0.029
Monocytes negative 0.269 0.423
positive 0.577 0174

positive + doxycycline —0.036 0.938
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Lymphocytes negative 0.032 0.924
positive 0.439 0.324

positive + doxycycline 0.523 0.228

Eosinophils negative 0.247 0.462
positive —0.541 0.209

positive + doxycycline —0578 0173

Platelets negative 0.087 0797
positive —0.180 0.699

positive + doxycycline —0.332 0.465

(negative) dogs negative for Ehrlichia canis; (positive) dogs positive for Ehrlichia canis; positive +
doxycycline: dogs positive for Ehrlichia canis treated with doxycycline.

4. Discussion

E. canis is a common infection that affects dogs and can show varying clinical signs. However, it is
challenging to determine the stage of the disease in naturally infected dogs compared to experimentally
infected dogs. In this study, dogs exhibited clinical signs such as fever, lethargy, pale gums, loss of appetite,
bleeding, and swollen lymph nodes, characteristic of CME. Other authors have reported similar clinical
findings [31]. Clinical, laboratory, serological, and molecular findings are necessary to diagnose canine
ehrlichiosis. Early diagnosis is crucial for effective treatment of the disease [32].

The disease can cause significant changes in a dog’s blood count [12,13,33]. In this study, dogs

infected with E. canis showed alterations in blood cells, particularly in lymphocytes, eosinophils, and
platelets. This infection also affected the rheological behavior and cytokine levels of the blood. Although
doxycycline treatment improved hematological parameters, no significant changes were observed in blood
viscosity levels after the treatment in infected animals.
CME is challenging to diagnose due to its various stages and clinical manifestations. Hematological
abnormalities have been reported in infected dogs [34]. Here, the evaluation of leukocytes in infected dogs
shows lymphopenia, and no effects on these cells were observed after the doxycycline treatment. A review
update about the treatments used for CME in dogs showed in the conclusions that the first line of treatment
with doxycycline could be performed within 3 to 4 weeks [25], as used in the present study. Similarly,
another study also cites doxycycline treatment with a duration of 3 to 4 weeks [33]. Thus, the duration of
the treatment of 4 weeks demonstrates effectiveness for eliminating the infection of E. canis in dogs, and
it is not necessary to apply the treatment for up to 6 weeks [35].

Interestingly, the concentration of some cells increased due to doxycycline. Hematological alteration
in dogs with CME is also reported in the literature [36]. Tetracyclines are drugs that have
immunomodulatory effects in addition to antimicrobial effects. Thus, doxycycline is cited as an antibiotic
that causes changes in the counts of subpopulations of lymphocytes in dogs with CME and healthy dogs by
inhibiting lymphocyte proliferation or inducing cell death [37]. Doxycycline is an antibiotic used to treat
ehrlichiosis [25], but it demonstrates this undesirable effect on lymphocytes.

Studies in literature have reported a decrease in eosinophil levels in dogs infected with E. canis [38].
However, this study found that treatment corrected eosinopenia despite the initial reduction in eosinophil
levels in infected dogs. Regarding thrombocytopenia in infected dogs with E. canis, it is a very common
alteration described in CME [38]. The use of doxycycline, in addition to the antimicrobial effect on E. canis
[39], has a specific effect on platelet proliferation [37]. This description was shown in our study by the
increase in platelets in the group of dogs with treatment, an effect also reported in other studies [37,40].

Hematological parameters play a vital role in regulating blood viscosity. Variations in the plasma or
cellular components can impact resistance to blood flow in the vascular system and affect tissue perfusion
[41]. In addition, blood viscosity is crucial for maintaining the rheological properties of blood [20], and
studies have correlated changes in viscosity with infections or metabolic diseases [17,21].

Hemorheology is an important tool for characterizing the rheological behavior of the blood of sick
dogs, especially diseases that cause changes in hematological parameters. Thus, blood viscosity is a
parameter obtained by the hemorheology technique essential to be analyzed along with hematological
parameters and serum cytokines to understand the pathophysiological changes in infectious diseases such
as CME. Other articles also observed this mechanism that studied obligate intracellular parasites or bacteria
and hemorheology changes caused by the infectious process [14,18,21].

