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RESUMO

A proximidade entre cées (Canis familiaris) e humanos, associada a fatores como alta densidade
populacional, vida livre e mobilidade, favorece o papel dos cdes como reservatorios e
disseminadores de agentes patogénicos. Entre esses agentes, destacam-se 0s hemopatdgenos
transmitidos por vetores, amplamente distribuidos, especialmente em regides tropicais, e de
grande relevancia no contexto da Satide Unica, por causarem importantes enfermidades em caes
no Brasil. Apesar de a transmisséo vetorial ser bem estabelecida, a transmisséo vertical desses
agentes permanece pouco investigada. Este estudo teve como objetivo investigar a ocorréncia
de transmissdo vertical de Ehrlichia canis, Anaplasma platys, Anaplasma phagocytophilum,
Babesia vogeli, Hepatozoon sp., Leishmania sp. e Mycoplasmas hemotrépicos em cadelas
prenhes naturalmente infectadas. No Capitulo 1, descreve-se o primeiro relato de transmissdo
transplacentéaria de E. canis em cées, com analises moleculares realizadas em 51 amostras de
sangue total de cadelas no pré-parto, 51 placentas correspondentes, 22 pools de baco e figado
de natimortos e 40 amostras de sangue total de neonatos com até cinco dias de vida. Os achados
sustentam a transmissdo vertical, por métodos moleculares, em dois (9.09%) pools de 6rgdos e
em um (2.5%) neonato. No Capitulo 2, foram investigados, através de metodologias
moleculares seguidas de analises filogenéticas, a ocorréncia dos demais hemopatogenos e
possiveis coinfec¢des nas mesmas amostras examinadas no Capitulo 1. Os resultados revelaram
transmisséo vertical de A. platys em 7% dos pools de 6rgéos e de hemoplasmas em 31,81% do
mesmo material, além do primeiro registro de transmissdo transplacentaria de B. vogeli,
detectada em 13,63% dos natimortos e 25% dos neonatos. N&o foi detectada infeccdo por
A. phagocytophilum, Leishmania sp. e Hepatozoon sp. em nenhum dos materiais testados. Por
fim, o Capitulo 3 analisa os achados hematoldgicos das cadelas gestantes infectadas, incluindo
monocitose, trombocitose e anemia, com énfase nas alteracBes associadas a presenca de
hemopatogenos e discutindo o possivel impacto fisiopatoldgico dessas infecgbes durante a
gestacdo. A confirmacdo dessa via de transmisséo tem implicacfes epidemioldgicas relevantes,
pois pode permitir a manutencdo dos agentes infecciosos nas popula¢fes caninas mesmo na
auséncia do vetor, comprometendo a eficAcia de estratégias de controle baseadas
exclusivamente no combate aos artropodes, como 0 uso de ectoparasiticidas. Associado a isso,
a compreensdo da patogénese dessas infeccdes durante a gestacdo fornece informacdes que
podem contribuir para o manejo clinico e terapéutico, auxilia na implementacdo de medidas
preventivas e no diagndstico precoce no periodo periparto, além de ampliar a compreensdo da
interacdo parasito-hospedeiro.

Palavras-chave: Hemoparasitos; patdgenos transmitidos por vetores, transmissao
transplacentaria, diagndstico molecular.



ABSTRACT

The close relationship between dogs (Canis familiaris) and humans, associated with factors
such as high population density, free-roaming lifestyle, and mobility, favors the role of dogs as
reservoirs and disseminators of pathogenic agents. Among these agents, vector-borne
hemopathogens stand out, being widely distributed, especially in tropical regions, and of great
relevance in the One Health context, as they cause significant diseases in dogs in Brazil.
Although vector transmission is well established, vertical transmission of these agents remains
poorly investigated. This study aimed to investigate the occurrence of vertical transmission of
Ehrlichia canis, Anaplasma platys, Anaplasma phagocytophilum, Babesia vogeli, Hepatozoon
sp., Leishmania sp., and hemotropic Mycoplasma in naturally infected pregnant bitches.
Chapter 1 describes the first report of transplacental transmission of E. canis in dogs, with
molecular analyses performed on 51 whole blood samples from prepartum bitches, 51
corresponding placentas, 22 spleen and liver pools from stillborn puppies, and 40 live neonates
up to five days old. The findings support vertical transmission, based on molecular methods, in
two (9.09%) organ pools and in one (2.5%) neonate. In Chapter 2, the occurrence of the other
hemopathogens and possible coinfections in the same samples examined in Chapter 1 were
investigated through molecular methodologies followed by phylogenetic analyses. The results
revealed vertical transmission of A. platys in 7% of the organ pools and of hemoplasmas in
31.81% of the same material, in addition to the first record of transplacental transmission of B.
vogeli, detected in 13.63% of the stilloorns and 25% of the neonates. Infection by A.
phagocytophilum, Leishmania sp., and Hepatozoon sp. was not detected in any of the tested
materials. Finally, Chapter 3 analyzes the hematological findings of infected pregnant bitches,
including monocytosis, thrombocytosis, and anemia, with emphasis on the alterations
associated with the presence of hemopathogens and discussing the possible pathophysiological
impact of these infections during pregnancy. The confirmation of this transmission route has
relevant epidemiological implications, as it may allow the maintenance of infectious agents in
canine populations even in the absence of the vector, compromising the effectiveness of control
strategies based exclusively on arthropod control, such as the use of ectoparasiticides. In
addition, understanding the pathogenesis of these infections during pregnancy provides
information that may contribute to clinical and therapeutic management, assist in the
implementation of preventive measures and early diagnosis in the peripartum period, and
broaden the understanding of the parasite—host interaction.

Keywords: Hemoparasites; vector-borne pathogens; transplacental transmission; molecular
diagnosis.
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1. INTRODUCAO

A domesticacdo dos cdes (Canis familiaris) representa um marco importante na historia
das interagdes entre humanos e animais. Estudos arqueoldgicos e genéticos mostram que o cdo
foi a primeira especie domesticada, antes mesmo do surgimento da agricultura e do modo de
vida sedentéario (Savolainen et al., 2002). Esse processo de domesticacdo exerceu influéncia
sobre a cultura, a sociedade e a biologia humana, consolidando os cdes como companheiros
préximos ao longo da histéria (Larson et al., 2012), e, na atualidade, como parte das familias
modernas, aumentando assim a preocupacdo com a manutencdo da salde e bem-estar desses
animais. Paralelamente, caracteristicas como alta densidade populacional, habitos de vida livre
e a capacidade de se deslocar entre diferentes tipos de ambientes contribuiram para que esses
animais se tornassem potenciais reservatorios e disseminadores de agentes patogénicos,
responsaveis por enfermidades de diferentes graus para os animais e com potencial zoonotico
(Paschoal et al., 2016). Entender mais sobre essa relagdo € importante para elucidar o papel
dos cdes na dindmica de transmissdo e manutencdo de doencas que impactam tanto a saude
humana quanto a animal.

Nesse contexto, 0s agentes transmitidos por vetores sdo responsaveis por enfermidades
de grande relevancia no ambito do conceito de Uma S& Saude ou One Health, como por
exemplo a Leishmaniose Visceral, causada pelo protozoario Leishmania infantum. Ferroglio
(2018) correlaciona o aumento das infec¢des por L. infantum ao aumento do nimero de caes e
a movimentacdo desses animais de areas endémicas para regides anteriormente livres da
doenca, além de condicbes climaticas que promovem alteracdes favoraveis na biologia dos
vetores, os flebotomineos do género Lutzomyia, enfatizando os cdes como importantes
reservatorios do agente patogénico para a doenga.

Diante desse panorama, as hemoparasitoses tém grande importancia por acometerem
caes e envolverem uma ampla diversidade de vetores e agentes patogénicos. Dentre eles,
destacam-se 0s agentes transmitidos por carrapatos como as riquétsias dos géneros Ehrlichia e
Anaplasma (André, 2018), os Mycoplasma hemotrépico ou hemoplasmas (do Nascimento et
al., 2012), e os apicomplexas dos géneros Babesia e Hepatozoon (Dantas-Torres, 2008). De
modo geral, essas infeccdes podem se manifestar de forma crdnica e sem sinais clinicos
evidentes (Dantas-Torres, 2008) ou, em determinadas situacdes, apresentar evolucdo aguda,
levando ao aparecimento progressivo de sinais clinicos como anorexia, emagrecimento,
anemia, trombocitopenia, leucopenia, comprometimento muscular e outras alteracdes, de

acordo com a intensidade da parasitemia e a ocorréncia de coinfec¢Ges (Shaw et al., 2001).
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O carrapato marrom do cdo, Rhipicephalus sanguineus sensu lato, é o principal vetor e
responsével pela transmissdo bioldgica das riquétsias Ehrlichia canis e Anaplasma platys, além
do protozoario Babesia vogeli (Dantas-Torres, 2008). Esses trés patdgenos estdo entre as
principais causas de doencas infecciosas que acometem cées no Brasil. O mesmo vetor também
participa da transmissédo de Hepatozoon canis (O’Dwyer, 2011), havendo ainda evidéncias de
sua participacdo na disseminacdo de Anaplasma phagocytophilum (Santos et al.,2013) e de
Mycoplasma spp. Hemotrépicos (Messick, 2003). Por sua vez, o flebotomineo L. longipalpis é
o principal vetor responséavel pela propagacdo de L. infantum no Brasil (Lainson & Rangel,
2005).

Embora a transmissdo vetorial desses agentes esteja amplamente documentada na
literatura, pouco se discute sobre a transmisséo vertical desses patdgenos, com exce¢édo de L.
infantum, cuja ocorréncia por essa via é relatada no Brasil desde 2009 (da Silva et al., 2009).
Os mecanismos envolvidos nessa forma de transmissdo ainda requerem investigacbes mais
aprofundadas, embora a hipotese mais aceita seja 0 extravasamento de sangue na interface
materno-fetal, sequido da fagocitose de células infectadas pelos trofoblastos fetais (Oliveira et
al., 2012; Ambrosio et al., 2019).

Considerando a importancia dos agentes E. canis, A. platys, A. phagocytophilum, B.
vogeli, H. canis, Mycoplasmas hemotropicos e L. infantum para a saide veterinaria e publica,
este estudo teve como objetivo investigar a ocorréncia de transmissao vertical desses patdgenos
em cadelas brasileiras naturalmente infectadas. Os achados sustentam essa via de transmissao,
que pode ter como implicacdo epidemioldgica a manutencdo dos agentes infecciosos nas

populacdes caninas mesmo na auséncia do vetor.
2. OBJETIVOS

2.1 Objetivo geral

Avaliar a evidéncia molecular da ocorréncia de transmissao vertical de hemopatogenos de

cadelas para neonatos pela via transplacentaria.

2.2 Objetivos especificos

e ldentificar, por métodos parasitoldgico (esfregaco sanguineo) e molecular a presenca
dos agentes E. canis, A. platys, A. phagocytophilum, hemoplasmas, B. vogeli,
Hepatozoon spp. e Leishmania spp., em amostras de sangue e placenta de cadelas

gestantes, bem como em pool de 6rgdos de filhotes natimortos e em sangue total de
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neonatos com até cinco dias de vida;
e Descrever a ocorréncia de coinfeccOes pelos agentes pesquisados;

e Determinar, por metodologia molecular, a frequéncia de neonatos infectados por
ninhada analisada;

e Realizar andlises hematoldgicas (hemograma completo, indices eritrocitarios,
diferencial leucocitario e contagem plaquetaria) em amostras sanguineas de

cadelas gestantes positivas para pelo menos um dos agentes investigados
3. REVISAO DE LITERATURA

3.1 Hemoparasitoses caninas

Os patogenos transmitidos por vetores (Vector Borne Pathogens-VBPs) constituem um
grupo diverso de agentes etioldgicos responsaveis por algumas das principais enfermidades que
acometem cées no Brasil (Dantas-Torres, 2008). Nesse cenario, 0s hemopatogenos transmitidos
por ectoparasitos e o papel dos cdes como disseminadores de microrganismos infecciosos e, por
vezes, zoonaticos, assumem importancia tanto na clinica médica de pequenos animais quanto
na saude publica (Dantas-Torres, 2012; Gondard et al., 2017). A incidéncia dessas
enfermidades em animais domésticos no Brasil estd diretamente associada a presenca e a
distribuicdo geografica dos vetores, sendo mais comum em regides tropicais e subtropicais.
Entretanto, fatores climaticos e ecoldgicos tém favorecido a expansdo progressiva desses
patdgenos para novas areas anteriormente ndo endémicas (lrwin, 2002).

Segundo Dantas-Torres (2019), a lista atualizada de carrapatos brasileiros inclui 70
espécies. O carrapato marrom do cdo, Rhipicephalus sanguineus sensu lato é vetor de
hemopatdgenos que possuem relevancia em clinica veterinaria e em sadide publica (Walker et
al., 2000; Dantas-Torres et al., 2006). De acordo com Szabo et al. (2005), R. sanguineus foi
introduzido no Brasil durante o periodo colonial e apresenta forte associacdo com os cées, que
constituem seus principais hospedeiros e as picadas em outros animais, inclusive seres
humanos, sdo consideradas de carater acidental, porém esse artropode pode alcancar altas
densidades populacionais em ambientes domiciliares e peridomiciliares habitados por cées
(Labruna e Pereira, 2001; Guglielmone et al., 2006), favorecendo infestacdes extensas em canis
e até mesmo no interior das residéncias. Estudos recentes, baseados na designacao de ne6tipo,
na redescricdo morfoldgica e na caracterizacdo molecular, redefiniram a identidade taxonémica

do complexo R. sanguineus sensu lato. Nesse contexto, a denominada “linhagem temperada”
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passou a ser reconhecida como R. sanguineus sensu stricto (s.s.) (Nava et al., 2018), enquanto
a “linhagem tropical” foi formalmente designada como R. linnaei (Audouin, 1826), sendo esta
altima a linhagem mais amplamente distribuida e frequentemente registrada em escala global
(Slapeta et al., 2021; Slapeta et al., 2022). Evidéncias experimentais demonstram que apenas
R. linnaei, anteriormente referida como a cepa tropical de R. sanguineus s.l., apresenta
competéncia vetorial comprovada para a transmisséo de E. canis em cdes (Moraes-Filho et
al.,2015). Trata-se de uma espécie amplamente distribuida, presente em cées em todas as
regides do Brasil, sendo o principal vetor biolégico de hemopat6genos para caes, incluindo os
protozoarios apicomplexos Babesia spp. e Hepatozoon spp., além das riquétsias dos géneros
Anaplasma e Ehrlichia.

Dentre as espécies de ixodideos de maior relevancia para a satde publica podemos citar
Amblyomma sculptum e A. aureolatum, responsaveis pela transmissdo da bactéria Rickettsia
rickettsii - causadora da febre maculosa no pais (Labruna et al., 2017). No Brasil, A. sculptum
é reconhecido como o principal vetor de R. rickettsii para o ser humano (Szabo et al., 2013).
Esse carrapato de habito exofilo, é trioxeno (Guglielmone et al., 2006) e em condi¢cdes
favoraveis completa um ciclo de vida por ano. E frequentemente encontrado em areas com
vegetacdo degradada, cerrado, matas ciliares e bordas de trilhas ou proximos a assentamentos
humanos (Souza et al., 2006). J& A. aureolatum é um carrapato neotropical de trés hospedeiros,
associado a regides de Mata Atlantica na regido Sudeste do pais (Sabatini et al., 2010). Os casos
de febre maculosa brasileira em humanos relacionados a essa espécie de carrapato tendem a
ocorrer quando cdes entram em areas de mata atlantica, sdo infestados por carrapatos adultos e,
ao retornarem para o ambiente domiciliar, transportam esses ectoparasitos até as pessoas (Szabo
et al., 2013).

As bactérias do género Mycoplasma e o protozoario Leishmania spp. também figuram
entre os agentes de grande relevancia nas infec¢es que acometem cées. Todos esses géneros
de patégenos apresentam potencial zoonotico e veiculacao vetorial bem descritas, sendo assim
importantes tanto para medicina veterinaria quanto humana. No entanto, a via vertical de
transmissdo é pouco elicidada. Essa realidade reforca a importancia do conceito de Salde
Unica, que reconhece a interdependéncia entre a satde animal, humana e ambiental e também

a necessidade de maiores estudos acerca dessa via alternativa de transmissao.
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3.2 Principais hemopatdgenos de cées

3.2.1 Familia Anaplasmataceae
Os microorganismos da familia Anaplasmataceae (Rickettsiales: Anaplasmataceae) sdo

bactérias obrigatoriamente intracelulares que habitam os fagossomos das células hospedeiras e
séo potencialmente causadoras de doencas a humanos e animais (De Sousa et al., 2017). Dentre
as rickéttsias endémicas que acometem caes e sdo pertencentes a essa familia, podemos citar as
espécies A. platys, A. phagocytophilum e E. canis, sendo a terceira comprovadamente
transmitida pelo carrapato R. sanguineus s. I. no Brasil (Groves et al., 1975) e a primeira
sugerida com deteccdo molecular do agente no vetor artropode (Almeida et al., 2012). A
transmissao de A. phagocytophilum por essa espécie de carrapato ainda ndo foi confirmada, mas
relatos associam o agente a infec¢cbes em mamiferos domeésticos e silvestres no pais (Silveira et
al., 2015, Silveira et al., 2017).

No Brasil, A. platys é a rickettsia do género Anaplasma mais prevalente em infeccGes
caninas, responsavel por parasitar plaquetas e causar a enfermidade conhecida como
trombocitopenia ciclica infecciosa (Gaunt et al., 2010). Desde o primeiro relato em 1978, esse
agente ja foi descrito parasitando gatos, equinos, bovinos, caprinos, animais silvestres e
humanos (Harvey et al.,1978; Breitschwerdt et al., 2014; Qurollo et al.,2014).

Parasito com distribuicdo global, abrangendo Africa, Asia, Oceania e Américas (Matei
et al., 2016; Barker et al., 2012; Dyachenko et al., 2012; Ferreira et al., 2007), A. platys
encontra-se amplamente distribuida no Brasil, sendo considerada endémica, com taxas de
prevaléncia que oscilam entre 4,1% e 17,2% na cidade de Belo Horizonte, Minas Gerais. Esses
indices variaram conforme a area geografica investigada, o perfil da populacdo canina avaliada
e o tipo de teste diagndstico empregado, seja ele baseado em métodos diretos ou indiretos
(Costa-Junior et al., 2013).

A infeccdo por essa rickettsia em cdes, manifesta-se tipicamente por episodios
recorrentes de trombocitopenia, que flutuam em ciclos de cerca de 10 a 14 dias durante a fase
aguda da doenca (Gaunt et al., 2010); acredita-se que essa reducdo no numero de plaquetas
resulte da fagocitose mediada por macrofagos, ou pela opsonizacdo através de anticorpos (De
Tommasi et al., 2014). Embora muitos animais permanecam sem apresentar sinais clinicos
evidentes nessa fase inicial, j& foram descritas manifestacdes como letargia, diminui¢do ou
perda do apetite, emagrecimento, febre, petéquias e episddios de epistaxe (Diniz e Aguiar,
2022).


https://www.scielo.br/j/aabc/a/LKZsNx65LLW4rNBdLNLc9kB/?lang=en#B20_ref
https://www.scielo.br/j/aabc/a/LKZsNx65LLW4rNBdLNLc9kB/?lang=en#B20_ref
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A transmissdo através do carrapato vetor R. sanguineus s.I é a principal via de
veiculacdo tanto de E. canis quanto de A. platys (Almeida et al., 2012; Moraes-Filho et al.,
2015).

Pertencente ao mesmo género, A. phagocytophilum é uma rickettsia intracelular de
células granulociticas, responsavel pela anaplasmose granulocitica humana (HGA) (Madewell
e Gribble, 1982). Esse patdgeno possui ocorréncia mundial, e ja foi identificado parasitando
equinos, bovinos, céaes, animais silvestres e seres humanos (Salvagni et al., 2010; Stuen et al.,
2013; Silveira et al., 2014; Silveira et al., 2015).

A soroprevaléncia desta hemobactéria em cdes foi relatada em 55% na América do
Norte e 50% na Europa (Beall et al., 2008; Barutzki et al., 2006). No Brasil, a frequéncia de
soropositividade alcangou 42,8% na mesma espécie, na cidade de Belo Horizonte (Silveira et
al., 2017).

A patogenia da doenga envolve imunossupressdo funcional, que favorece infecgOes
secundarias, e ativacdo da resposta inflamatdria sistémica com liberacdo de citocinas pro-
inflamatdrias. Esse mecanismo resulta em febre, leucopenia, trombocitopenia e manifestacdes
clinicas como letargia, anorexia, dor articular, além de possiveis sinais respiratorios e
neuroldgicos (Stuen et al., 2013).

Anaplasma phagocytophilum é, prioritariamente, transmitido por carrapatos duros
pertencentes ao complexo Ixodes persulcatus. Entretanto, no Brasil, os mecanismos de
transmissdo vetorial ainda ndo estdo completamente esclarecidos, jA que as espécies
sabidamente vetores ndo possuem ocorréncia no pais. Santos et al., (2011), observaram
associacdo positiva entre carrapatos do género Amblyomma e A. phagocytophilum, indicando
que esse artropode pode estar ligado a transmissdo desse agente. Silveira et al. (2017) relataram
alta soroprevaléncia desta hemobactéria em cédes na cidade de Belo Horizonte e identificaram
apenas carrapatos da espécie R. sanguineus nos animais avaliados. Esses dados ressaltam a
necessidade de investigacdes adicionais sobre a possivel participacdo deste artropode na
transmissdo vetorial do agente.

Ehrlichia canis, hemobactéria intracelular obrigatoria de células mononucleares, é o
agente etiolodgico da erliquiose monocitica canina (EMC), uma enfermidade cosmopolita, de
maior incidéncia em condicGes favoraveis para ocorréncia e manutencdo do vetor artrépode
(Lewis et al., 1977). Essa rickettsia ja foi descrita parasitando canideos silvestres, felinos
domésticos e humanos (André, 2018; Oliveira et al., 2009; Perez et al., 1996). Apresenta uma
distribuicdo geografica que se estende desde o Brasil até 0 Meéxico e alcanca regifes do sul dos

Estados Unidos, como a Florida e o sul do Texas, areas nas quais ha relatos de alta


https://www.sciencedirect.com/science/article/pii/S1877959X15000163?casa_token=9uDSNSXV9kcAAAAA:6KMerERHbXHwp49A4vpecg9FLOt4aunEdUJfUUMpN92PhbRWr876G0asGGR8mkMtgl6lfrbDPA#bib0075
https://www.sciencedirect.com/science/article/pii/S1877959X15000163?casa_token=9uDSNSXV9kcAAAAA:6KMerERHbXHwp49A4vpecg9FLOt4aunEdUJfUUMpN92PhbRWr876G0asGGR8mkMtgl6lfrbDPA#bib0075
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soropositividade (Qurollo et al., 2014; Movilla et al., 2016; Jones et al., 2017). A prevaléncia
de infeccBes por esse agente no Brasil é variavel, com percentuais que véo de 7,8% na Bahia a
88% em S&o Paulo, conforme estudos que utilizaram deteccdo molecular como diagndstico
(Carvalho et al., 2008; Dagnone et al., 2009). A patogénese da doenca inclui um periodo de
incubacdo de oito a 20 dias, seguido de fases aguda, subclinica (assintomatica) e cronica. E 0s
sinais clinicos mais comuns durante as fases aguda ou cronica em cées naturalmente infectados
sdo letargia, inapeténcia, anorexia, perda de peso, febre, epistaxe, petéquias, linfadenopatia e
esplenomegalia, enquanto a anemia e a trombocitopenia sdo as alteraces hematoldgicas mais
comumente observadas (Diniz e Aguiar, 2022).

A combinacdo de mais de uma técnica é recomendada para otimizar o diagndstico de
hemoparasitoses de maneira geral, em seus diferentes estagios de infeccdo em animais
domésticos (Kidd, 2019). Para a familia Anaplasmataceae, a analise de esfregacos sanguineos
é um método comumente utilizado, mas possui sensibilidade e especificidade variavel a
depender da ricketsemia e da experiéncia do operador (Harrus e Waner, 2011). A sorologia é
empregada principalmente como ferramenta de triagem; contudo, apresenta baixa
especificidade, e ja foram descritas reacfes cruzadas entre os membros da familia (Carrade et
al., 2009). Por fim, métodos moleculares demonstram boa especificidade sobretudo quanto
testado diferentes materiais, mas baixa sensibilidade em infec¢des subclinicas ou crénicas
nucleotideos (Rodriguez-Alarcon et al., 2020).

A terapia antimicrobiana como tratamento das infecgdes causadas pelos agentes da
familia Anaplasmataceae, deve ser pautada em diagndstico laboratorial em associacdo a
manifestacdes clinicas. A doxiciclina, na dose de 10mg/kg dia, continua sendo o antibidtico
recomendado, e a duracdo do tratamento vai depender do agente etioldégico e possiveis
coinfeccBes. Além dos antibioticos, a terapia de suporte, como fluidoterapia, correcdo de
eletrolitos e administracdo de hemoderivados, pode ser necessaria (Diniz e Aguiar, 2022).

A prevencdo mais eficaz de Anaplasmataceaes baseia-se no controle de vetores no
animal e ambiente, isso inclui a reducdo da exposicdo aos carrapatos e uso de acaricidas
(Ferrolho et al.,2025). A triagem de potenciais doadores de sangue e de animais destinados a
reproducdo é importante, considerando também outras vias de transmissdo dos agentes, como

a transfusional e a vertical.

3.2.2 Mycoplasma hemotrépico
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Inicialmente classificados com rickettsias pertencentes aos géneros
Haemobartonella e Eperythrozoon, os Micoplasmas hemotropicos, também conhecidos como
hemoplasmas, foram posteriormente, através de estudos de sequenciamento do gene 16S rRNA,
reclassificados dentro do género Mycoplasma (Micoplasmataceae: Mycoplasma) (Neimark et
al., 2001). S&o bactérias gram-negativas epieritrocitarias obrigatdrias, que possuem auséncia de
parede celular e 0,3 a 1 um de didmetro. Em contraste com varios micoplasmas da mucosa,
esses organismos nunca foram cultivados com sucesso (Biondo et al., 2009).

Os hemoplasmas acometem uma grande diversidade de hospedeiros, abrangendo
espécies como gatos, cdes, roedores, suinos, bovinos, ovinos, equinos, morcegos, besouros e
seres humanos. E diferentes espécies dessa bactéria ja foram descritas pelo mundo. As
principais espécies de hemoplasmas que acometem cdes sdo Mycoplasma haemocanis e
Candidatus Mycoplasma haematoparvum (Tasker, 2020).

A prevaléncia dessas duas espécies € bastante variavel. Tasker (2020) descreveu taxas
mundiais que vdo de 0,0% a 52,4% para M. haemocanis e 0,0% a 33,3% para Ca. M.
haematoparvum, com base em resultados obtidos por PCR. O autor também observa que essa
variacdo € influenciada por fatores como a distribuicdo geogréfica, as condi¢cdes clinicas
individuais dos animais, o tipo de amostra coletada e a especificidade do método molecular
empregado. A patogénese dos hemoplasmas caninos é pouco elucidada e a sintomatologia
clinica mais comumente encontrada é anemia hemolitica, frequente em animais jovens ou
imunossuprimidos (Do Nascimento et al., 2012).

A conclusdo acerca das diferentes vias de transmissdo desses agentes ainda possui
limitacbes. Embora a transmissdo por vetores seja frequentemente mencionada, para
hemoplasmas caninos, envolvendo artropodes como pulgas, moscas e carrapatos (Seneviratna
et al., 1973; Assarasakorn et al., 2012), os estudos disponiveis ndo sdo definitivos. A deteccédo
de DNA do agente nesses ectoparasitos pode apenas indicar seu habito hematdfago, sem
comprovar de forma conclusiva sua competéncia vetorial. A transfusdo sanguinea é uma via
comprovada de disseminacdo do agente (Gary et al., 2006). J& a transmissdo vertical e a
transmissdo indireta por agressdo apresentam fortes indicios de eficacia na manutencdo da
infeccdo (Cannon et al., 2016; Lashnits et al., 2019).

As técnicas utilizadas para o diagndstico de hemoplasmas sdo, em grande parte,
semelhantes as empregadas na detecgdo de outros hemopatogenos. O diagnostico direto por
meio de esfregaco sanguineo apresenta sensibilidade proporcional ao nivel de bacteremia e

especificidade que depende da experiéncia do examinador (Ghazisaeedi et al., 2014). Ja os
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métodos moleculares oferecem alta especificidade, sendo que a capacidade de diferenciar
espécies esté relacionada a precisdo dos primers utilizados (Peters et al., 2008).

A compreensdo ainda incompleta sobre as rotas de transmissao dos hemoplasmas em
condicdes de campo torna dificil estabelecer orientacdes preventivas definitivas. No entanto,
medidas como reduzir situacOes de agressao entre animais, adotar controle rigoroso de pulgas
e carrapatos e realizar triagem molecular de doadores de sangue sdo recomendadas (Tasker,
2020).

3.2.3 Babesia vogeli

Pertencente ao género Babesia, a espécie B. vogeli (Apicomplexa: Piroplasmida)
€ 0 agente mais comum da babesiose canina no Brasil, embora j& existam relatos, no sul do pais,
associados a Babesia gibsoni (Braccini et al., 1992; Trapp et al., 2006). Intraeritrocitico
obrigatdrio, o protozoario ja possui relato de parasitar, além de caes, gatos domésticos e animais
selvagens (Palmer et al.,2022; Javeed et al., 2022). Tem distribuicdo mundial com relatos na
Europa (Criado-Fornelio et al., 2003), Africa (Matjila et al., 2004), e América (Rojas et al.,
2014; Criado-Fornelio et al., 2007). No Brasil a prevaléncia de B. vogeli é variante oscilando,
por exemplo, entre 0,9% no Maranhdo e 22% no Para (Moraes et al., 2015; Costa et al., 2015).

Em Belo Horizonte, Costa-Junior et al (2012) encontrou 12,0% de prevaléncia em cées
através de metodologias moleculares e Bastos et al (2004) relatou 42,0% de prevaléncia, em
uma populacdo suspeita para hemoparasitoses, tendo o esfregaco sanguineo como método
diagnostico. A babesiose canina figura entre as principais doencas veiculadas por carrapatos
que acometem cdes no pais, mas ja foi relatada em outras espécies, incluindo roedores (de Sousa
et al., 2018). Seis espécies de Babesia foram identificadas parasitando humanos no mundo
(Kumar et al., 2021), evidenciando o potencial zoon6tico e importancia desse género para satde
humana, mas nenhum relato foi associado a B. vogeli até o0 momento.

A principal patogenia desse hemopatdgeno inclui a invasdo e destruicdo de globulos
vermelhos, levando a anemia hemolitica que resulta da lise direta dos eritrécitos pela replicacao
dos parasitas intracelulares e por ligacdo de anticorpos a superficie celular promovendo
hemolise combinada intravascular e extravascular (Adachi et al., 1994 Solano-Gallego et al.,
2011).

Embora anemia hemolitica grave possa ser encontrada em filhotes e animais
imunossuprimidos, as infec¢des por B. vogeli sdo, frequentemente, leves ou subclinicas em
comparacdo com outras espécies de Babesia e os sinais clinicos incluem febre, letargia,

anorexia, ictericia (Solano-Gallego et al., 2008). Vale ressaltar que outros fatores, como a idade
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e 0 estado imunolégico do hospedeiro e infecgdes ou doencas concomitantes, também
desempenham um papel importante na patogénese da doenga.

A transmissao vetorial de B. vogeli pelo carrapato R. sanguineus s.l. € bem elucidada
pela literatura (Regendanz e Muniz, 1936; Irwin, 2009; Solano-Gallego et al., 2011).
Paralelamente a isso, outras vias de veiculagdo devem ser levadas em conta, como por exemplo,
a transfusdo sanguinea e a transmissdo transplacentéria, esta Gltima ja descrita para outras
espécies de Babesia, mas ndo para essa (Correa, 1974; Fukumoto et al., 2005).

O diagnéstico para B. vogeli inclui métodos diretos, moleculares e sorolégicos. A
deteccdo do parasito em esfregacos sanguineos apresenta alta especificidade, porém a
sensibilidade esta restrita a casos de moderada ou elevada parasitemia, além de depender da
qualidade da coleta e coloracdo das laminas (Solano-Gallego et al., 2011).

Para as espécies de Babesia com tropismo visceral, como B. vogeli, recomenda-se a
preparacdo de esfregacos utilizando sangue capilar, da ponta da orelha ou da cauda, onde a
concentracdo parasitaria tende a ser mais elevada (Bohm et al., 2006). O diagnostico molecular
é amplamente indicado pela sua elevada sensibilidade e especificidade (Birkenheuer et al.,
2003). Ja& os métodos soroldgicos, como a Reacdo de Imunofluorescéncia Indireta — RIFI,
embora Uteis como ferramenta complementar, podem apresentar reacfes cruzadas com outras
espécies de Babesia, comprometendo a acuracia dos resultados (Vercammen et al., 1995).
Tecnologias emergentes, como sequenciamento de nova geracdo, abordagens Omicas,
microfluidica, CRISPR, espectrometria de massa e inteligéncia artificial, estdo revolucionando
0 diagnostico da babesiose ao permitir deteccdo rapida, sensivel e multipatdgeno, melhor
caracterizacdo da patogénese e maior eficiéncia na vigilancia epidemioldgica e no manejo
clinico (Jia et al., 2025).

O tratamento da infec¢cdo por B.vogeli consiste na aplicacdo subcutéanea de dipropionato
de imidocarb, na dose de 5, 7,5 mg/kg, com repeticdo apos 14 dias, € as estratégias de controle
concentram-se, principalmente, na reducdo da infestacdo pelo carrapato vetor, por meio da
aplicacdo de produtos formulados com diversas substancias, como permetrina, amitraz, fipronil,
imidaclopride, fluralaner, entre outras (Otranto et al., 2010). Outra estratégia fundamental de
controle consiste no rastreamento regular dos cdes doadores de sangue, medida recomendada

para prevenir a transmissao transfusional (Wardrop et al., 2005).

3.2.4 Hepatozoon canis

Igualmente pertencente ao filo Apicomplexa, o agente, intraleucocitario, Hepatozoon

canis (Hepatozoidae: Hepatozoon), é o protozoario responsavel pela hepatozoonose canina
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(Irwin, 2002). A espécie ja foi descrita parasitando roedores, outros carnivoros, como o gato, o
chacal e a hiena e cachorro do mato (Soulsby, 1982; Alencar et al., 1997), mas ndo humanos.
Relatada na Africa, Asia, Europa e América do Norte e do Sul (Baneth et al., 2003), essa € a
Unica espécie dentro do género Hepatozoon descrita parasitando cées no Brasil (Rubini et al.,
2005; Paludo et al., 2005).

A prevaléncia de infeccdo canina por esse protozoario variou entre diferentes regides
do Brasil, com o menor indice registrado em S&o Paulo (5,9%) por meio da PCR como método
diagndstico, e 0 maior no Rio de Janeiro, onde foi observado um percentual de 39,2% utilizando
técnica de diagndstico direto (O'Dwyer et al., 2001; O'Dwyer et al., 2004).

Responsavel pela hepatozoonose canina, esse agente costuma provocar uma forma mais
branda da doenca, que acomete principalmente o baco, os linfonodos e a medula 6ssea, levando
ao desenvolvimento de anemia e episodios de letargia (Baneth & Weigler, 1997).

O principal vetor da doenca no Brasil, sdo os carrapatos R. sanguineus s.l e Amblyomma
ovale, e a transmissdo para vertebrados ocorre atraves da ingestdo desse hospedeiro,
invertebrado, infectado (Smith, 1996; Baneth et al., 2001). A infeccdo por H. canis €
frequentemente diagnosticada por meio da analise de esfregaco sanguineo e a PCR para o
agente tem se demonstrado uma técnica de diagndéstico sensivel (Criado-fornelio et al., 2003).
Os testes sorologicos podem ser ferramentas Uteis, porém sua utilizacdo no Brasil € limitada,
pois 0s antigenos empregados nesses metodos séo provenientes de cdes com niveis elevados de
parasitemia, uma condigdo rara na populacao canina brasileira (O’Dwyer, 2011).

O tratamento principal da hepatozoonose canina por H. canis consiste na aplicacéo
subcutanea de dipropionato de imidocarb, na dose de 6-6,6 mg/kg, com repeti¢do apos 14 dias
para melhor eficicia (O’Dwyer,2011). As estratégias de controle visam a diminui¢do da

infestacdo pelo vetor.

3.2.5 Leishmania infantum

Leishmania infantum (Kinetoplastida: Trypanosomatidae), € um protozoario
intracelular de células fagociticas do sistema mononuclear, responsavel pela leishmaniose
visceral (LV) e leishmaniose visceral canina (LVC) na América do Sul, no Mediterraneo, na
Europa e na Asia Ocidental e Central (Serafim et al., 2020). Esse protozoario é capaz de
parasitar uma ampla diversidade de mamiferos selvagens e domésticos pelo mundo
(Tsakmakidis et al.,2024), e foi introduzido nas Américas durante a colonizagdo europeia,

estando presente de forma endémica em praticamente todas as regides do Brasil, com exce¢do
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da regido Sul, onde os casos sdo raramente identificados (Chagas et al., 1938; de Freitas
Milagres et al., 2023).

A prevaléncia da doenga no pais é variavel, chegando a 67%, sorologicamente
relatados, em areas endémicas (Silva et al., 1997). Os hospedeiros primarios sdo humanos e
canideos, sendo os cdes domésticos os principais reservatorios do parasito (Serafim et al.,
2020). A leishmaniose visceral em Belo Horizonte apresenta elevada relevancia epidemioldgica
por exemplificar o processo de urbanizagdo de uma zoonose historicamente associada ao
ambiente rural. Evidéncias indicam que a epidemia canina precedeu temporal e espacialmente
0s casos humanos, reforcando o papel dos cdes como importantes sentinelas epidemiolégicas e
reservatorios na dindmica de transmisséo (Bevilacqua et al.,2001).

De acordo com Dantas-Torres (2008), o principal vetor de L. infantum no Brasil é 0
flebotomineo L. longipalpis (Diptera: Psychodidae) e a transmissdo se da através do repasto
sanguineo das fémeas infectadas. No entanto, as vias transfusional e transplacentaria também
ja foram descritas e merecem atencdo especial (da Silva et al., 2009; Monteiro et al., 2016),
sobretudo em regifes onde a presenca do vetor é limitada ou ausente. Em humanos, a doenca
também chamada de calazar, é frequentemente letal quando nao € feito tratamento adequado.
Apresenta-se com febre intermitente, emagrecimento, aumento do bacgo, do figado e/ou dos
linfonodos, aléem de anemia (Desjeux, 2004). Em cdes a Leishmaniose Visceral Canina (LVC)
é uma enfermidade sistémica de apresentacdo clinica inespecifica, capaz de acometer diversos
orgdos e tecidos. Entre os sinais mais caracteristicos destacam-se lesdes cutaneas,
linfadenomegalia generalizada, perda de peso progressiva, atrofia muscular, letargia, anorexia,
esplenomegalia, poliuria, polidipsia, manifestacGes oculares, epistaxe, crescimento exagerado
das unhas, claudicacdo, vomitos e artrite (Baneth et al., 2008).