This study showed interesting hematological, circulatory, and immunomodulation changes in
infected dogs untreated and treated with doxycycline. There was a decrease in the blood viscosity of dogs
infected with E. canis. Similarly reported in another study with dogs infected with bacteria from the
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Anaplasmataceae family, PCR-positive animals had lower blood viscosity than noninfected animals [18]. In
addition, CME can lead to blood viscosity and circulatory flow alterations and predispose to complications
such as thrombosis, the so-called hyperviscosity syndrome [16]. Few studies have shown data about blood
viscosity in infectious diseases in dogs. The blood viscosity of dogs infected with Leishmania sp. decreases
compared to noninfected ones [14]. The treatment with doxycycline for 28 days reduced the blood viscosity.
Research has revealed that dogs with E. canis infection display hypercoagulation and indicate that after five
weeks of treatment with doxycycline, the fibrinolytic effects can be reversed, potentially restoring blood
viscosity in infected animals [33]. Further studies are required to explore the optimal duration of
doxycycline treatment and its impact on blood viscosity in dogs with E. canis infection.

During the acute phase of CME, there is an increase in the pro-inflammatory cytokine TNF-a [42],
attracting TNF-producing cytotoxic T lymphocytes. However, there is a decrease in Ehrlichia-specific helper
T lymphocytes [43]. This study found that TNF-a levels were lower in dogs infected with E. canis than in
noninfected dogs, regardless of treatment. This decrease in TNF-a production may be due to the direct
effect of the antibiotic doxycycline, which inhibits its production [37,40]. It could also be related to the
lymphopenia observed in dogs with CME [44]. As time passes after infection, the serum concentration of
TNF-a produced by lymphocytes decreases [42], indicating that dogs with CME may be in the subclinical
phase of the disease. To improve the immune response to E. canis during treatment, a drug with
immunobiological action, such as levamisole [45], could activate phagocytosis and improve the immune
response to E. canis during treatment.

Notably, animals infected with E. canis showed a rise in -1 and monocytes when given doxycycline
treatment. IL-1_is a significant player in immune responses and inflammation. This cytokine group includes
11 ligands—7 agonists, 3 receptor antagonists, and 1 anti-inflammatory cytokine—and contributes to the
resolution of acute inflammation [46,47]. The increase in these cytokines in dogs infected with E. canis
might be a valuable indicator for diagnosing the acute stage of CME.

Some studies have shown that in dogs with acute Ehrlichia sp. infection, there is no significant
difference in serum TNF-a and IL-10 levels between infected and noninfected groups [44]. However,
another study found that 18 days after infection, there is a significant increase in TNF-a and IL-10 levels in
infected dogs, but this difference disappears after 30 days [44]. Similarly, a study on Babesia rossi, another
intracellular pathogen, showed a difference in TNF-a and IL-10 cytokine levels between groups of infected
and noninfected dogs [48].

This study shows that in dogs treated with doxycycline, there is a correlation between IL-10 and
leukocytes. This correlation is not present in untreated animals, suggesting that doxycycline has an
immunomodulatory effect. IL-10 is an important cytokine that helps balance the Th1/Th2 cell response in
dogs with CME. Previous research has shown immunomodulation between TNF-a and IL-10 [44]. In dogs
infected with E. canis, IL-10 is inverse correlated with blood viscosity, which becomes proportional with
doxycycline treatment. In untreated infected dogs, IL-12 also has an inverse correlation with blood viscosity.
IL-10 plays a vital role in regulating macrophages and monocytes and suppressing inflammatory cytokines
such as IL-1_, IL-6, IL-12, and TNF-a [49]. Another study that correlated viscosity and cytokines
demonstrates that Interferon Gamma (IFN-y) correlates with blood viscosity in dogs infected with bacteria
from the Anaplasmataceae family, indicating that the higher the level of IFN-y, the greater the value of
blood viscosity [18]. Still, this study observed data from infected individuals and not post-treatment with
doxycycline.

Data on changes in blood viscosity in dogs with infectious diseases are scarce [14,18]. Blood viscosity
in this study correlated with TNF-a values in the uninfected dogs with high serum concentrations of this
cytokine. Perhaps high levels play an important role in modulating blood viscosity in dogs. A human study
demonstrated that patients with sickle cell disease had higher levels of TNF-a and blood viscosity when
compared to healthy individuals [50].