Os métodos diagnosticos, mais usuais, incluem a deteccao de amastigotas em esfregacos
corados de sangue total em EDTA, aspirados de lesdes cutaneas, linfonodos, medula dssea e
baco, analise molecular de swab oftalmico e de lesdes de pele, além de identificacdo de
anticorpos séricos especificos contra Leishmania por diferentes métodos soroldgicos,
combinacdes de técnicas diretas e indiretas e comprovacdo da presenca do DNA parasitario por
meio de técnicas moleculares (Paltrinieri et al.,2010; Mehrotra et al.,2025).

No Brasil o principal tratamento utilizado para LVC consiste na combinacdo de
miltefosina com alopurinol como (Miré et al., 2018). E a prevencéo eficaz contra picadas de
flebotomineos envolve eliminar ambientes favoraveis aos flebotomineos ao redor das
residéncias, aplicar inseticidas no ambiente e utilizar produtos topicos com eficacia comprovada

contra esses insetos (Marcondes & Rossi, 2013).
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Considerando a diversidade de hemopatdgenos de importancia clinica e epidemioldgica
em cdes, a literatura descreve diferencas relevantes entre agentes quanto a via classica de
transmisséo, ao perfil clinico e ao nivel de evidéncia disponivel para transmissdo vertical. Em
termos de Satde Unica, essa heterogeneidade é particularmente importante na interpretacéo de
infeccOes em cadelas gestantes e neonatos, uma vez que a manutencao de agentes infecciosos
pode ocorrer por mecanismos distintos daqueles tradicionalmente atribuidos & transmissdo
vetorial. Assim, o Quadro 1 sistematiza 0s principais agentes investigados nesta dissertacao,
sintetizando sua relevancia em medicina veterinaria, a plausibilidade de transmissdo vertical e
a implicacdo analitica de cada um para a interpretacdo dos achados moleculares e

hematoldgicos.
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Quadro 1 - Comparacédo dos hemopatégenos caninos investigados quanto a via de transmissao, relevancia clinica e evidéncia de transmissdo vertical

Agente

Classificagédo
bioldgica

Via classica de
transmissao / vetor
principal

Relevancia clinica em
cdes (sintese)

Evidéncia de transmissao
vertical em cdes

Forca da evidéncia
para via vertical*

Implicagdo para a presente
dissertagéo

Ehrlichia canis

Anaplasma platys

Anaplasma
phagocytophilum

Babesia vogeli

Hepatozoon spp.

Hemoplasmas
(Mycoplasma
hemotrGpicos)

Leishmania infantum

(Anaplasmataceae)

(Anaplasmataceae)

(Anaplasmataceae)

Protozoéario
intraeritrocitario

Protozoario
(Apicomplexa)

Bactérias
hemotrépicas

Protozoario
(Trypanosomatidae)

Bactéria intracelular

Bactéria intracelular

Bactéria intracelular

Vetorial por Rhipicephalus
sanguineus s.1.

Vetorial, associada
principalmente a R.
sanguineus s.1.

Vetorial por carrapatos do
complexo Ixodes
(dependente da regido)

Vetorial por R. sanguineus
s.l.

Ingestéo de carrapato
infectado (via principal)

Vetorial e ndo vetorial
(possibilidade iatrogénica;
vertical em investigacéo)

Vetorial por flebotomineos
(via classica)

Trombocitopenia,

anemia e manifestacGes

sistémicas com curso
agudo ou crénico

Trombocitopenia ciclica
e alteracOes
hematolGgicas variaveis
Sinais sistémicos
inespecificos e
alteracdes
hematologicas

Anemia hemolitica,
letargia e gravidade
variavel

Febre, alteracdes
musculares e
hematol6gicas

Anemia regenerativa,
sobretudo em
coinfecgbes/
imunossupressao

Doenga multissistémica
(relevancia veterinaria e

em Saude Unica)

Detecc¢des moleculares em
amostras maternas e neonatais em
estudos observacionais

Evidéncia molecular sugestiva,
porém heterogénea entre
desenhos e amostras

Evidéncia vertical em cdes ainda
escassa e inconsistente

Ha relatos e achados moleculares
compativeis com transmissdo
vertical em contextos especificos

Evidéncia de via vertical em cées
é limitada

Evidéncias moleculares de
transmissdo vertical descritas,
com variacdo metodoldgica

Literatura descreve transmissao
vertical em cées, com variacdo no

grau de demonstracéo direta

Moderada

Baixa a moderada

Baixa

Moderada

Baixa

Moderada

Moderada

Sustenta investigacdo em
sangue materno, placenta,
natimortos e neonatos, com
interpretacéo inferencial
prudente

Relevante para avaliacdo de
coinfeccoes e alteracoes
hematol6gicas maternas

Resultado nédo detectado deve
ser discutido como auséncia
de deteccdo na populagéo
estudada
Alta relevancia para
discussao perinatal e
manutencdo do agente sem
vetor

Negatividade molecular deve
considerar a particularidade
bioldgica da transmisséo
cléssica

Fundamenta analise integrada
com achados hematoldgicos
gestacionais

Importante para vigilancia
reprodutiva e discusséo de

manutengao enzodtica

Fonte: Autora (2026). (*) Forga da evidéncia para via vertical em cées: Baixa = evidéncia pontual/indireta, com pouca consisténcia entre estudos; Moderada = recorréncia de achados moleculares,
porém com limitacOes de delineamento para inferéncia causal definitiva; Alta = consisténcia robusta entre estudos, temporalidade rigorosa e exclusdo sistematica de rotas alternativas
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3.3 Composicao placentéria e aspectos fisioldgicos da gestacdo e da imunidade
3.3.1 Placenta Canina

A placenta exerce papel central como estrutura de ligagdo entre a mée e o embrido/feto
em desenvolvimento. Durante a gestacdo, ela é responsavel por diversas fungdes essenciais,
como a fixagdo do concepto ao endométrio, a modulacdo da resposta imunoldgica materna, a
realizacdo das trocas metabdlicas, a producao de hormonios e o estabelecimento de uma barreira
protetora frente a xenobidticos e agentes infecciosos (Liempi et al.,2020).

A placenta canina € classificada como endoteliocorial zonéria. Sua estrutura inclui uma
faixa em forma de cintur&o ao redor do feto (zona do labirinto), hematomas marginais € 0 &mnio
(Kowalewski et al., 2021). Esse tipo de placenta apresenta um grau moderado de invasdo nos
tecidos maternos, pois o trofoblasto se estende apenas até o endotélio dos vasos maternos, sem
comprometer diretamente os capilares nem invadir profundamente as células deciduais
(Anderson, 1969), uma invasdo controlada do tecido fetal, suficiente para permitir trocas
materno-fetais eficientes, mas sem a destruicdo ampla dos tecidos uterinos maternos.

A proximidade na interface materno-fetal favorece a troca de nutrientes e permite a
fagocitose de glébulos vermelhos maternos (eritrofagocitose) pelas células trofoblasticas;
particularmente nas areas hematofagas da placenta, um exemplo desses mecanismos € a
captacdo de ferro na zona hematdéfaga marginal desse tipo de placenta (Oliveira et al., 2012).
Esse processo de fagocitose de células maternas pelos trofoblastos fetais tem sido apontado
como uma possivel via de transmissdo transplacentaria de patogenos (Latrofa et al., 2016).
3.3.2 Imunotoleréncia Celular

Durante a gestacdo, o sistema imunoldgico da cadela passa por adaptacoes para evitar a
rejeicdo do feto, que ¢é parcialmente “estranho” ao organismo materno, a0 mesmo tempo em
que mantém a defesa contra infec¢bes. O inicio da gestacdo é marcado por um aumento de
sinais pro-inflamatorios moderados no Utero, facilitando a implantacdo do embrido (Tavares
Pereira et al., 2021). Durante a fase de implantacdo (Figura 1) e invasdo inicial do trofoblasto,
observa-se um aumento no recrutamento de macrofagos e células Natural Killer’- NK uterinas
(Brown et al., 2014), que atuam comopere reguladoras centrais do processo, mediando a
profundidade da invasdo, a angiogénese e o reparo tecidual. Essa ativa remodelacdo endometrial
é essencial para estabelecer a imunotoleréncia e prevenir a rejei¢cdo do conceito.

A presenca de células T reguladoras indica uma supressdo das respostas imunes ao
embrido invasor. A placenta funciona como primeira barreira, separando 0s sistemas sanguineo

e linfatico de mae e feto, impedindo o movimento de células do sistema imune para dentro e
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para fora dos tecidos. Apds a implantacéo, ocorre uma modulagdo na expressdo das moléculas
do complexo de histocompatibilidade principal de classe I (MHC-I), essenciais para o
reconhecimento imunoldgico. Nesse estagio, observa-se uma reducdo na atividade de linfocitos
T citotoxicos locais, 0 que indica um estado de imunossupressdo seletiva em resposta a invasao
embrionaria (Hori et al., 2003). Adicionalmente, o suporte hormonal, mediado principalmente
pela progesterona e pelo estradiol, desempenha um papel fundamental na manutencdo da
gestacdo promovendo imunotolerdncia e potencializando a vascularizagdo uterina e a
sensibilidade dos receptores hormonais, garantindo coletivamente o ambiente necessario para
a viabilidade fetal.
3.3.3 Modulagdo Hormonal

A progesterona regula a resposta imune materna, induzindo o predominio de citocinas
Th2 e a producdo de PIBF (fator de bloqueio induzido por progesterona), que reduzem a
atividade citotoxica das células NK e favorecem a tolerdncia ao feto. Além disso, esses
horménios estimulam o desenvolvimento uterino, a implantacdo trofoblastica e a formacéo
placentaria (Feliciano et al., 2012). Junto com citocinas e células regulatorias, criam um
ambiente imunoldgico controlado que permite o desenvolvimento gestacional e previne rejeicao
imunologica ao feto. A Figura 1 retrata e resume de maneira ilustrativa essa regulacao inicial

por meio de células e citocinas.
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de marcadores especificos durante os estagios iniciais da gestacao canina.

a0

Figura 1. Avaliac
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Embora os cdes apresentem uma placenta endoteliocorial com formacdo de decidua
(Tavares Pereira et al., 2021), os mecanismos imunoldgicos envolvidos na gestacdo ainda ndo
estdo plenamente esclarecidos nessa espécie, e a composicdo do sistema imunoldgico
placentario permanece pouco estudada. As particularidades do processo de decidualizacdo
canina também limitam a aplicacdo direta de conhecimentos obtidos em outras espécies para
essa. Rueda et al. (2024), enfatiza que o estado de imunossupressdo celular durante a gestacéo,
pode tornar a cadela mais vulneravel a infeccdes e neoplasias que dependem da imunidade
celular para defesa.

Embora pequenas quantidades de imunoglobulinas (principalmente 1gG) possam
atravessar a placenta em caes, essa transferéncia transplacentaria € restrita em razdo do tipo
placentario endoteliocorial, que imp&e barreira parcial a passagem de macromoléculas. Assim,
a principal via de aquisicdo de imunidade passiva na espécie ocorre por meio da absorgao
enteral de imunoglobulinas presentes no colostro, durante a chamada janela de permeabilidade
intestinal neonatal, que se estende aproximadamente pelas primeiras 24 a 48 horas p0s-parto.
Nesse periodo, 0s enterOcitos imaturos permitem a internalizacdo ndo seletiva de
imunoglobulinas intactas; ap6s o “fechamento intestinal”, essa capacidade ¢ drasticamente

reduzida (Chastant e Mila, 2019).

Esse aspecto fisiologico € crucial para a interpretacdo da positividade soroldgica em
neonatos, uma vez que a deteccdo de anticorpos nas primeiras semanas de vida pode refletir
transferéncia passiva colostral, e ndo infec¢do congénita. Portanto, a consideracao da janela de
permeabilidade intestinal e do momento da coleta é fundamental para distinguir transmissdo
pré-natal (transplacentaria) de exposicdo ou aquisicdo pds-natal, permitindo inferéncias mais

acuradas sobre a temporalidade da infec¢éo.

3.4 Transmissao ndo vetorial de agentes patogénicos

Os primeiros relatos de infec¢cdes congénitas em mamiferos surgiram por volta dos anos
1800, quando foram documentados casos de varicela transmitida de mée para filho em humanos
(Laforet e Lynch, 1947). A transmissdo vertical de patdgenos corresponde ao processo pelo
qual o agente infeccioso é transferido da fémea gestante para seus descendentes, seja durante o
desenvolvimento intrauterino por via transplacentaria, no canal do parto ou apds o nascimento,
durante o periodo de amamentacéo (Jasik et al., 2015).

3.4.1 Transmissdo via copula
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Na Medicina Veterinaria, a transmissdo via copula de patdgenos transmitidos por
vetores (VBPs) tem sido relatada em cées e diversas outras espéecies (Metcalf et al., 2001; Ruiz-
Fons et al., 2014; Valle et al., 2022).

Silva et al. 2009, confirmaram a ocorréncia de transmissdo venérea de Leishmania
spp. em seis cadelas previamente livres do protozoério, que adquiriram a infec¢do apds a copula
com machos positivos, os quais eliminaram o agente no sémen. No estudo, os autores
asseguraram a auséncia do vetor bioldgico, reforcando que a infec¢do ocorreu exclusivamente
por via sexual.

3.4.2 Transmissdo Lactogénica

A transmissdo vertical por meio do aleitamento também tem sido objeto de investigacao.
Lombardi et al. (2025) identificaram 22,12% de positividade para hemopatdgenos no colostro
de vacas naturalmente infectadas em Minas Gerais, Brasil. No entanto, os autores alertam que
a deteccdo de DNA ndo comprova, necessariamente, a viabilidade dos agentes ou sua
capacidade de infectar os bezerros. Relatos semelhantes ja foram descritos para Trypanosoma
vivax em cabras e Anaplasmas pp. em pequenos ruminantes (Zhang et al., 2016; Bezerra et al.,
2023). Em caes, ja foram comprovados casos de infec¢do lactogénica por Toxocara canis e
Ancylostoma caninum; entretanto, ndo ha registros de transmissdo comprovada por
hemopatdgenos por essa via em canideos, embora exista a possibilidade de L. infantum ser
excretada no leite materno (Burke et al., 1985; Ribeiro et al., 2022).

3.4.3 Transmissdo transplacentaria (intrauterina)

Paralelamente, a transmissdo vertical de hemopatogenos por via placentaria tem
recebido crescente atencdo, com relatos cada vez mais frequentes de infeccdes congénitas em
varias espécies, incluindo ovinos, bovinos, animais silvestres e caes (Chisu et al., 2021;
Andrade et al., 2024; Millan et al., 2024; Pereira et al.,2025). Os mecanismos envolvidos na
transmissdo transplacentaria de hemopatogenos ainda ndo estdo plenamente definidos e
requerem investigacOes adicionais. No entanto, Jasik et al. (2015) destacam a relevancia dessa
via na epidemiologia dessas doencas, ressaltando seu papel na disseminacdo de agentes
patogénicos entre geracdes, mesmo na auséncia do hospedeiro definitivo.

Nesse contexto, o delineamento metodoldgico desta dissertacdo foi estruturado para
produzir evidéncias moleculares consistentes de transmissdo vertical por meio da analise
complementar de diferentes matrizes bioldgicas. A avaliacdo da placenta permite investigar
diretamente a interface materno-fetal e a possivel ocorréncia de infec¢do transplacentéria. A
analise de pools de 6rgédos de natimortos possibilita inferir disseminacédo sistémica intrauterina,

reforcando a hipdtese de infeccdo estabelecida ainda durante a gestacdo. Por sua vez, a escolha
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do sangue total de neonatos com até cinco dias de vida fundamenta-se na busca por detecgédo
molecular em periodo anterior ao intervalo de incubacdo conhecido para os hemopatdgenos
investigados, reduzindo a probabilidade de que a positividade decorra de infecgdo adquirida
pos-natalmente. Dessa forma, a estratégia amostral adotada fortalece a inferéncia temporal e
bioldgica da via vertical como mecanismo plausivel de infeccéo.

3.5 AlteracGes hematol6gicas em cadelas gestantes

O tempo de gestacdo em cadelas pode oscilar entre 57 e 72 dias, abrangendo o periodo
desde a primeira copula até o momento do parto. Esse tempo pode variar de acordo com fatores
como racga e tamanho da ninhada (Concannon et al., 1986; Johnson, 2008). Anormalidades nos
parametros hematoldgicos de cadelas durante a gestacdo podem predispor a distlrbios
fisiologicos e metabolicos, como anemia, hipertensdo, parto prematuro e baixo peso ao nascer
(Kockaya, 2019). Por esse motivo, 0 monitoramento desses parametros ao longo da gravidez é
fundamental para assegurar uma gestacdo saudavel e favorecer o adequado desenvolvimento
fetal.

Kockaya (2019), relatou variacdes hematologicas relevantes em cadelas gestantes e nao
gestantes da mesma raca. Os valores de hemoglobina (HGB), Hemoglobina Corpuscular Média
(MCH) e Concentracdo de Hemoglobina Corpuscular Média (MCHC) apresentaram reducdes
significativas em fémeas da raca Pastor Kangal durante a gestacéo, sendo esse achado atribuido
pelo autor ao aumento do volume plasmatico e a reducédo dos niveis de hemoglobina decorrente
de deficiéncia de ferro. Estudos em humanos também observaram diminuicdo das
concentracOes sericas de ferro em cadelas prenhes, sugerindo que essa alteracdo estaria
relacionada ao uso das reservas corporais do mineral para o desenvolvimento fetal e a
manutencdo da placenta (Milman et al., 2000). No estudo citado, os niveis de ferro nas cadelas
gestantes foram discretamente inferiores aos observados nas ndo gestantes. Entretanto, como
limitacdo, o estudo ndo mencionou qualquer investigacdo sobre a presenca de possiveis agentes
patogénicos, incluindo hemopatdgenos, nas cadelas avaliadas.

De Cramer et al., (2016), analisaram 324 cadelas saudaveis no periodo pré-parto e
obtiveram uma média de hematdcrito de 44,2%. Desta forma, entende-se que cadelas gestantes
com valores abaixo da faixa de referéncia devem ser investigadas quanto a presenca de doencas
concomitantes potencialmente associadas ao desenvolvimento de anemia. Além disso, outros
estudos recomendam que o hematdcrito se mantenha dentro dos valores de referéncia, e que
qualquer grau de anemia em cadelas prenhes deve ser criteriosamente avaliado para a detecgédo
de possiveis doencas subjacentes (Dimgo et al., 2013). Portanto, compreender a patogénese e

as implicacOes dessas infeccOes durante a gestacdo podem auxiliar na implementacdo de
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medidas preventivas e no diagndstico precoce de possiveis doengas nesses animais. Dessa
forma, a avaliacdo hematoldgica deve ser interpretada como componente complementar ao
diagndstico molecular, contribuindo para a compreenséo clinica materna no periodo gestacional

e periparto.

4. MATERIAL E METODOS

Trata-se de um estudo observacional prospectivo, conduzido entre marco e dezembro
de 2024, com acompanhamento de cadelas gestantes naturalmente expostas e avaliagdo de
amostras maternas, placentérias e neonatais para investigacdo de evidéncias moleculares de
transmisséo vertical de hemopatogenos.

Todos os procedimentos foram aprovados pelo Comité de Etica no Uso de Animais da
Universidade Federal de Minas Gerais (UFMG), sob o protocolo 206/2024.

4.1 Area de estudo, coleta de amostras e laudos.

As amostras utilizadas neste estudo foram coletadas de cadelas gestantes atendidas em
um hospital veterinario localizado na regido da Pampulha em Belo Horizonte, Minas Gerais,
Brasil (Figura 2). Foram incluidas no estudo fémeas submetidas a acompanhamento clinico
e/ou ultrassonografico no periodo periparto e que, posteriormente, foram encaminhadas a
realizacdo de cesariana no centro cirargico da propria instituicdo. Nao houve restricdo quanto a
raca ou a idade dos animais. Foram excluidos aqueles submetidos a parto eutdcico (via vaginal),
bem como 0s que ndo apresentavam exames laboratoriais e avaliacdo pré-anestesica
devidamente registrados. A cesariana constitui um procedimento de rotina na instituicdo, sendo
frequentemente indicada em funcéo de predisposi¢Ges raciais, ocorréncia de distocia, historico
reprodutivo desfavoravel ou como medida preventiva para reducdo de riscos materno-fetais. O
hospital veterinario é referéncia no atendimento de fémeas gestantes, dispondo de uma ala de
maternidade especificamente estruturada para o acompanhamento pré-natal, monitoramento

periparto (Figura 3 — A, B, C) e assisténcia neonatal (Figura 4 — A, B).
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Figura 2: Descri¢do dos materiais coletados no estudo.
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Todos os animais encontravam-se clinicamente estaveis, sem historico recente de
comorbidades ou alteracdes que contraindicassem o procedimento cirurgico. As coletas foram
realizadas entre marco e dezembro de 2024. Mediante a obtencdo do consentimento informado
dos proprietarios (Anexo 1), 51 cadelas prenhes, de diferentes idades e racas, foram incluidas
neste estudo. A coleta de sangue foi realizada no periodo pré-parto por puncao da veia jugular,
utilizando tubos a vacuo estéreis contendo EDTA e tubos sem anticoagulante. As analises
hematoldgicas foram conduzidas em laboratorio interno do hospital, imediatamente apds a
coleta, incluindo hemograma completo, com determinacdo da contagem total de eritrocitos,
hemoglobina, hematdcrito, indices eritrocitarios (VCM, HCM e CHCM), contagem total e
diferencial de leucocitos e contagem de plaquetas.

Para fins de diagnostico molecular, foram coletadas 40 amostras de sangue total de
neonatos vivos de até cinco dias de vida, por puncdo na ponta da orelha com lancetas
descartaveis. O sangue foi depositado em papel filtro especifico, com um ou mais cartdes por
filhote, e posteriormente acondicionado em microtubos tipo Eppendorf e individualmente
identificados com 0 nome da mée e a numeragdo correspondente a coleta.

Durante as cesarianas, 51 placentas e 22 filhotes natimortos foram individualmente
acondicionados em sacos plasticos, devidamente identificados com o nome da cadela e a data
da coleta, e armazenadas a —20 °C.

Posteriormente, essas amostras foram transportadas em caixa térmica ao Laboratdrio de

Protozoologia Veterinaria da Universidade Federal de Minas Gerais - Protovet, onde
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permaneceram sob as mesmas condi¢des de temperatura até o processamento laboratorial.

il
“‘3! "1 “‘
| ‘Wl Y ”ﬁ.& i\

Figura 3: Hospital veterinario onde ocorreram a coleta das amostras: (A) Cadela prenhe sendo avaliada
por ultrassonografia; (B) Ambiente cirtrgico equipado para procedimento de cesariana; (C) Realizacdo

de cesariana com suporte neonatal imediato.
As coletas de 6rgaos de natimortos e armazenamento de amostras foram realizadas no

laboratdrio Protovet (Figura 4 — C, D, E). Para cada filhote, com o uso exclusivo de bisturi, par
de luvas estéreis e superficie laminada individual, foi obtido um pool de tecidos (figado e baco),
armazenado em tubos do tipo Falcon estéreis de 15 mL. Da mesma forma, segmentos das
placentas, principalmente zona hemato6faga, foram coletados separadamente para cada cadela,
também sob condigdes estéreis. Todas as amostras foram devidamente armazenadas a —20 °C

até o momento da extracdo do material genético.




37

Figura 4: (A e B) Ala de maternidade do hospital veterinario onde, apds a realizacdo das cesarianas, as

maes e seus filhotes permaneciam em observacdo. O ambiente era monitorado, limpo e equipado com
incubadoras para suporte neonatal, apresentando condi¢des desfavoraveis a presenca de ectoparasitos.
(C) Tubos tipo Falcon utilizados para acondicionar fragmentos placentarios armazenados apds a
segregacdo realizada no laboratério Protovet. (D) Filhote natimorto aguardando o processo de
descongelamento para posterior segregacao do pool de 6rgéos. (E) Papel filtro impregnado com sangue

de neonato vivo, obtido por punc¢do auricular, de acordo com Samsonova et al. (2022).

4.2 Analises Estatisticas

O N amostral foi indicado pela proporcéo estimada de amostras positivas para cada
agente (valores entre 0 e 100 %), de acordo com metodologia baseada na distribuicdo binomial.
O universo da populacdo amostrada foi de 51 individuos adultos, de forma que a estimativa
considerou a populacdo de tamanho infinito, utilizando-se a férmula abaixo.

n=(Z_(a2)"2*P*(1-P)/d"2

Em que: n é o nimero amostral minimo estimado; Z (a/2) é o quartil superior da
distribuicdo Normal Padrdo que deixa uma probabilidade igual a 0/2 na cauda direita; P ¢ o
nivel de significancia, onde para um valor de P = 0.05, o valor de Z (0/2) é igual a 1,96, ¢ P é
0 valor pré-definido da proporcdo esperada; d é uma estimativa do erro maximo assumido,
sendo que para um erro igual a d, o intervalo de confianga teve tamanho de 2d. Valores
pequenos de d indicam alta precisdo (intervalo de confianca estreito) e, portanto, elevado
namero amostral.

A analise descritiva dos dados relacionados a pesquisa de hemopat6genos em amostras
de sangue, placenta, pools de 6rgdos e sangue dos neonatos foi realizada em Excel® (versio
2019), e foi representada por percentual de animais positivos e negativos para todos os agentes

pesquisados e percentual de coinfecces.
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4.3 Anélises Laboratoriais

Todas as analises moleculares foram conduzidas no laboratério de Protozoologia
Veterinéria - Protovet, EV-UFMG (Figura 5).

Figura 5: Desenho esquematico das analises laboratoriais envolvidas na metodologia da pesquisa. (A)
Coletas realizadas em Belo Horizonte, Minas Gerais, Brasil; (B) Amostra para pesquisa direta, em
esfregaco de hemoparasitos; (C) Materiais para pesquisa, de hemopatégenos, por analise molecular; (D)
Termociclador e Cuba de eletroforese para realizagdo da metodologia molecular; (E) Sequenciamento

genético dos resultados moleculares; (F) Analise filogenética do sequenciamento.

B E

_ Sequencing

ék s Phylogeny

Fonte: elaborado pelo autor (2026).

4.3.1 Andlise hematologica

Resultados dos exames hematoldgicos, preé cirdrgicos, das cadelas foram obtidos a partir
de amostras de sangue total colhidos, no pré-parto, em EDTA. As analises foram executadas,
em até 30 minutos apos a coleta, no analisador automatico IDEXX ProCyte One e a leitura foi
confirmada de acordo com os valores de referéncia adotados e descritos por Jain (1993).
Amostras de sangue fresco acondicionadas em tubo contendo EDTA como anticoagulante
foram utilizadas para exame parasitologico por meio de esfregacos sanguineos submetidos e

amostras coaguladas e hemolisadas ndo foram incluidas no estudo.
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4.3.2 Esfregaco sanguineo

Apos coloracdo com Pandtico Rapido®, as laminas foram analisadas em microscépio
optico Nikon Eclipse Ei (Nikon Corporation, Téquio, Japao), sob aumento de 1000x (objetiva
de 100x com uso de Gleo de imersdo). Como critério operacional de leitura, foram avaliados,
no minimo, 50 campos microscopicos por lamina, distribuidos desde a regido da franja até o
corpo médio do esfregaco, priorizando areas com adequada monocamada celular e evitando
regides de sobreposicdo. Considerou-se resultado positivo a visualizacdo inequivoca de
estruturas compativeis morfologicamente com hemopatdgenos aderidas ou associadas as
hemécias, em pelo menos um campo analisado.

A leitura foi realizada de forma independente por dois avaliadores, sendo o segundo
observador cego quanto aos dados clinicos e aos resultados moleculares, com o objetivo de
reduzir viés observacional. Nos casos classificados como inconclusivos, seja por artefatos,
baixa qualidade do esfregaco ou duvida morfoldgica, foi realizada nova leitura da lamina por

um terceiro observador.

4.3.3 Extracdo de DNA - amostras de sangue total em EDTA das cadelas

As amostras foram descongeladas a temperatura ambiente (25 °C). A extracdo de DNA
a partir de sangue total em EDTA foi realizada utilizando o kit Wizard® Genomic DNA
Purification Kit (Promega, Sao Paulo, Brasil), conforme as recomendag6es do fabricante para
300 pL de sangue total como input por amostra.

O DNA extraido foi eluido em solucéo nuclease-free fornecida pelo kit e armazenado a
—20 °C até a realizagdo das analises moleculares. A concentracdo e a pureza do DNA foram
avaliadas por espectrofotometria, considerando-se aceitdveis amostras com concentracdo
minima de 10 ng/uL e maxima 80ng/ UL e razdo A260/A280 entre 1,8 e 2,0. Amostras fora

desses parametros foram submetidas a nova extracéo antes da incluséo nas reacdes de PCR.

4.3.4 Extracdo de DNA - amostras de placentas e pools de 6rgaos

As amostras foram descongeladas a temperatura ambiente (25 °C). Para cada extracao,
foram utilizados aproximadamente 25 mg de tecido (placenta ou pool de 6rgaos). O DNA foi
extraido utilizando o Wizard® Genomic DNA Purification Kit (Promega, Sdo Paulo, Brasil),
seguindo as recomendac@es do fabricante para tecidos animais.

O DNA foi eluido em solugdo nuclease-free e armazenado a —20 °C. A concentragdo e
a pureza foram determinadas por espectrofotometria, adotando-se como critérios de inclusao

nas reagdes de PCR concentracdo minima de 10 ng/uL e maxima 80ng/ uL e razdo A260/A280
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entre 1,8 e 2,0. Amostras que ndo atenderam aos critérios foram reprocessadas.

4.3.5 Extracao de DNA das amostras de sangue em papel filtro

Para cada extragdo, foi utilizado um fragmento padronizado do papel-filtro contendo
aproximadamente 6 mm de didmetro da &rea impregnada com sangue. O DNA foi extraido
utilizando o Wizard® Genomic DNA Purification Kit (Promega, S&o Paulo, Brasil), seguindo
0 protocolo recomendado para tecidos animais, com modificagdes.

Durante a etapa de lise em solu¢do Nuclei Lysis, foi realizada trituracdo mecénica do
fragmento, com adicdo de 2 pL de proteinase K (Tritirachium album; Ludwig Biotecnologia),
livre de DNase, RNase e exonucleases detectaveis, com atividade >30 U/mg, mantendo
incubagdo a temperatura ambiente. Apds essa etapa, o0 protocolo foi conduzido conforme as
instrucdes do fabricante. Em virtude do pequeno volume de amostra, todos os reagentes foram
utilizados em metade do volume recomendado.

O DNA foi eluido em solugdo nuclease-free e armazenado a —20 °C até analise. A
concentracdo e a pureza foram avaliadas por espectrofotometria, adotando-se como critérios de
inclusdo nas reacBes de PCR concentracdo minima de 10 ng/pL e maxima 80ng/ uL e razédo
A260/A280 entre 1,8 e 2,0. Amostras que ndo atenderam aos critérios estabelecidos foram

submetidas a nova extracao.

4.3.6 Controle de qualidade do DNA extraido

A qualidade do DNA recuperado foi avaliada por espectrofotometria (Thermo Fisher
S120 NanoDrop™ Micro UV, Massachusetts, EUA), considerando-se a concentracao (ng/uL)
e a pureza determinada pela razdo de absorbancia A260/A280. Foram consideradas adequadas
para as analises moleculares amostras com concentracdo entre 10 e 80 ng/uL e razdo
A260/A280 entre 1,8 e 2,0. Amostras com concentracao inferior a 10 ng/uL foram submetidas
a reextracdo. Aquelas com concentracao superior a 80 ng/pL foram diluidas em agua nuclease-
free (livre de DNase, RNase e exonucleases detectaveis) até atingirem a concentracdo desejada
para padronizacdo do input nas reacdes de PCR.

Adicionalmente, foi realizada PCR convencional para amplificacdo do gene constitutivo
GAPDH como controle enddgeno da qualidade e integridade do DNA extraido (Tabela 1).
Amostras que ndo apresentaram amplificacgdo do GAPDH na primeira tentativa foram
submetidas a repeticdo da PCR e, quando necessario, & reextracdo do DNA. Ap0s esses
procedimentos, todas as amostras apresentaram amplificagdo satisfatoria do controle endogeno,

ndo havendo exclusdo de amostras nas analises moleculares subsequentes.
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4.3.7 Diagndstico molecular

As reacOes de PCR foram realizadas em volume final de 10 pL, contendo 5 pL de
GoTag® Green Master Mix 2X (Promega, Sao Paulo, Brasil), resultando em concentracéo final
1X, 0,4 uM de cada primer, 3,6 UL de &gua nuclease-free e 1 uL de DNA molde (padronizado
entre 10 e 80 ng/pL). Todas as reagdes foram conduzidas em termociclador automético Applied
Biosystems Veriti™ 96-Well Thermal Cycler (9902, Massachusetts, EUA).

Em cada corrida de PCR foram incluidos controle positivo, proveniente de animal
previamente confirmado por sequenciamento nucleotidico, e controle negativo, constituido por
agua ultrapura nuclease-free (DNase- e RNase-free). A auséncia de amplificacdo no controle
negativo e a presenca de banda no tamanho esperado no controle positivo foram critérios
obrigatorios para validagédo da corrida.

Os produtos amplificados foram submetidos a eletroforese em gel de agarose, e a
positividade foi definida pela presenca de banda nitida no tamanho esperado para o alvo
especifico, conforme descrito para cada conjunto de iniciadores. Amostras que apresentaram
banda fraca ou de intensidade limitrofe foram submetidas a repeticdo da PCR; a persisténcia do
resultado, com tamanho de fragmento compativel e auséncia de amplificacdo no controle
negativo, foi considerada como positiva. Amplificac6es inespecificas ou bandas em tamanhos
divergentes do esperado foram consideradas negativas.

Para prevencao de contaminacdo, foram adotadas medidas de biosseguranca molecular,
incluindo separacéo fisica das areas de preparo de reagentes (pré-PCR), manipulacdo de DNA
molde e andlise pos-amplificacdo; utilizacdo de ponteiras com filtro; preparo do mix em cabine
especifica; e inclusdo dos controles na seguinte ordem de pipetagem: controle positivo,
amostras e, por ultimo, controle negativo.

As sequéncias dos iniciadores utilizados para triagem em nivel de género e para
identificacdo especifica das hemobactérias e protozoarios, apds positividade na triagem, estdo

descritas abaixo.

Tabela 1: Sequéncia de nucleotideos, alvo, tamanho do amplicon (pb) e referéncia utilizados em PCR

para controle interno de extracdo de DNA de todas as amostras extraidas
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RIB-19 CGGGATCCAACCTGGTTGATCCTGCCC

GAATTCCTTGTTACGACTTCTC
ACCTCACCAGGTCCAGACAG

GTACAAAGGGCAGGGACGTA

ACGGACAATTGCTTATAGCCTT

ACAACTTTTATGGATTAGCTAAAT

GGGCACGTAGGTGGACTAG

CCTGTTAGGAGGGATACGAC
CACATGCAAGTCGAACGGATTATTC
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ACCTGTCACCTCGATAACCTCTAC

ACGAAAGTCTGATGGAGCAATAC
TATCTACGCATTCCACCGCTAC
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Fragment .
Referéncia
0 (pb)
Zahler et
1700 1. 2000
Silveira et
430 al., 2011
Kawahara
195 ot al, 2000
Kawahara
443 et al,, 2009
Massung et
932 "al1998
Massung et
56 4119908
Duarte et
602 al.,2008
Criado
660-680 Fornelio et
al., 2006
Brandédo et
478 al., 2019
Brandédo et
389 al., 2019
dela
849 Fuente et
al., 2005
Bown et
38l al., 2007
Dawson et
473 al., 1996
Rufino et
212 al., 2013
El Tai et
300-350 @ al. 2000
Altay et
309 al., 2020
Altay et
328 al., 2020
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Mycoplasma HBTF ATACGGCCCATATTCCTACG 16S s |k é:r:]l:ﬁg-et
hemotrdpico HBTR TGCTCCACCACTTGTTCA rRNA al. 2003
Gliceraldeido-3-fosfato GAPDH F CCTTCATTGACCTCAACTACAT Birkenheue
desidrogenase GAPD 400 retal
(GAPDH) GAPDHR CCAAAGTTGTCATGGATGACC H 2003

cPCR: PCR convencional com uma reacéo;
Fonte: elaborado pelo autor (2026).

Os produtos amplificados foram analisados por eletroforese em gel de agarose a 1 %,
corados com brometo de etidio. Foi aplicado em cada poco no gel, 5 uL do produto da
amplificacdo. Utilizou-se 1 Kb Ladder Plus (Fermentas®) como padréo de peso molecular. Em
seguida, os produtos foram submetidos a eletroforese em gel sob potencial elétrico de 100 V
por 30 minutos, utilizando a fonte de alimentagdo PowerPac™ Basic Power Supply (Bio-Rad
Laboratories), operando em modo de voltagem ou corrente constante com comutagdo
automatica, com faixa de saida ajustavel entre 10e 300 V e 4-400 mA e poténcia maxima de
75 W. Ap0s a corrida eletroforética, os géis foram visualizados sob luz ultravioleta.

4.3.8 Sequenciamento e analise filogenética

Os produtos das reactes de cPCR e da segunda rodada das nPCRs foram purificados
utilizando o QIAquick® PCR Purification Kit (Qiagen Biotecnologia Brasil, Sdo Paulo, Brasil),
conforme as recomendacdes do fabricante. Os amplicons purificados foram submetidos ao
sequenciamento pelo método de Sanger (Sanger et al.,, 1997), incluindo reacdo de
sequenciamento, precipitacdo, ressuspensao e leitura em plataforma automatizada, realizado na
Plataforma de Sequenciamento Sanger de BH — RPTOLE, no Instituto René Rachou (Fiocruz
Minas).

Nem todas as amostras positivas foram sequenciadas. Para cada agente investigado, foi
selecionado um subconjunto representativo de amostras positivas, considerando qualidade da
banda, intensidade do amplicon e representatividade por matriz biolégica. A estratégia
especifica de selecdo e o nimero de amostras sequenciadas para cada patdégeno estdo descritos
detalhadamente nos Capitulos 1 e 2, de acordo com o0 agente investigado.

Os cromatogramas brutos obtidos foram inicialmente inspecionados quanto a qualidade
dos picos, submetidos a edicdo manual e trimming das extremidades de baixa qualidade, e
posteriormente montados em sequéncias consenso utilizando o software BioEdit v.7.0.5.3. As
sequéncias consenso foram comparadas as disponiveis no GenBank por meio do algoritmo
BLAST (Basic Local Alignment Search Tool), para confirmacgdo da identidade com base no

percentual de similaridade.
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Os alinhamentos multiplos foram realizados utilizando o algoritmo MAFFT (Multiple
Alignment using Fast Fourier Transform), implementado no software MEGA 11 (Tamura et
al., 2013). Sequéncias de referéncia previamente publicadas e disponiveis no GenBank foram
incluidas nas andlises, bem como sequéncias selecionadas como grupo externo (outgroup),
conforme aplicavel a cada agente.

As analises filogenéticas foram conduzidas pelo método de Méxima Verossimilhanca
(ML), com sele¢do do modelo evolutivo mais adequado baseada no menor valor do Critério de
Informagdo Bayesiano (BIC). O suporte dos nds foi estimado por meio de 1.000 réplicas de
bootstrap, conforme descrito por Felsenstein (1985).

As sequéncias obtidas neste estudo foram submetidas ao GenBank, e 0s respectivos
nameros de acesso (accession numbers) estdo descritos nos capitulos especificos de cada

agente.