Another hematological parameter that demonstrated an effect on viscosity was the leukocytes and
neutrophils in the group treated with doxycycline. White blood cell and platelet counts are reported as
components affecting blood viscosity [51]. As the infected group had a lower leukocyte count than the
noninfected group, this could explain one of the causes of the decrease in blood viscosity and the decrease
in TNF-a levels. Blood components such as erythrocytes, hematocrit, and platelets can influence the
variation in blood viscosity [51]. However, no correlations were observed between these parameters and
blood viscosity in any of the groups in this study.

To ensure that ehrlichiosis is diagnosed accurately, it is recommended to use multiple diagnostic
assays, including serology-based tests like ELISA and molecular assays. Studies have shown that confirming
the diagnosis through a combination of serology and PCR testing is effective for canine ehrlichiosis. Real-
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time PCR can measure bacterial loads and identify specific gene fragments, with sequencing revealing the
Ehrlichia species responsible for the infection [1,52,53]. However, clinical and hematological evaluations
must also be considered. In this study, dogs showing symptoms of CME were initially screened with rapid
serological tests and then examined using PCR to detect E. canis DNA. However, it is important to note that
this approach may have some limitations. Furthermore, the timing of the dogs’ infection was not precisely
determined because they were naturally infected animals, which could have influenced some of the
laboratory results. More research is needed on alternative diagnostic tests to improve the detection of
ehrlichiosis and other markers that may help identify disease progression in naturally infected dogs.

5. Conclusions

The findings of this study indicate that dogs with E. canis had lower total leukocytes, lymphocytes,
eosinophils, platelets, blood viscosity, and TNF-a. The treatment with doxycycline was able to increase
platelet and eosinophil levels. However, the drug increased IL-1 and monocyte levels, which could
exacerbate inflammation. Thus, when treating a dog with monocytic ehrlichiosis using doxycycline, it is
important to evaluate viscosity parameters and cytokine levels.
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APENDICE C

Anexo — Modelo de Termo de Consentimento

UNIVERSIDADE FEDERAL DE MATO GROSSO
COMITE DE ETICA NO USO DE ANIMAIS

TERMO DE CONSENTIMENTO

PROJETO DE PESQUISA

Eu, ,  RGI/ICPF
numero , responsavel pelo(os) animal (ais)
, da especie , raga/linhagem

e idade , autorizo a participacdo dos

mesmos no projeto de pesquisa intitulado “Avaliagcao da relagcao de
parametros hemorreolégicos com a liberagao de citocinas em processos
de necrose e apoptose em caes com Erliquiose Monocitica Canina”

coordenado pelo pesquisador Me. Saulo Pereira Cardoso.

, de de

assinatura e data do proprietario ou responsavel pelos animais
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Anexo — Certificado de aprovagao pelo CEUA

@ UNIVERSIDADE FEDERAL DE MATO GROSSO COMITE DE ETICA NO USO
DE ANIMAIS DO ARAGUAIA (CEUA-Araguala)
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Centificamos gue o Protocolo N° 23108.087992/2020-21. do Projets inlilukado “Avaliagio da
relacdo de pardmetros hemorreologicos com a liberagdo de citocinas em processos de
necrose e apoptose em cdes com Eriquiose Monocitica Canina’, sob a responsabiidade de
Saulo Pereira Cardoso, Adenilda Cristina Hondrio-Franga, Valéria Régia Franco Sousa «
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adolados pelo Conselho Nacional de Controle de Experimentacio Animal (CONCEA), tendo sido
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Grasso ~ UFMT / Campus do Araguaia), em reunido ordindna de 08/02/2021.

CERTIFICATE

We centify that the Prolocol N° 23108.087992/2020-21, related 1o the Project entitied “Evaluation
of the hemorheological parameters relationship with the release of cytokines in processes
of necrosis and apoptosis in dogs with Canine Monocytic Ehrlichiosis”, is in agreemeant with
the Ethiced Principles for Animal Research eslablished by the National Council for Control of
Animal Experimantation (CONCEA). Ths Project was approved by the Commillee on Ethics in
the Use of Animals of Aragusia (Federal Uriversity of Malo Grosso - UFMT / Campus of

Araguais) in reunion at 0208/2021.
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