5. RESULTADOS E DISCUSSAO

Os resultados deste trabalho sdo apresentados no formato de artigos cientificos, organizados
em trés capitulos distintos. O Capitulo 1 corresponde a um artigo publicado em 09/08/2025 na
revista Veterinary Microbiology (PEREIRA, Mariana Rodrigues et al. First molecular evidence of
vertical transmission of Ehrlichia canis in naturally infected female dogs in Brazil. Veterinary
Microbiology, p. 110674, 2025).

O Capitulo 2 refere-se a um artigo submetido em dezembro de 2025 a revista Acta Tropica.
O Capitulo 3 corresponde a um artigo submetido em dezembro de 2025 a revista Veterinary

Research Communications.
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5.1 CAPITULO 1

First Molecular Evidence of Vertical Transmission of Ehrlichia canis in Naturally

Infected Female Dogs in Brazil

Mariana Rodrigues Pereira®, Andressa de Oliveira Silva?, Pedro Henrique Cotrin Rodrigues®
Isabela de Oliveira Sales®; Julia Angélica Gongalves da Silveira?, Camila de Valgas e Bastos®”

& Laboratdrio de Protozoologia Veterindria - PROTOVET, Departamento de Medicina Veterinaria
Preventiva, Escola de Veterinaria, Universidade Federal de Minas Gerais. Avenida Antdnio Carlos,
6627, Belo Horizonte, 31270-901, Minas Gerais, Brazil.

® Veterinarian of AME Veterinary Hospital, Belo Horizonte, Minas Gerais, Brasil.
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Abstract

Ehrlichia canis is an obligate intracellular bacterium transmitted by the tick Rhipicephalus
sanguineus sensu lato. This pathogen is also the etiological agent of canine monocytic
ehrlichiosis, a disease with widespread global distribution and recognized zoonotic potential.
Although vector-borne transmission is well established, evidence supporting the occurrence of
vertical transmission remains limited. This study aimed to investigate the potential
transplacental transmission of E. canis in 51 naturally infected pregnant bitches using molecular
diagnostic techniques, genetic sequencing, and phylogenetic analysis. Blood and placental
samples from the 51 dams, organ pool samples from 22 stillborn puppies, and peripheral blood
from 40 live neonates up to five days of age were analyzed. Molecular analyses were performed
using nested PCR targeting the 16S rRNA gene, with initial detection of the genus Ehrlichia
and subsequent specific confirmation of E. canis, followed by genetic sequencing and
phylogenetic characterization of the positive samples. Ehrlichia spp. DNA was detected in
27.45% of dams blood samples, 5.88% of placentas, 9.09% of stillborns organ pools, and 2.5%
of live-born puppies up to five days old. The sequences obtained showed 100% identity with
previously characterized E. canis isolates from different geographic regions. The study
confirms the occurrence of transplacental transmission of E. canis in dogs and highlights the
potential of this route in the maintenance and dissemination of zoonotic vector-borne agents. It

emphasizes the need to study vertical transmission mechanisms of pathogens and their impact
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in endemic areas, and to combine reproductive monitoring with infectious disease control in

dogs for improved animal and public health.

Keywords: Ehrlichiosis, transplacental transmission, hemopathogens, tick-borne pathogens,
pregnant female dog, PCR.

1. Introduction

Vector-borne diseases are highly prevalent in Brazil and represent a significant
challenge for public health, especially considering that several of these infections have
substantial zoonotic potential. Most relevant examples in Brazil are Brazilian spotted fever
(BSF) and visceral Leishmaniasis (VL), which are responsible for clinical presentations ranging
from nonspecific signs to severe manifestations, including persistent fever, marked anemia,
splenomegaly, progressive weight loss, and, in the case of BSF, high lethality (Dantas-Torres,
2008; Dantas-Torres, 2007).

In this context, hemopathogens represent a heterogeneous group of infectious agents,
among which the rickettsia Ehrlichia canis (Rickettsiales: Anaplasmataceae) stands out. This
obligatory intracellular bacterium parasitizes mononuclear cells and is primarily transmitted
through the bite of the brown dog tick, Rhipicephalus sanguineus sensu lato: Rhipicephalus
linnaei (Groves et al., 1975). The first identification of E. canis infecting dogs in Brazil was
reported in 1973 (Costa et al., 1973), consolidating its recognition as the etiological agent of
canine monocytic ehrlichiosis (CME).

Although traditionally regarded as a pathogen of veterinary relevance, human infections
associated with nonspecific clinical manifestations have been documented in Venezuela and
Costa Rica (Perez et al., 2006; Bouza-Mora et al., 2016). Other species of the Ehrlichia genus,
such as E. ewingii and E. chaffeensis, have been well-documented to cause disease in humans
in North America, Europe and Asia, where clinical manifestations included fever, headache,
myalgia, and cough (Walker and Dumler, 1996; Buller et al., 1999; Blanco and Oteo, 2002;
Heitman et al., 2016).

In animals, the most common hematological abnormalities associated with E. canis
infection are thrombocytopenia and anemia (Dagnone et al., 2003; Morais et al., 2011). In
addition to clinical evaluation, CME diagnosis can be confirmed through identification of the
pathogen in stained blood smears, molecular detection, or serological testing (Harrus and
Waner, 2011).
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Vertical transmission of E. canis in Brazil, although suggested, has not yet been fully
confirmed (Almeida et al., 2010). Aspects related to its epidemiology and the underlying
mechanisms of this transmission route require further investigation. The confirmation of
vertical transmission of E. canis carries significant epidemiological implications: if infected
females can transmit the agent transplacentally to their offspring, the rickettsia may persist in
canine populations until the tick vector is reintroduced. This perpetuation mechanism
undermines the efficacy of control strategies focused solely on vector-based measures, such as
ectoparasiticide application.

Given the importance of E. canis to both veterinary and public health, the objective of
this study was to investigate the occurrence of vertical transmission of this agent in naturally

infected Brazilian dams.

2. Materials and methods

2.1 Ethics and permissions

This study was submitted to and approved by the Ethics Committee on the Use of
Animals at the Federal University of Minas Gerais, Brazil (CEUA/UFMG) under protocol
number 206/2024.

2.2 Study Area, Sample, and Data Collection

The inclusion criteria for this study were pregnant bitches admitted to a veterinary
hospital located in Southeastern Brazil, who were undergoing elective cesarean section, were
clinically stable, had no recent history of comorbidities, and where informed owner consent
was obtained to test the dam and all of the puppies.

Samples were collected between March and December 2024 following cesarean
delivery in a sterile hospital environment and included damsperipheral blood, placentas,
stillborn organ pools, and blood from live-born puppies. Whole blood and serum from dams
were obtained via jugular venipuncture using sterile vacuum tubes containing EDTA and tubes
without anticoagulant. Placental tissue was collected by removing approximately 10g of tissue
and stored in sterile 15 mL falcon tubes. Tissue (15-20g) collected from the brain, liver, and
spleen from stillborn puppies was pooled by puppy and stored in sterile 15 mL falcon tubes
until processing. Whole blood samples from live-born puppies, up to five days of age, were
collected using filter paper via ear tip puncture. All samples were stored at —20 °C until genetic

material extraction.
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2.3 Molecular Diagnosis

The DNA from the samples was extracted from 300 uL of whole blood using the
Wizard® Genomic DNA Purification Kit (Promega, Madison, WI, USA). For organ and filter
paper samples, the ReliaPrep™ gDNA Tissue Miniprep System (Promega®, USA) was used,
following the manufacturer’s instructions for tissue processing. The quality and quantity of the
extracted genetic material were assessed using a NanoDrop spectrophotometer (Epoch
Microplate Spectrophotometer, Biotek, Winooski, Vermont, USA), considering DNA
concentrations ranging from 50 to 80 ng/uL and absorbance ratios at 260/280 nm for purity
evaluation. Sample integrity was further confirmed through normalization PCR targeting the
constitutive gapdh gene, with all samples yielding positive amplification.

The presence of PCR inhibitors was ruled out by amplifying a fragment of the
glyceraldehyde-3-phosphate dehydrogenase (gapdh) gene found in mammals, as described by
Birkenheuer et al. (2003). Nested PCR (nPCR) reactions were performed to detect the
Ehrlichia spp. genus, and all positive samples were subsequently tested specifically for E. canis.
Additionally, all samples were evaluated for possible coinfection with the protozoan
Leishmania spp., an endemic pathogen in the study region, by conventional PCR targeting the
ITS1 gene (El Tai et al., 2000). Detailed information regarding the pathogens investigated,
target genes, primer sequences, amplicon sizes, and corresponding references is presented in
Table 1.

Table 1. Primer sequences used to identify the genus/species of Ehrlichia spp., Leishmania spp. and
Glyceraldehyde-3-phosphate dehydrogenase (gapdh)

Agents Primer Sequences (5°(-)3’) Target Frazggq)ent References
1st N516SCH 1 F ACGGACAATTGCTTATAGCCTT 16SrR 1195 Kawahara et
Ehrlichia s reaction = N516SCH 1R ACAACTTTTATGGATTAGCTAAAT NA al., 2009
- 2nd N516SCH 2 F GGGCACGTAGGTGGACTAG 16SrR 443 Kawahara et
reaction = N516SCH 2R CCTGTTAGGAGGGATACGAC NA al., 2009
1st ECC AGAACGAACGCTGGCGGCAAGCC 16S 478 Branddo
Ehrlichia reaction ECB CGTATTACCGCGGCTGCTGGC rRNA etal., 2019
canis 2nd HE TATAGGTACCGTCATTATCTTCCCTAT 16S 389 Branddo
reaction ECA CAATTATTTATAGCCTCTGGCTATAGGAA = rRNA etal., 2019
. . LITSR CTGGATCATTTT CCGATG El Tai
Leishmania spp. L5.8S TGATACCACTTA TCGCACTT ITS1 | 300-350pb et al. 2000
Glyceraldehyde-3 GAPDH F CCTTCATTGACCTCAACTACAT
Birkenheuer
phosphate dehydrogenase gapdh 400
et al., 2003
(9apdh) GAPDHR CCAAAGTTGTCATGGATGACC

In all PCR assays, the reaction mixture in the first cycle contained 7.5 pL of GoTaq®

Green Master Mix (Promega, Madison, WI, USA), 0.6 pL of a solution containing the mixed
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primers (10 mM), and 5.4 pL of nuclease-free water. A volume of 1.5 pL of total DNA was
added to the reaction mixture to obtain a final volume of 15 pL. The reaction mixtures in the
second-round assays were similar, except that the templates were the PCR products from the
first-round reactions (1.5 pL) when nested. Ultra-pure Milli-Q DNase- and RNase-free water
was used as a negative control. As positive control, DNA from a dog infected with E. canis
(Moreira et al., 2005) was used. The extracted DNA was amplified using an automatic
thermocycler (Mastercycler®, Eppendorf, Darmstadt, Germany or T100 Thermal Cycler®,
Bio-Rad, Hercules, USA). The PCR amplicons were separated by electrophoresis on a 2%
agarose gel (40 min; 100 V), which was then stained with GelRedTM (Biotium, Hayward, CA,
USA) and visualized under ultraviolet light.
2.4 Sequencing

PCR products from the second-round reactions were purified using the QIAquick PCR
Purification Kit (Qiagen Biotechnologia Brasil, Sdo Paulo, Brazil) according to the
manufacturer's recommendations. The purified amplicons were sequenced using the complete
template reaction (Sanger reaction, precipitation, resuspension, and plate reading), performed
on the Sanger Sequencing Platform of BH — RPTOL1E. Using the same oligonucleotides for
sequence analysis, raw data in the form of chromatograms were aligned, edited, and analyzed
using the BioEdit software, version 7.0.5.3 (Hall, 1999). The identity of each sequence was
confirmed by comparison with sequences available in GenBank using the BLAST software

(Basic Local Alignment Search Tool, http://blast.ncbi.nlm.nih.gov/, accessed on March 15,

2025 (Altschul et al., 1990). After comparing identities, the analyzed sequences were classified
based on their similarity with data already deposited in GenBank.
2.5 Phylogenetic Analysis

Phylogenetic trees were constructed using the software MEGA (Molecular Evolutionary
Genetics Analysis), version 11. Multiple sequence alignments were performed with ClustalW,
integrated into the platform, using sequences previously submitted to GenBank. The most
suitable evolutionary models were selected based on the lowest scores of the Bayesian
Information Criterion (BIC) and the corrected Akaike Information Criterion (AlCc).
Representative sequences were included as an outgroup in the analysis. The phylogenetic tree
was generated using the Maximum Likelihood (ML) method, based on the obtained alignments
(Kimura, 1980; Nei and Kumar, 2000; Tamura et al., 2021). The robustness of the tree topology
was tested through 1000 bootstrap replicates, as implemented in the software (Felsenstein,
1985). For Ehrlichia spp., the Kimura 2-parameter model with a gamma distribution (K2 + G;

5 categories, parameter = 0.3607) was used as the evolutionary model (463 bp).
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2.6 Cytology

Fresh blood samples stored in tubes containing EDTA as an anticoagulant were used for
parasitological examination through blood smears, which were stained with a rapid
Romanowsky stain (Rapid Panotic; Laborclin, Pinhais, PR, Brazil) and examined under a Nikon
Eclipse Ei optical microscope (Nikon Corporation, Tokyo, Japan), at 1000x magnification.
3. Results

3.1 Dogs

In this study, nPCR assays targeting the 16S rRNA gene were conducted for the
detection of Ehrlichia spp. and E. canis in whole blood samples from 51 dams, 51 placentas,
22 stillborn organ pools, and 40 puppies up to 5 days old.

3.2 Molecular Assays

Molecular analysis of the 16S rRNA gene detected Ehrlichia spp. in 27.45% (14/51) of
whole blood from dams, 5.88% (3/51) of placental, 9.09% (2/22) of stillborn organ pools, and
2.5% (1/40) of whole blood samples from live-born puppies. The two positive stillborns and
one live-born puppy were from dams who were also PCR positive.

Species-specific PCR targeting E. canis, performed on samples previously positive for
Ehrlichia spp. via 16S rRNA gene amplification, confirmed infection in 34.7% (5/14) of dams,
33.3% (1/3) of placentas, 100% (2/2) of stillborn organ pools, and 100% (1/1) of live-born
puppy (Tables 2 and 3).

Table 2. Positive samples for Ehrlichia spp. and Ehrlichia canis detected by polymerase chain
reaction (PCR) in blood from naturally infected dogs and in organ pool samples from stillborn
puppies. The table includes the number of positive samples (N positives) and the total number of

samples (N total) analyzed

Origin of samples PCR Ehrlichia spp. Ehrlichia canis
Whole blood in EDTA from the female dogs ‘N positives /N total 14/51 5/14
Stillborn puppies’ organ pool *N positives /N total 2/22 2/2
Placental samples -N positives /N total 3/51 1/3

Whole blood in EDTA from puppies -N positives /N total 1/40 1/1
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Table 3. Materials were tested by nested PCR targeting the 16S rRNA gene for the genus Ehrlichia
and Ehrlichia canis.

Samples Whole blood from Placentas Pooled organs from stillborn Whole blood from live-born

female dogs puppies puppies
. Genus E. Genus E. Genus E. Genus E.
Animals Ehrlichia  canis = Ehrlichia  canis Number Ehrlichia  canis Number Ehrlichia = canis

C1 -female (+) ) “) nt 1 ) nt 1 (+) (+)
C2 - female ) ) ) nt 1 ) nt 2 ) nt
C3 -female ) nt ) nt *x nt nt 2 ) nt
C4 -female ) () () nt 2 ) nt 3 ) nt
C5 -female +) ) ) nt *x nt nt *x ok s
C6 -female +) ) ) nt *x nt nt *x ok s
C7 -female ) nt ) nt *k nt nt *k s s
C8 -female (-) (-) nt ** nt nt *k *% *%
C9 - female €] €] +) ) 1 (+) (+) 2 ) nt
C10-female (+) ) ) nt *x nt nt *x *k *%
Cli-female ) nt ) nt 2 ) nt *k ok s
C12-female (+) ) ) nt 2 ) nt 2 ) nt
C13-female ) nt ) nt 1 ) nt 2 ) nt
Cl4-female ) nt ) nt 2 ) nt 3 ) nt
C15-female ) nt ) nt *k nt nt *k ok *ok
C16-female (-) nt (—) nt *x nt nt *%k *k *%k
Cl7-female () nt ) nt 1 ) nt ek ok *k
C18-female () nt () nt *% nt nt *x s s
C19-female (-) nt (—) nt *x nt nt *k *k fraes
C20-female ) (+) +) ) *% nt nt ok ok s
C21-female (+) ) ) ) *x nt nt *x *x *%
C22-female ) ) () nt ** nt nt 1 ) nt
C23-female (-) nt (—) nt *x nt nt *%k *k fraes
C24-female (-) nt (—) nt *x nt nt *%k *k e
C25-female (+) +) ) nt 1 +) +) *k *% *x
C26-female ) nt ) nt ** nt nt 2 ) nt
C27-female ) nt ) nt ** nt nt 2 ) nt
C28-female (+) ) Q)] nt *x nt nt *x *k *k
C29-female () nt () nt *% nt nt *x s s
C30-female ) nt ) nt 2 ) nt e e ok
C31-female (-) nt (—) nt *x nt nt *%k *k fraes
C32-female () nt ) nt *% nt nt *x s s
C33-female () nt ) nt 2 ) nt 3 ) nt
C34-female ) nt ) nt ** nt nt 2 ) nt
C35-female ) nt ) nt ** nt nt 2 ) nt
C36-female ) nt ) nt ** nt nt 1 ) nt
C37-female ) nt ) nt % nt nt *k *k ok
C38-female ) nt ) nt ** nt nt 2 ) nt
C39-female ) nt ) nt % nt nt *k *k ok
C40-female ) nt ) nt % nt nt *k *k ok
C4l-female ) nt ) nt % nt nt *k *k ok
C42-female +) ) ) nt 2 ) nt 3 ) nt
C43-female ) nt ) nt *x nt nt 3 ) nt
C44-female ) nt ) nt *% nt nt *k *k s
C45-female ) nt ) nt *% nt nt *k *k s
C46-female ) nt ) nt *x nt nt 2 ) nt
C47-female ) nt ) nt *% nt nt *x *k s
C48-female ) nt ) nt *% nt nt *x *x s
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C48-female ) nt ) nt *k nt nt *k ok s
C50-female ) nt ) nt 2 ) nt *k ok s
C51-female ) nt @) nt *k nt nt *k ok ok

Three positive samples obtained from 16S rRNA gene-based analyses of Ehrlichia spp.,
including one dam blood and two stillborn organ pool samples, were sequenced, and the
nucleotide sequences were deposited in GenBank (under the following accession numbers:
PV351676, PV361677, and PV351675). The sequencing results showed 100% identity with E.
canis strains previously reported in domestic dogs from Brazil, India, and Turkey (GenBank
accession numbers: EF195134, PP860904, and KJ513197). The phylogenetic analysis is
presented in Figure 1. All samples in this study tested negative for Leishmania spp. by PCR.

PQ136042)
Puppy Brazil (PV351676)
Puppy Brazil (PV351677)

Ehrlichia sp Canis Fami
|- en

Figure 1. Phylogenetic tree based on a 463 bp alignment of the Ehrlichia spp. 16S rRNA gene involving
23 nucleotide sequences, using the maximum likelihood method and K2 + G as the evolutionary model.
The numbers at the branching nodes of the tree indicate bootstrap values from 1000 replications. The
scale bar represents evolutionary distance. The sequences detected in the present study are highlighted
in bold, with access numbers provided in parentheses. A. marginale and A. phagocytophilum were used
as external groups.
3.3 Cytology

The parasitological examination of the blood smears was also negative for all animals,

which may be related to the low rickettsial load at the time of blood collection.
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Discussion

This study provides new evidence of transplacental transmission of E. canis in naturally
infected dams in Brazil, documenting the molecular detection of the agent in stillborn organ
pool samples, in a live-born puppy, and in placentas from infected dams. Previous studies have
investigated the possibility of vertical transmission of this rickettsia through the detection of E.
canis DNA or morulae in monocytes of dams and their offspring. However, unlike the present
study—which ensured that puppies were not exposed to ticks prior to testing—none of the
previous studies ruled out the possibility of vector-borne transmission in the neonates (Taques
et al., 2016; Almeida et al., 2010; Astigarraga, 2023). Transplacental transmission of E. canis
is further supported by the detection of bacterial DNA in placental and fetal tissues, a finding
previously reported only in sheep and goats in Italy (Chisu et al., 2021) and documented here
for the first time in dogs.

The detection of Ehrlichia spp. in 27.45% of the dams evaluated suggests that the
physiological stress of pregnancy, combined with infection, may induce immunosuppression,
impairing the host’s immune response and increasing the risk of vertical transmission (Mshelia
et al., 2005). Supporting this hypothesis, E. canis DNA was detected in organs pooled from two
stillborn puppies and in the blood of a live-born puppy, all born to molecularly positive dams.
A possible explanation for fetal infection involves blood extravasation at the maternal—fetal
interface, followed by phagocytosis of infected cells or infectious agents by trophoblasts in the
marginal hematophagous zone—a mechanism analogous to erythrophagocytosis and iron
endocytosis described in the endotheliochorial placenta of dogs (Oliveira et al., 2012).

Despite these promising findings, our study has some important limitations. It is
possible that the vertical transmission rate was underestimated. Additional puppies may have
been infected, but pathogen load may have been below the detection threshold of the primers
used in the nPCR. Other factors, such as the choice of genetic marker, assay sensitivity, and the
type or quality of biological samples, may also have affected the ability to detect the pathogen.
Furthermore, although the E. canis-specific nPCR is highly specific, it has lower sensitivity
than the genus-targeting nPCR. For this reason, we applied the species-specific assay only to
samples that tested positive in the genus-level nPCR.

The confirmation of transplacental vertical transmission of E. canis reinforces the role
of dogs as potential reservoirs of the pathogen, capable of maintaining its circulation even in
the absence of vector ticks. This transmission route contributes to the persistence and
dissemination of the pathogen and should be considered within the framework of the One

Health approach, given the zoonotic relevance of this pathogen.
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Future investigations should explore the specific aspects of canine ehrlichiosis
pathogenesis during pregnancy, as well as increase sample size, assess the presence of possible
coinfections, employ multiple genetic markers, and incorporate serological approaches. These
strategies will help improve our understanding of infection mechanisms in pregnant bitches and
further clarify the role of vertical transmission in the epidemiology of E. canis.

Conclusion

Based on the results of this study, transplacental vertical transmission of E. canis from
infected dams to their offspring is shown to be possible, although uncommon. These findings
confirm this route of transmission and highlight a new challenge for the development of

effective disease control strategies.
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Abstract

This study aimed to investigate the vertical transmission of Babesia vogeli, Hepatozoon canis,
Anaplasma platys, Anaplasma phagocytophilum, and hemotropic Mycoplasma via molecular
detection in 51 blood samples from naturally infected female dogs, 51 placentas, 22 organ pools
from stillborn puppies, and 44 blood samples from neonates up to five days of age. As a result,
vertical transmission was confirmed for A. platys in seven (31.81%) stillborn organ pool
samples, and for hemoplasmas in one (14.28%) organ pool and 12 (63.15%) neonate samples.
Furthermore, this study provides the first record of this transmission route for the protozoan
B. vogeli in three (13.63%) stillborns and two (25%) neonates and for the hemoplasma
Candidatus Mycoplasma haematoparvum in one (14.28%) stillborn and 12 (63.15%) neonates.
The data contribute to a better elucidation of the epidemiology of these agents in pregnant
female dogs and emphasize the need for more in-depth investigations to clarify the detailed
mechanisms surrounding the vertical transmission of hemopathogens, considering that this
transmission route may play an important role in the maintenance and dissemination of these

agents, especially in the absence of vectors.

Keywords: Transplacental transmission, hemoparasites, canine babesiosis, canine
anaplasmosis, pregnant female dogs, PCR.
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1. Introduction

The process of domestication of dogs (Canis familiaris) has exerted a profound
influence on culture and the organization of human life in society, consolidating this species
as a close companion throughout history (Larson et al., 2012). Concurrently, characteristics
such as high population density, free-roaming habits, and the capacity to transit between
different environments make these animals important reservoirs and potential disseminators
of zoonotic agents (Paschoal et al., 2016).

In this context, Vector-Borne Pathogens (VBPS) assume an important role within the
One Health concept, being responsible for some of the main diseases affecting dogs in Brazil.
These agents encompass a wide etiological diversity, including hemoplasmas (do Nascimento
et al., 2012), apicomplexans of the genera Babesia and Hepatozoon (Dantas-Torres, 2008), in
addition to rickettsiae of the genera Ehrlichia and Anaplasma, which are recognized for their
broad geographic distribution and zoonotic potential (André, 2018).

In Brazilian territory, the incidence and dispersion of these agents are directly related to
the presence and population dynamics of their vectors, especially the tick Rhipicephalus
sanguineus sensu lato, the main transmitter of these hemopathogens. Introduced in Brazil
during the colonial period, this ectoparasite has a strong association with dogs, its main hosts
(Szabo et al., 2005). Although bites on other animals, including humans, are considered
accidental, R. sanguineus can reach high population densities in domestic and peridomestic
environments (Labruna e Pereira, 2001; Guglielmone et al., 2006), favoring infestations in
kennels and residences. It is a species widely distributed throughout the country, more common
in tropical and subtropical regions, and its expansion has been potentiated by climate and
environmental changes, allowing the colonization of previously non-endemic areas (lrwin,
2002).

From a clinical-pathological perspective, canine hemopathogens exhibit distinct
mechanisms of action, but converge in their potential to cause significant hematological and
immunological imbalances. Ehrlichia canis infects monocytes, inducing severe anemia and
thrombocytopenia; Anaplasma platys compromise platelets, leading to cyclic
thrombocytopenia; Babesia vogeli causes direct erythrocyte destruction, resulting in hemolytic

anemia; and hemoplasmas adhere to the erythrocyte membrane, promoting immune-mediated
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hemolysis (Diniz e Aguiar, 2022; Tasker, 2020; Solano-Gallego et al., 2011; Gaunt et al., 2010).
The coinfection of these agents potentiates hematological damage, potentially leading to severe
clinical conditions, in addition to compromising the reproductive efficiency and well-being of
the female dogs.

Although the vector transmission of these agents is widely documented in Brazil, the
evidence regarding vertical transmission is still scarce. This knowledge gap is particularly
relevant in contexts such as breeding kennels, where infected reproductive female dogs can act
as silent sources of infection. This transmission route represents an added challenge for
epidemiological control, since the infection can occur independently of the biological vector,
even in environments with rigorous sanitary management and effective tick control. In this
context, vertical transmission emerges as an alternative mechanism for the maintenance and
dissemination of agents, compromising the effectiveness of traditional control strategies based
exclusively on the elimination of arthropod vectors.

Given the relevance of A. platys, Anaplasma phagocytophilum, B. vogeli,
Hepatozoon canis, and hemotropic Mycoplasma for public and veterinary health, this study
aimed to investigate the occurrence of vertical transmission of these pathogens from naturally
infected female dogs.

2. Materials and methods

All biological material collection procedures were approved by the Ethics Committee
on Animal Use of the Federal University of Minas Gerais (UFMG), under protocol 206/2024.
2.1 Study Location, Collection Period, and Sample Origin

The samples used in this study were obtained from a veterinary hospital located in Belo
Horizonte, Minas Gerais, Brazil (19°50'45"S, 43°5821"W), between March and December
2024. A total of 51 pregnant female dogs, of different ages and breeds, underwent clinical and
ultrasound monitoring throughout gestation. All these animals underwent elective cesarean
sections performed at the institution's surgical center. It is emphasized that all female dogs were
clinically stable, with no recent history of comorbidities or conditions that contraindicated the
surgical procedure. It is also noted that the present study ruled out the presence of ectoparasites
in the neonates evaluated, as all female dogs with access to the partner hospital's maternity ward
were free of arthropods at the time of admission, an institutional requirement to ensure the
safety of other animals.

Upon signing the informed consent form by the tutors, blood samples were collected
from the 51 pregnant female dogs at the pre-partum period by jugular vein puncture, using

sterile vacuum tubes containing EDTA. During the cesarean sections, the 51 placentas were
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obtained, individually conditioned in identified plastic bags and stored at -20 °C. Subsequently,
the samples were transported in a thermal box to the Protozoology Laboratory of the Federal
University of Minas Gerais (Protovet-UFMG), where they remained under the same
temperature conditions until laboratory processing.

In the postpartum period, 44 whole blood samples were collected from live neonates up
to five days of age, by puncture of the ear tip with disposable lancets. The blood was deposited
on specific filter paper (one or more cards per puppy), and the dry disks were conditioned in
individually identified Eppendorf microtubes. In cases of stillborns, manipulation was
performed in the Protovet laboratory under aseptic conditions. For each of the 22 stillborn
puppies, an individual scalpel, a pair of sterile gloves, and a laminated surface were used to
obtain an organ pool (brain, liver, and spleen). The tissues were conditioned in sterile 15 mL
Falcon tubes and stored at -20 °C until the moment of genetic material extraction.

2.2 Blood Smear

Slides obtained from the female dogs' blood were stained with Panoptic Rapid® and
read using a Nikon Eclipse Ei optical microscope (Nikon Corporation, Tokyo, Japan) at 100x
magnification with the use of immersion oil. The slides were extensively evaluated, from the
feathered edge to the body of the smear, avoiding areas of cell overlap, to increase the chance
of visualizing hemopathogens.

2.3 Molecular Diagnosis

All molecular analyses were performed at the Protovet laboratory. DNA extraction from
whole blood samples (EDTA), tissues (placentas and organ pools), and filter paper impregnated
with neonate blood was performed using the Wizard® Genomic DNA Purification kit
(Promega, Séo Paulo, Brazil), according to the manufacturer's recommendations, with
specifications for each type of material. For the filter paper samples, modifications were
included in the tissue protocol: addition of 2 pL of proteinase K (Biotec) during nuclear lysis
and halving the volumes of the reagents, due to the low quantity of material. The quality of the
extracted DNA was evaluated by spectrophotometry (NanoDrop Thermo Fisher S120 Micro
UV, USA), considering the concentration (ng/uL) and the A260/280 absorbance ratio. As
additional quality control, conventional PCR was performed for the constitutive gene GAPDH
to verify DNA integrity and extraction efficiency.

Initially, screening was performed using cPCR (conventional PCR) and nPCR (nested
PCR) for detection at the genus level in all samples, followed by the application of specific

analyses only in those previously positive for the respective genus. This strategy was adopted
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due to the greater sensitivity observed in the generic reactions compared to the specific ones.

All samples were tested for Leishmania sp. considering the possibility of co-infections, as this

is an endemic area for Canine Visceral Leishmaniasis. Detailed information on the agents

investigated, target genes, primer sequences, amplicon sizes, and respective references are

presented in Table 1.

Table 1. Nucleotide sequence, target, amplicon size (bp), and reference used in PCR for internal control

of DNA extraction from all extracted samples.

Agentes
1° reagdo
Piroplasmida/
Hepatozoon spp
2° reacdo
1° reagdo
Ehrlichia sp
2° reacdo
1° reacédo
Anaplasma sp
2° reacédo
Babesia vogeli 1° Reacéo
Hepatozoon sp 1° Reacéo
1° reagdo
Ehrlichia canis
2° reacéo

Primer’s

RIB-19
RIB-20
BABrum F
BABrum R
N516SCH1F
N516SCH 1 R
N516SCH 2 F
N516SCH 2 R
GE3a

GE10r

GEOf

GE2

BCV-18S-F

BCV-18S-R

HEP-1
HEP-4

ECC
ECB

HE
ECA

Sequéncias (5°-37)

CGGGATCCAACCTGGTTGATCCTGCCC
GAATTCCTTGTTACGACTTCTC
ACCTCACCAGGTCCAGACAG
GTACAAAGGGCAGGGACGTA
ACGGACAATTGCTTATAGCCTT
ACAACTTTTATGGATTAGCTAAAT
GGGCACGTAGGTGGACTAG
CCTGTTAGGAGGGATACGAC
CACATGCAAGTCGAACGGATTATTC

TTCCGTTAAGAAGGATCTAATCTCC

AACGGATTATTCTTTATAGCTTGCT
GGCAGTATTAAAAGCAGCTCCAGG

GTGAACCTTATCACTTAAAGG
CAACTCCTCCACGCAATCG

CGCGAAATTACCCAATT
TAAGGTGCTGAAGGAGTCGTTTAT

AGAACGAACGCTGGCGGCAAGCC
CGTATTACCGCGGCTGCTGGC

TATAGGTACCGTCATTATCTTCCCTAT

CAATTATTTATAGCCTCTGGCTATAGG
AA

Gene

18Sr
RNA
18Sr
RNA
16Sr
RNA
16Sr
RNA

16S
rRN

16S
rRN

ITS1
ITS2

18S
rRN

16S
rRN

16S
rRN

Fragmento

(pb)

1700

430

1195

443

932

546

602

660-680

478

389

Referéncia

Zahler et al.,
2000

Silveira et
al.,, 2011

Kawahara et
al., 2009

Kawahara et
al., 2009

Massung et
al.1998

Massung et
al.1998

Duarte et
al.,2008

Criado
Fornelio et
al., 2006

Branddo et
al., 2019

Branddo et
al., 2019


https://www.sciencedirect.com/science/article/pii/S1877959X2400044X#bib0072
https://www.sciencedirect.com/science/article/pii/S1877959X2400044X#bib0072
https://www.sciencedirect.com/science/article/pii/S1877959X2400044X#bib0072
https://www.sciencedirect.com/science/article/pii/S1877959X2400044X#bib0072

1° Reacéo
Anaplasma
phagocytophilu
m
2° Reacdo
1° Reacéo
Anaplasma
platys
2° Reacdo
Leishmania sp 1° Reacdo
M I
ycop as”.‘a 1° Reacdo
haemocanis
Candidatus
Mycoplasma 1° Reacdo
haematoparvum

Mycoplasma hemotrépico

Gliceraldeido-3-fosfato
desidrogenase (GAPDH)

MSP4APS
MSP4AP3

msp4f
msp4r
ECC
ECB
APYS-F
APYS-R
LITSR
L5.8S

Mhc-F
Mhc-R

CMhp-F
CMhp-R

HBTF
HBTR

GAPDH F
GAPDHR

ATGAATTACAGAGAATTGCTTGTAGG
TTAATTGAAAGCAAATCTTGCTCCTAT

G

CTATTGGYGGNGCYAGAGT
GTTCATCGAAAATTCCGTGGTA

AGAACGAACGCTGGCGGCAAGCC
CGTATTACCGCGGCTGCTGGC
GTCGAACGGATTTTTGTCGT
TAGATCACCGCCTTGGTAGG

CTGGATCATTTT CCGATG
TGATACCACTTATCGCACTT

GAAACTAAGGCCATAAATGACGC
ACCTGTCACCTCGATAACCTCTAC

ACGAAAGTCTGATGGAGCAATAC
TATCTACGCATTCCACCGCTAC

ATACGGCCCATATTCCTACG

TGCTCCACCACTTGTTCA

CCTTCATTGACCTCAACTACAT
CCAAAGTTGTCATGGATGACC

msP4

16S
rRN

ITS1

16S
rRN

16S
rRN

16S
rRN

GAP
DH

849

381

473

212

300-350

309

328

618

400

63

De la Fuente
et al., 2005

Bown et al.,
2007

Dawson et
al., 1996

Rufino et
al., 2013

El Tai et al.
2000

Altay et al.,
2020

Altay et al.,
2020

Criado-
Fornelio et
al., 2003

Birkenheuer
et al., 2003

The PCR reactions were performed by adding 9 pL of a mix containing: 5 pL of

GoTag® Green Master Mix 2X (Promega, SP, Brazil), 3.6 pL of nuclease-free water, and 0.4

pL of primer. To this mixture, 1 uL of DNA from each sample was added. The extracted DNA

was amplified using the automatic thermocycler (Applied Biosystems Veriti 96-well 9902,

Massachusetts, USA). The positive control samples used were derived from experimentally or

naturally infected animals, followed by confirmation via nucleotide sequencing, and the

negative controls for the reactions consisted of DNase and RNase free ultrapure milli-Q water

that accompanies the GoTaqg Green Master Mix reagent Kit.

The amplified products were analyzed by electrophoresis in a 1% agarose gel, stained

with ethidium bromide. 5 pL of the amplification product was applied to each well in the gel.

1 Kb Ladder Plus (Fermentas®) was used as a molecular weight standard. Subsequently, the
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products were run on the gel under an electric potential of 100 volts for 30 minutes and were
later observed under ultraviolet light.
2.4 Genetic Sequencing

PCR products from the second-round reactions were purified using the QlAquick PCR
Purification Kit (Qiagen Biotechnologia Brasil, Sdo Paulo, Brazil) according to the
manufacturer's recommendations. The purified amplicons were sequenced using the complete
template reaction (Sanger reaction, precipitation, resuspension, and plate reading), performed
on the Sanger Sequencing Platform of BH — RPTOL1E. Using the same oligonucleotides for
sequence analysis, raw data in the form of chromatograms were aligned, edited, and analyzed
using the BioEdit software, version 7.0.5.3 (Hall, 1999). The identity of each sequence was
confirmed by comparison with sequences available in GenBank using the BLAST software
(Basic Local Alignment Search Tool, http://blast.ncbi.nlm.nih.gov/, accessed on March 15,

2025) (Altschul et al., 1990). After comparing identities, the analyzed sequences were
classified based on their similarity with data already deposited in GenBank.
2.5 Phylogenetic Analysis

Phylogenetic trees were constructed using the software MEGA (Molecular Evolutionary
Genetics Analysis), version 11. Multiple sequence alignments were performed with ClustalW,
integrated into the platform, using sequences previously submitted to GenBank. The most
suitable evolutionary models were selected based on the lowest scores of the Bayesian
Information Criterion (BIC) and the corrected Akaike Information Criterion (AlCc).
Representative sequences were included as an outgroup in the analysis. The phylogenetic tree
was generated using the Maximum Likelihood (ML) method, based on the obtained alignments
(Kimura, 1980; Nei and Kumar, 2000; Tamura et al., 2021). The robustness of the tree topology
was tested through 1000 bootstrap replicates, as implemented in the software (Felsenstein,
1985).

3. RESULTS
3.1 Blood Smear

Microscopic reading of the stained blood smear slides from the 51 female dogs did not
identify hemopathogens.
3.2 Molecular Diagnosis, Sequencing, and Phylogenetic Analysis

Molecular analyses were performed on whole blood and placenta samples from 51
female dogs, on organ pools from 22 stillborns, and on blood from 44 puppies up to five days
of age. At least one of the hemopathogens was detected in all pregnant bitches. Vertical

transmission, through the detection of at least one of the agents in organ pools or in the blood


http://blast.ncbi.nlm.nih.gov/
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of neonates, was confirmed in 100% of the litters investigated (Table 2). Conversely, no positive

results were obtained for the protozoa Hepatozoon sp. and Leishmania sp., or for the bacterium

A. phagocytophilum.

Table 2. Positivity percentage of each sample type for the different agents detected in the generic and

specific reactions.

Hemopathogen Whole blood Placentas Pooled organs from Whole blood from
species from female dogs stillborn puppies live-born puppies
Anaplasma sp 37/51 24/51 22/22 1/44
(72.54%) (47.05%) (100%) (2,27%)
Anaplasma platys 5/37 2124 7122 0/1
(13.51%) (8.33%) (31.81%) (0.0%)
Ehrlichia sp 14/51 3/51 2/22 1/40
(27.45%) (5.88%) (9.09%) (2.27%)
Ehrlichia canis 5/14 1/3 212 1/1
(34.71%) (33.33%) (100%) (100%)
Piroplasmida 42/51 32/51 22/22 8/44
(82.35%) (62.74%) (100%) (18.18%)
Babesia vogeli 12/42 7132 3/22 2/8
(28.57%) (21.87%) (13.63%) (25%)
Hemoplasmas 36/51 18/51 7122 19/44
(70.58%) (35.29%) (31.81%) (43.18%)
Candidatus 26/36 6/18 1/7 12/19
Mycoplasma (72.22%) (33.33%) (14.28%) (63.15%)

haematoparvum
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4/36 0/18 017 0/19

Mycoplasma
(11.11%) (0.0%) (0.0%) (0.0%)

haemocanis

For Anaplasma spp., the observed positivity rates were 72.54% in the female dogs' blood
samples, 47.05% in the placentas, 77.27% in the organ pools from the stillborns, and 2.27% in
the neonate blood. The specific nPCR for A. platys revealed infection in 13.51% of the maternal
blood samples, 8.33% of the placentas, 31.81% of the organ pools, and absence of detection in
the neonate blood samples.

Although a large part of the samples was characterized at the species level through
specific primers, two whole blood samples, initially negative for the species-specific primer,
were submitted to sequencing with the generic primer to confirm molecular identity.
Considering the wide occurrence of A. platys in dogs, this representative pair of samples—
mother and puppy—was selected to prove vertical transmission and enable the extrapolation of
findings through phylogenetic analysis. The sequences obtained (GenBank accession numbers:
PX062354 and PX062355) confirmed the molecular identification and showed high similarity
(> 90%) with A. platys isolates previously described in different regions of the world, including
cattle from Cuba, goats from the Philippines, and dogs from Brazil (Figure 1).
et |

phagocy Camelus Tunisia (KC455366)
Anaplasma phagocytophilum Canis Familiaris Pakistan (PP346265)

Anaplasma platys cattle China (MZ148475)
76 | Anaplasma sp Goat Philippines (OP351270) 1

spR Taiwan (OKS
Anaplasma sp Cattle Cuba (OQ362276)
Anaplasma sp Canis familiaris Female dog Brazil (PX062354)
i[Anaplasma sp Canis familiaris Puppy Brazil (PX062355)
Anaplasma sp Goat Philppines (OP351266)

97 | Anaplasma odocoilei Odocoileus virginianus USA (NR 118489)
|Anaprasrna odocoilei Lipoptena depressa (KT870139)

98 | Anaplasma bovis Japan (AB211163)

Anaplasma bovis cattle India (MH244925)

¢
¥

capra Rl us microplus China (MH762071)
Anaplasma ovis Hyalomma sp. Iran (MK310489)
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cattle Philppines (LC007100)

Anaplasma marginale cattle Uganda (KU686775)
86 : Ehrlichia chaffeensis (AF147752)
Ehrlichia canis (MK507007)

Rickettsia rickettsii (NR028018)

Figure 1. Phylogenetic tree based on a 546 bp alignment of the Anaplasma spp. 16S rRNA gene
involving 24 nucleotide sequences, using the maximum likelihood method and K2 + G as the
evolutionary model. The numbers at the branching nodes of the tree indicate bootstrap values from 1000

replications. The scale bar represents evolutionary distance. The sequences detected in the present study
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are highlighted in bold, with access numbers provided in parentheses. Rickettsia rickettsii was used as
external group.

The molecular tests amplified DNA belonging to the Piroplasmida order or the
Hepatozoon genus in 82.35% of the female dogs' blood samples, 62.74% of the placentas,
68.18% of the organ pools, and 18.18% of the neonate blood samples. Three amplicons
resulting from pPCRs directed at the species, derived from the mother's whole blood, placenta,
and the blood of a neonate, were submitted to genetic sequencing. In these, it was possible to
confirm the exclusive presence of B. vogeli (GenBank accession numbers: PV549412,
PV549413, and PV549414, respectively). The detection of this same species was observed in
28.57% of the maternal blood samples, 21.87% of the placentas, 13.63% of the organ pools,
and 25% of the neonates. The BLASTnN analysis revealed an identity ranging from 98% to
99.75% and clustered the sequences detected in this study with B. vogeli isolates previously

described in dogs from Brazil, Taiwan, India, and Colombia (Figure 2).

67 | Babesia vogeli Canis Familiaris Brazil (PV549413)
Babesia vogeli Placenta Canis Familiaris Brazil (PV549414) Brazil
Babesia vogeli Canis familiaris Brazil (FJ588003)
Babesia vogeli Canis familiaris ndia (OR566934)
100 || Babesia vogeli cat Taiwan (EF180054) h“
Babesia vogeli Canis familians Colombia (KT946903)
Babesia vogeli puppy Canis Familiaris Brazil (PV549412)
100 1 Babesia gibsoni Dog ndia(KF815078)
Babesia gibsoni Dog China (KP666149)
Babesia canis cat Israel (AY272048)
Babesia rossi dog South Africa (AF394535)
100 ~ Babesia bovis Odocoileus virginianus USA (HQ264131)

L Babesia bovis cattle ndia (KF928960)
100 - Babesia microti Mesocricetus auratus Japan(AB190459)

| Babesia microti Apodemus speciosus Japan (AB190435)

100 | Babesia orientalis China(HM538243)
86 Babesia onentalis China(HM538239)
100 - Babesia bigemina Cattle China (HM538271)
Babesia bigemina Bos taurus Turkey (KT220510)
Babesia divergens Cattle Austria(EU185801)

Babesia Bos taurus 458172)
Babesia divergens human France (EF458189)

58 Theileria sp. Waterbuck Kenya (KF597096)
%0 N Theileria cervi sika deer China(KR781123)
91 Theileria sp. China(KF319030)
100 — Theileria annulata strain vaccine S15 (KF429798)
Theileria annulata (KF429796)
100 | Cytauxzoon felis (KT783524)
Cytauxzoon felis USA (KT783524)
i 100  Theilenia sinensis Cattle China (HM538273)
100 Theileria sinensis Cattle China (EF547931)
100 Theileria bufei Cattle USA (AY661528)
Theileria bufei Buffalo China(HM538226)

Sarcocystis masoni Vicugna pacos China (ON540307)

53

95

100 |

Figure 2. Phylogenetic tree based on a 602 bp alignment of the Babesia vogeli. ITS 1 and ITS 2 gene
involving 34 nucleotide sequences, using the maximum likelihood method and K2 as the evolutionary
model. The numbers at the branching nodes of the tree indicate bootstrap values from 1000 replications.
The scale bar represents evolutionary distance. The sequences detected in the present study are
highlighted in bold, with access numbers provided in parentheses. Sarcocystis masoni were used as

external groups.

Additionally, regarding hemoplasmas, generic cPCRs revealed positivity in 70.58% of
the maternal blood samples, 35.29% of the placentas, 31.8% of the organ pools, and 43.18% of
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neonate blood samples. The specific cPCRs for the pregnant female dogs' blood samples
identified Candidatus Mycoplasma haematoparvum (Ca. M. haematoparvum) in 72.22% of the
cases and M. haemocanis in 11.11%. In the placentas, 33.33% were positive for Ca. M.
haematoparvum, while no sample showed positivity for M. haemocanis. In the organ pools of
the stillborns and the neonates' blood, the presence of Ca. M. haematoparvum was exclusively
detected, with rates of 14.28% and 63.15%, respectively. The sequencing analyses, performed
on whole blood samples from one female dog, its placenta, and the blood of its stillborn puppy,
revealed an identity ranging from 92% to 95.75% with Mycoplasma sp. in the BLASTn analysis
(GenBank accession numbers: PX071996, PX071997, and PX071997), and clustered the

detected sequences with others described in hedgehogs in Brazil (Figure 3).

Mycoplasma sp wild-domestic felid Chile (MN543637) h
Mycoplasma sp spleen of wild rodent Brazil (KT215636) ﬂ

Mycoplasma sp Lycalopex grisus Argentina (MK064160)

Mycoplasma sp Micromys minutus Hungary (KC863983) .
100 | Ca. Mycoplasma turicensis Felis catus Italy (EU839977)

Ca. Mycoplasma turicensis Felis catus United Kingdom (DQ464420) R

Mycoplasma sp Coendou villosus Brazil (MN860071)
Mycoplasma sp Canis Familiaris Placenta Female dog Brazil (PX071996)
61|, Mycoplasma sp Canis familiaris Blood Female dog Brazil (PX071997)

Mycoplasma sp Canis Familiaris organs stillborn puppy (PX071998)

61 Mycoplasma coccoides laboratory mouse USA (AY171918)

<|\Ca Mycoplasma haematobovis Bos taurus Cuba (MG948628)

Ca Mycoplasma haematobovis Bubalus bubalis Cuba (MG948631)
Ca. Mycoplasma haemobos Bos tautus China (EF460765)
99 o Mycoplasma haemocanis Canis familiaris Cuba (MZ221166)
—lLMycoplasma haemofelis Leopardus geoffroyi Brazil (PQ471487)
Mycoplasma haemocanis Canis familiaris Brazil (HQ918287)
Mycoplasma suis Sus scrofa Japan (AB610849)

99 98 —— Ca. Mycoplasma haemominutum Canis familiaris (AY297712)
L ca Mycoplasma haematoparvum Canis familiaris Spain (GQ129113)

al 100 [ Mycoplasma wenyonii Bos taurus Japan (EU367964)
100 Mycoplasma wenyonii Bos taurus Cuba (MG948624)
00 Ca. Mycoplasma haemovis Ovis aries Japan (JF931133)
Mycoplasma ovis Homo sapiens USA (GU230144)

Mycoplasma hominis (AJ002265)

Mycoplasmoides pneumoniae (NR041751)

Figure 3. Phylogenetic tree based on an alignment of 600 bp of Mycoplasma spp. 16S rRNA gene
involving 25 nucleotide sequences, using the ML method and TN + G as an evolutionary model. The
numbers at the branch nodes of the tree indicate bootstrap values from 1000 replications. The scale bar
represents the evolutionary distance. The sequences detected in the present study are highlighted in bold,
with accession numbers provided in parentheses. Mycoplasma pneumoniae and Mycoplasma
hominis were used as outgroups.

It is relevant to mention that, within the same litter, we observed puppies that were
positive and negative for the same agent, and that all detailed tables with information on
infections per material type for each female dog are in the supplementary material of this article
(Tables 4, 5 and 6). Furthermore, coinfections were identified in all types of samples analyzed,

involving all genera and orders of hemopathogens investigated. Table 3 presents the
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percentages of coinfections by material type, highlighting the different combinations among the
detected agents.

Table 3. Frequency of coinfections detected in the different sample types (whole blood, placenta,
stillborn organs, and neonate blood), with the correlation between the identified agents.

Coinfection Whole blood from Placentas Pooled organs from Whole blood from live-
female dogs stillborn puppies born puppies
Ap + Myc (8/51) (0/42) (1/13) (0/15)
Pir + Ehr 15.68% 0% 7.69% 0%
Ap+Myc+Pir (16/51) (7/42) (6/13) (0/15)
31.37% 16.16% 46.15 0%
Ap+Myc+Ehr (0/51) (0/42) (0/13) (0/15)
0% 0% 0% 0%
Ap+Pir+Ehr (1/51) (2/42) (1/13) (0/15)
1.9% 4.7% 7.69% 0%
Pir+Myc+Ehr (3/51) (1/42) (0/13) (1/15)
5.88% 2.3% 0% 6.66%
AP + Myc (3/51) (1/42) (0/13) (0/15)
5.88% 2.3% 0% 0%
AP +Pir (8/51) (11/42) (5/13) (1/15)
15.68% 26.19% 38.46% 6.66%
Ap + Ehr (0/51) (0/42) (0/13) (0/15)
0% 0% 0% 0%
Myc + Ehr (0/51) (0/42) (0/13) (0/15)
0% 0%) 0% 0%
Pir + Ehr (1/51) (0/42) (0/13) (0/15)
1.9% 0% 0% 0%
Myc + Pir (2/51) (3/42) (0/13) (3/15)
3.9% 7.14% 0% 20%
AP (1/51) (3/42) (0/13) (0/15)
1.9% 7.14% 0% 0%
MYC (4/51) (6/42) (0/13) (9/15)
7.8% 14.28% 0% 60%
PIR (3/51) (8/42) (0/13) (1/15)
5.88% 19.09% 0% 6.66%
EHR (0/51) (0/42) (0/13) (0/15)
0% 0% 0% 0%

AP: Anaplasma sp; MYC: Mycoplasma sp; EHR: Ehrlichia sp; PIR: piroplasmida
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4. Discussion

The findings of this study demonstrate a high occurrence of vector-borne
hemopathogens in naturally infected female dogs in the municipality of Belo Horizonte, Minas
Gerais, Brazil. It is emphasized that the city is considered an endemic area for a large part of
the investigated agents, which contextualizes the high detection rate observed. However, this
pattern contrasts with the absence of positivity for Leishmania spp., whose infection is
frequently identified in dogs in the region. Such a discrepancy may be related to the type of
sample used, as whole blood may present lower diagnostic sensitivity for this protozoan,
especially with the primers employed, or low parasitemia at the time of collection. A positivity
exceeding 95% was reported in the direct detection of Leishmania sp. in samples of bone
marrow, spleen, mesenteric lymph nodes, and ear skin from dogs in another municipality in
Minas Gerais. Notably, 36.6% of the animals analyzed were asymptomatic, despite the presence
of parasites in tissues such as the skin Lopes et al. (2020) . Our findings would possibly be
distinct if skin fragments from the animals were included in the molecular analyses.

For the family Anaplasmataceae, the main infecting agents reported in Belo Horizonte
are E. canis, with a prevalence between 36% and 50%, and A. platys, ranging between 4.1%
and 17.2% (Costa-Junior et al., 2013). This last hemobacterium exhibits tropism for platelets,
being the etiological agent of infectious cyclic thrombocytopenia (Breitschwerdt et al., 2014),
and although many animals remain without evident clinical signs for this disease,
manifestations such as lethargy, decreased or lost appetite, weight loss, fever, petechiae, and
episodes of epistaxis have already been described (Diniz e Aguiar, 2022).

In our study, 72.54% of the pregnant female dogs were positive for the genus Anaplasma
by generic nPCR in whole blood, with this reaction being capable of amplifying different
species of the genus. However, only 13.51% of these samples amplified in the specific nPCR
for A. platys, possibly due to the lower sensitivity of these reactions. The positivity in placental
tissues of the same female dogs was 47.05%, reinforcing the possibility of transplacental
transmission.

The vector route, mediated by the tick R. sanguineus sensu lato, is considered the main
form of A. platys transmission; however, the vertical transmission of this agent has already been
described by Latrofa et al. (2016),who detected A. platys DNA in fetal spleen and liver samples
from five stillborn dogs in Italy. Corroborating this result, in our study, Anaplasma sp. infection
was identified in 77.27% of the organ pool samples (the same organs) from stillborns, with
specific positivity for A. platys in 31.81% of them. We found only 2.27% positivity for

Anaplasma sp. by generic nPCR in whole blood samples from neonates, and this result is
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possibly associated with the choice of biological material type used in the analysis. The low
quantity of blood impregnated on filter paper may have contributed to the underestimation of
this index.

Belonging to the same genus, A. phagocytophilum is an intracellular rickettsia with
tropism for granulocytic cells, being the etiological agent of Human Granulocytic Anaplasmosis
(HGA). This pathogen has a worldwide distribution, and its seropositivity frequency in dogs
reached 42.8% in the city of Belo Horizonte Silveira et al. (2017), where there is also a report
of coinfection by A. phagocytophilum and E. canis in a female dog (Silveira et al., 2015),
highlighting the relevance of canine exposure to this agent. However, in our study, none of the
female dogs evaluated were positive for A. phagocytophilum. Furthermore, to our knowledge,
there are no records in the literature of vertical transmission in dogs associated with this agent,
which is consistent with our findings, which also did not evidence its presence in any of the
analyzed materials. Nevertheless, transplacental transmission of A. phagocytophilum has
already been experimentally demonstrated in sheep in Norway, with the detection, by PCR, of
the agent in brain and spleen samples from neonates, listing this as a possible route of
transmission (Reppert et al., 2013).

Transplacental transmission of Babesia in dogs has already been documented in
countries such as Japan, where B. gibsoni was associated with fatal infection in four puppies
(Fukumoto et al., 2005). However, no description of this transmission route has been reported
for B. vogeli, thus positioning the present study as the first to describe the vertical transmission
of this protozoan, to our knowledge. The nPCR for piroplasmids, which covers all Babesia
species, detected infection in 77.27% of the organ pools and in 18.18% of the neonate whole
blood samples. In turn, the specific cPCR to B. vogeli, which is less sensitive, showed detection
rates of 13.63% and 25%, respectively, for the same sample types, confirming the occurrence
of a new transmission route for this agent.

In pregnant female dogs, the detection of B. vogeli in whole blood and placental samples
was 28.57% and 21.87%, respectively. It is noted that these values may have been minimized
due to the sensitivity limitations associated with the specific primers employed. Although cases
associated with B. gibsoni have been reported in the South of the country (Braccini et al., 1992;
Trapp et al., 2006), B. vogeli is the main agent of canine babesiosis in Brazil, infecting up to
42% of dogs with hemopathogens in Belo Horizonte (Bastos et al., 2004). These data are
consistent with the positivity percentage observed in the present study and reinforce the

importance of monitoring this hemopathogen, especially considering that, in puppies or
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immunosuppressed animals, its pathogenicity tends to be more severe, characterized by the
invasion and destruction of erythrocytes, culminating in hemolytic anemia (Castro et al., 2020).

Our study revealed an occurrence of 70.58% of hemotropic Mycoplasma spp. among
the tested pregnant female dogs. These hemobacteria have been described as parasitizing dogs
in various parts of the world, including Brazil (Silva-Santos et al., 2014; Alves et al., 2014),
and the main species affecting these animals are Mycoplasma haemocanis and Ca. M.
haematoparvum (Tasker, 2020). A positivity frequency of 2.06% (9/437) for M. haemocanis
in dogs was reported in Rio de Janeiro, Brazil. Barbosa et al., 2021, and emphasize that the
prevalence of this species is higher in the country when compared to Ca. M. haematoparvum.
These findings contrast with the results of our study, which identified 72.2% positivity for Ca.
M. haematoparvum and 11.11% for M. haemocanis. It is important to highlight that the study
by Barbosa et al did not include testing for Ca. M. haematoparvum, which limits direct
comparison with our data, which contemplated both agents. However, the same study (Barbosa
et al. 2021), documents that the presence of wild animals and rodents was statistically associated
with the Mycoplasma spp. PCR positivity status in dogs. This correlation corroborates our
study, where the phylogenetic analysis clustered the detected sequences with others described
in hedgehogs and rodents in Brazil, indicating that different animal species possibly share this
strain of the agent and the possible vectors responsible for its transmission. It is worth noting
that R. sanguineus sensu lato (s.l.) is pointed out as a vector of M. haemocanis (Wengi et al.,
2008), with its experimental transmission confirmed in the country by Seneviratna et al. (1973).
The tropical lineage of this tick, recently recognized as R. linnaei, is highly prevalent in Brazil
and is a proven biological vector for B. vogeli in dogs.

Vertical transmission of M. haemocanis was suggested by Lashnits et al. (2019), who
reported a neonate positive by PCR for M. haemocanis from the first to the fifth month of life.
However, the authors could not exclude the possibility of vector transmission of the agent. In
our study, no puppy was positive for M. haemocanis. However, one organ pool (1/7) tested
positive for Ca. M. haematoparvum, as did 12 (12/44) whole blood samples from newborns up
to five days of age. Similarly, Andrade et al., (2024) found 42.75% positivity for
Mycoplasma sp. using whole blood samples and no positivity in brain and spleen pools from
236 calves in Divinopolis, Minas Gerais, Brazil, reaffirming whole blood as an eligible material
for this diagnosis. To our knowledge, these findings position the present study as the first to
demonstrate the vertical transmission of Ca. M. haematoparvum in dogs.

All puppies included in the study had samples collected up to five days of age, which

makes vector transmission unfeasible, considering the incubation period of most of the
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pathogens investigated. The presence of the agents in placental tissues and stillborn puppies
reinforces the probability of transplacental transmission. However, it is also necessary to
investigate the possibility of vertical transmission of the agents through the nursing of neonate
puppies, a route under investigation for L. infantum. DNA of this agent has already been
detected in the milk of naturally infected lactating female dogs, and amastigote forms were
observed in the lumen of the mammary gland, suggesting that the parasite may be present in
this biological fluid and transmitted to the puppies (Boechat et al., 2016; Ribeiro et al., 2022).

Fetal infection via the transplacental route can occur through blood extravasation at the
maternal-fetal interface, followed by phagocytosis of infected cells or infectious agents by
trophoblasts in the hematophagous marginal zone—a mechanism analogous to the
erythrophagocytosis and iron endocytosis described in the endotheliochorial placenta of dogs
(Oliveira et al., 2012).

In the positive litters of this research, variation in the occurrence of infection was
observed. In some litters, such as those infected with Anaplasma sp., all stillborns were affected;
while in others, only one puppy in the litter showed infection for Mycoplasma sp. This finding,
detailed in the supplementary material, confirms the absence of a uniform pattern of infection,
while raising the hypothesis that infections may be associated with the low Apgar score of some
newborns or the mortality of only some puppies within the same litter. However, additional
studies with comparative clinical evaluations between hemopathogen-infected and uninfected
puppies are needed to confirm or refute this hypothesis.

Coinfections were found in all materials and for all agents. In the female dogs' blood,
the most frequent coinfection included Anaplasma, Babesia, and Mycoplasma sp. (31.37%), as
well as in the organ pools (46.15%). In the placentas, Anaplasma and Babesia (26.19%) were
prominent, and in the puppies' blood, Mycoplasma and Babesia spp. The findings highlight
Babesia sp. infection as one of the most frequently found, a fact that agrees with studies
addressing this agent in Minas Gerais (Bastos et al., 2004; Costa-Janior et al., 2009.
Furthermore, the sharing of vectors among hemopathogens directly contributes to the
occurrence of these multiple infections, which can hinder diagnosis due to cross-reactions and
complicate the treatment of infected animals. It is worth noting that the findings regarding
infection by E. canis isolated were detailed in a previous study (Pereira et al., 2025).

Some limitations of this study include the absence of detailed information on the history
of the pregnant female dogs involved, as well as the lack of longitudinal monitoring of the litters
to evaluate the clinical development of vertically infected puppies. Furthermore, it is possible

that a larger number of puppies were infected, but presenting parasite loads below the detection
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limit of the primers used in the PCRs. Other factors, such as the choice of genetic marker, the
sensitivity of the assays, and the quality or type of biological samples, may also have influenced
the pathogen's detection capacity. Future studies should investigate variations in parasitemia
during the gestation of female dogs, analyze the clinical history and environment where the
animals involved in the study are kept, and monitor the litters to evaluate the development of
infected puppies. It is also important to use multiple genetic markers and incorporate serological
methods. These approaches will contribute to deepening the knowledge of infectious processes
in pregnant female dogs and clarifying with greater precision the role of vertical transmission
in the epidemiology of hemoparasitoses.

5. Conclusion

Based on the results of this study, the vertical transplacental transmission of A. platys,
B. vogeli, and Ca. M. haematoparvum from infected female dogs to their puppies proves
possible, being described for the first time for the latter two agents. These findings confirm
this transmission route, without the participation of the biological vector, and highlight a new
challenge for the development of effective strategies to control vector-borne diseases.
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Abstract

Understanding the factors that modulate hematological changes in pregnant female dogs is
essential for disease prevention, the maintenance of maternal-fetal health, and the reduction of
the risk of vertical pathogen transmission. However, knowledge about the influence of
hemopathogen infection on gestation in female dogs and on the specific hematological
alterations during this physiological period still presents gaps. Thus, this study aimed to
investigate hematological changes in female dogs during their antepartum period and their
possible association with hemopathogen infections. Forty-three hemograms from pregnant
female dogs were analyzed, 100% (43/43) of which had a positive molecular diagnosis for at
least one of the following hemopathogens: Ehrlichia spp., Anaplasma spp., Babesia spp., and
hemotropic Mycoplasma. Among the evaluated animals, 36.36% (16/43) presented anemia,
40.90% (18/43) leukocytosis, 45.45% (20/43) thrombocytosis, and 63.63% (28/43)
monocytosis. Coinfections were frequent, occurring in 83.72% (36/43) of the positive samples

with statistical significance. Notably, statistical tests revealed significant differences in
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Reticulocyte count and Mean Corpuscular Hemoglobin (MCH) associated with hemotropic
Mycoplasma infection, and in Lymphocyte count associated with Ehrlichia infection. This
study provides the first description of hematological changes in pregnant female dogs infected
with hemopathogens, establishing an initial reference for the comparison of future hemograms
of females in these physiological conditions. Furthermore, it opens avenues to investigate
whether the observed alterations result from gestation, infection, or the combination of both
factors, and emphasizes the importance for veterinarians to consider the possible influence of

hemopathogens on the hematological profile of pregnant female dogs.

Keywords: Ehrlichia canis, Anaplasma platys, Babesia vogeli, hemotropic Mycoplasma, PCR,

complete blood count, pregnant dog.

1. Introduction

The gestation period in female dogs is a multifaceted biological condition, marked by
hormonal, immunological, and metabolic adaptations aimed at ensuring adequate support for
fetal development [1]. The gestation time in female dogs can range from 57 to 72 days,
encompassing the period from the first copulation until the moment of parturition, and may vary
according to factors such as breed and litter size [2].

Alterations in hematological parameters may occur during gestation, sometimes
extending until the antepartum period [3], which can complicate the interpretation of blood
tests, especially in identifying diseases or disorders that arise during this period. Cases of
normocytic and normochromic anemia in pregnant female dogs have already been described
[4], as well as the gradual increase in the number of leukocytes, which can double relative to
pre-gestational levels at the time of parturition [5]. However, it is not yet known how many
infectious processes during this period may intensify or shape these alterations.

The parturition of a female dog can last from 6 to 12 hours, potentially extending up to
36 hours or more in primiparous female dogs [6]. However, dystocia is a significant
reproductive complication that often results in surgical intervention. The literature establishes
that certain breeds, especially brachycephalic ones, present cesarean section rates that can
exceed 80% due to cephalopelvic disproportion [7]; furthermore, emergency cesarean section
is frequently necessary in cases of uterine inertia or failure in the clinical treatment of dystocia
[8], which justifies the high incidence of this procedure in veterinary hospitals. The antepartum

period is considered one of the moments of greatest stress for both the pregnant [9] potentially



82

predisposing to immunosuppression and favoring the emergence of clinical signs resulting from
the reactivation of latent pathogens [5], including the agents responsible for hemoparasitoses.

Hemopathogens, in turn, represent a diverse group of infectious agents capable of
causing diseases in companion animals. They have the tropical lineage brown dog tick,
Rhipicephalus sanguineus: Rhipicephalus linnaei, as their main biological vector, and present
a relevant challenge within the context of One Health due to their zoonotic potential [10]. In
Brazil, the main hemopathogens that affect dogs are the protozoa of the genus Babesia and the
rickettsiae of the genera Anaplasma and Ehrlichia [11]. In addition to these, hemoplasmas, also
known as hemotropic Mycoplasmas, infect the erythrocytes of vertebrate hosts, including dogs,
being generally asymptomatic and with a poorly elucidated transmission route [12].

The hematological changes most reported in cases of hemoparasitosis are anemia and
thrombocytopenia [13]. Despite the existence of studies addressing hematological and
biochemical changes in pregnant female dogs, these investigations are still limited [14,4 and
15]. Furthermore, no studies were found that relate these changes to the presence of
hemopathogens, which highlights a gap in scientific knowledge on this subject. Therefore, the
present study aims to describe the hematological parameters of female dogs naturally infected
with hemopathogens, during their antepartum period.

2. Materials and Methods
The present study included 43 pregnant female dogs, whose characteristics (breed and
age group) are detailed in Table 1.

Table 1. Mean, standard deviation, minimum, and maximum values of the ages referring to the

female dogs included in the study.

Breeds of the female N Mean age (in years) + Maximum Minimum
dogs DP (years) (years)

American Bully 22 2410 50 L0
Bulldog Inglés 2

1.5+0.7 2.0 1.0

Chihuahua 1 1.0+1.0 1.0 1.0
Cavalier King Charles .

Spaniel 3.0£3.0 3.0 3.0

Cane Corso 1 20+20 20 20
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Yorkshire Terrier 4 33+1.3 5.0 2.0
Staffordshire Bull
Terrier 3 20+12 3.0 1.0
Golden Retriever 7 34+15 5.0 2.0
Chow Chow 2 15+0.7 2.0 1.0

The samples were obtained by convenience sampling at a private veterinary hospital
located in Belo Horizonte, Minas Gerais, Brazil (19°50'45"S, 43°58'21"W). No pre-established
criteria were applied for the selection of animals, which were included regardless of their breed,
age, or parity, reflecting the patient population received by the hospital. However, for this study,
we selected only female dogs positive for any of the agents investigated. All female dogs were
admitted for cesarean section surgery at the facility, either due to racial predispositions that
made natural birth unfeasible, or as a result of complications associated with difficulty in
spontaneous delivery. In the pre-procedure evaluation, veterinarians did not report any clinical
alterations or ectoparasitism in the animals.

Upon obtaining informed consent from the owners, whole blood samples from the
animals were collected via jugular venous puncture, at the pre-anesthetic moment for the
cesarean section, using sterile vacuum tubes containing the anticoagulant EDTA
(Ethylenediamine tetra acetic acid). Part of the material was used for hematological analyses,
while the remainder was properly stored at -20 °C until the genetic material was extracted for
molecular diagnosis of hemopathogens. The collections were performed during the months of
March and December 2024.

The study was submitted to and approved by the Ethics Committee on Animal Use of
the Federal University of Minas Gerais, Brazil (CEUA/UFMG) under protocol n° 206/2024.
2.1 Hematological Analysis

Hematological analyses were performed in the hospital's in-house laboratory using the
IDEXX ProCyte One automated analyzer (IDEXX Laboratories Inc., Westbrook, ME, USA),
which employs impedance methods to determine the concentration of leukocytes, erythrocytes,
and platelets. Hematological parameters were evaluated based on the reference intervals
described by [16] and [17] . To analyze the occurrence of anemia in the female dogs, the
hematocrit (HCT), with reference values between 37.3% and 61.7%, the red blood cell count
(RBC), with an interval of 5.65 to 8.87 million/ul and the hemoglobin concentration (HGB),

ranging between 13.1 and 20.5 g/dL, were considered. The bone marrow's responsiveness to
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anemia was assessed by the reticulocyte count (RETIC), considering the interval of 10 to 110
K/ul.

For the platelet count (PLAQ), the interval of 148 to 484 K/ul was adopted, while the
total leukocyte count (WBC) followed reference values between 5.05 and 16.76 K/ul.
Furthermore, hematological counts were confirmed by the blood smear examination, used to
verify the actual platelet count and evaluate cell morphology, reducing potential errors resulting
from platelet aggregation. The smear also allowed for the observation of young cells, such as
band neutrophils, and the visualization of intracellular hemoparasites, including forms
compatible with Anaplasma platys, Ehrlichia canis, and Babesia vogeli, complementing the
laboratory analyses and reinforcing diagnostic accuracy.

2.2 Molecular Analysis

Molecular analyses for the detection of hemopathogens were conducted at the
Laboratory of Veterinary Protozoology (ProtoVet) affiliated with the Federal University of
Minas Gerais (UFMG). DNA was extracted from 300ul of blood using the Wizard Genomic
DNA Purification Kit (Promega, Madison, WI, USA) according to the manufacturer's
instructions. The quality and quantity of the extracted genetic material were evaluated using a
NanoDrop spectrophotometer (Epoch Microplate Spectrophotometer, Biotek, Winooski,
Vermont, USA).

The presence of PCR inhibitors was ruled out by the amplification of a fragment of the
glyceraldehyde-3-phosphate dehydrogenase (gapdh) gene present in mammals, as described by
[18]. Additionally, nested-PCR (nPCR) reactions were conducted to detect agents of the Order
Piroplasmida, genus Babesia, and also for hemobacteria of the genera Anaplasma spp. and
Ehrlichia spp., while conventional PCR (cPCR) reactions were used to generically identify
Mycoplasma sp. Detailed information on the agents investigated, target genes, primer
sequences, amplicon sizes, and respective references are presented in Table 2.

Table 2. Primer sequences that were used to identify genera of rickettsiae, genus of protozoa, and

hemoplasmas.

Primer Targ Fragme Refere
Agents Sequences (5°-3’)
S et nt (bp)  nce
CGGGATCCAACCTGGTTGATC  18S
) o 1st RIB-19
Piroplasmi ) CTGCCC rRN
Reacti 1700 [19]
da GAATTCCTTGTTACGACTTCT A
on RIB-20

C gene



2nd
Reacti

on

1st
Reacti

on
Ehrlichia

sp.
2nd

Reacti

on

1st
Reacti
Anaplasm  oOn
a sp.
2nd
Reacti

on

Hemotropic

Mycoplasma

Gliceraldeido-3-
fosfato

desidrogenase
(gapdh)

BABru

mF

BABru
mR

N516S
CH1F

N516S
CH1R

N516S
CH2F

N516S
CH2R

GE3a

GE10r

GEOf

GE2

HBTF

HBTR

GAPD
HF
GAPD
HR

ACCTCACCAGGTCCAGACAG

GTACAAAGGGCAGGGACGTA

ACGGACAATTGCTTATAGCCT
T

ACAACTTTTATGGATTAGCTA
AAT

GGGCACGTAGGTGGACTAG

CCTGTTAGGAGGGATACGAC

CACATGCAAGTCGAACGGAT
TATTC
TTCCGTTAAGAAGGATCTAAT
CTCC
AACGGATTATTCTTTATAGCT
TGCT
GGCAGTATTAAAAGCAGCTC
CAGG
ATACGGCCCATATTCCTACG

TGCTCCACCACTTGTTCA

CCTTCATTGACCTCAACTACA

T
CCAAAGTTGTCATGGATGACC

18S
rRN

gene

16S
rRN

gene

16S
rRN

gene

16S
rRN

gene

16S
rRN

gene

16S
rRN

gene

gapd

gene

430

1195

443

932

546

618

400

[20]

[21]

[21]

[22]

[22]

[23]

[18]
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In all molecular assays, the reaction mixture for the first PCR round contained 5.0 pL
of GoTag® Green Master Mix (Promega, Madison, WI, USA), 0.4 uL of a mixed primer
solution (10 mM), and 3.6 pL of nuclease-free water. A volume of 1.0 pL of total DNA was

added to the reaction mixture to obtain a final volume of 10 puL. The reaction mixtures for the

second-round (nested) PCR assays were similar, except that the template consisted of 1.0 pL of

the PCR product from the first reaction. DNA samples previously confirmed as positive for the
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target pathogens by sequencing were used as positive controls. PCR amplicons were separated
by electrophoresis on a 1.5% agarose gel (40 min; 100 V), stained with GelRed™ (Biotium,
Hayward, CA, USA), and visualized under ultraviolet light.

2.3 Statistical Methodology and Data Analysis

To ensure the consistency of the database, the variables were subjected to a screening
process and standardization of decimal separators, resulting in a final set composed of 43 female
dogs with complete information.

All statistical analyses were conducted in the R software (version 4.4.2), using the
RStudio development environment -version 2025.09.1+401- (R Core Team, 2016). The main
packages used included tidyverse (for data manipulation and organization), FactoMineR and
factoextra (for multivariate analyses), pheatmap (for heatmap visualization), and vegan (for
diversity analyses). The initial inspection of the data verified the organization of the variables
and the adequacy of their distributions [25, 26, 27 and 28].

Inferential analysis began with the inspection of the normality distribution of each
quantitative variable. The choice of the comparative test was automated based on this result:
for variables that presented a normal distribution, the Student's T-Test was applied for
comparison of means between infected and non-infected groups; otherwise, the Mann—Whitney
Test was used. The level of significance for determining statistical differences was set at P <
0.05.

Based on the results of the mean tests, a separate Principal Component Analysis (PCA)
was constructed for each hemopathogen, with the aim of reducing data dimensionality and
visualizing dispersion. The PCA plots included 95% confidence ellipses that indicated the
dispersion and possible overlap between the groups [27].

For the coinfections, analyses were performed using the vegan package: modeling and
a PERMANOVA (adonis2) to evaluate the joint effect and the interactions between the four

hemopathogens.

3. Results

3.1 Molecular Tests and Hematological Indices Analysis

The molecular assays revealed a high positivity rate. Coinfections were frequent,
occurring in 83.72% (36/43) of the positive samples. Among the genus-directed tests, the
exclusive positivity for Babesia was 6.97% (3/43), while for hemotropic Mycoplasma it was

9.30% (4/43). No animal showed exclusive positivity for Anaplasmaor Ehrlichia.
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The most prevalent coinfection involved the genera Anaplasma, Babesia, and
Mycoplasma, observed in 36.11% (13/36) of the cases, followed by the simultaneous presence
of all four genera in 22.22% (8/36). Coinfections involving two pathogens corresponded to
30.55% (11/36) of the positive samples. No associations were observed between Anaplasma
and Ehrlichia, Mycoplasma and Ehrlichia, or between Anaplasma, Ehrlichia, and Mycoplasma.
Table 3 presents the detailed distribution of single infections and coinfections identified in this
study.

Table 3. Distribution of single infections and coinfections by hemopathogens detected in the 43

pregnant female dogs analyzed by PCR.

Infected females /

Hemopathogen
Total female dogs
Anaplasma sp. 31/43
Babesia sp. 37/43
Ehrlichia sp. 13/43
Mycoplasma hemotropico 31/43
Coinfected animals / Total coinfections
Ana+Ehr+Bab+Myc 8/36
Ana+Ehr+Bab 1/36
Ana+Bab+Myc 13/36
Ehr+Bab+Myc 3/36
Ana+Bab 7136
Ana+Myc 2 /36
Ehr+Bab 1/36
Bab+Myc 1/36
Monoinfected female dogs
Babesia sp 3 Females
Mycoplasma hemotropico 4 Females

The descriptive analysis of the hematological parameters showed that 31.43% (12/37)
of the female dogs positive (n=37) for Babesia presented values below the reference limits for
the parameters used in classifying anemia—total red blood cell count, hematocrit, and
hemoglobin concentration. Among the animals negative (n=7) for this agent, 8.10% (3/7)

presented reduced values in these same indices. In the leukogram, 56.75% (21/37) of the
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positive female dogs presented leukocytosis, indicating an increase in the total leukocyte count.
Among the negative animals, only 8.10% (3/7) exhibited an elevation in the number of these
defense cells. Additionally, 43.24% (16/37) of the positive female dogs presented an increase
in platelet count above the reference values. Table 4 reflects the variation of these indices for
the groups of animals infected and uninfected with Babesia spp.

Table 4. Mean, standard deviation, and minimum and maximum values of the hemogram, leukogram,

and platelet concentration in the group of female dogs positive and negative for Babesia spp.

Average ] o
+DP Maximum Minimum
Value Value
Variable Reference
Infected Infected Infected Interval
Non — Non —infected | Non — infected
infected
Red Blood Cells (RBC) 56%0.7 7.0 4,1 5.65 - 8.87 M/ul
50+1.4 6.8 3,0
Hematocrit (HCT) 38.1+£49 50.0 27,8 37.3-61.7%
33.3+£78 44.1 21,5
Hemoglobin (HGB) 13917 17.6 9,9 13.1 - 20.5¢/dl
12.3+3.1 16.5 8,0
Reticulocytes (RETIC) | 95.7+71.3 428.3 33,9 10 - 110K/l
67.4+£185 94.2 35,4
Platelets (PLAQ) 481.7 + 846.0 55,0 148 - 484K/ul
160.8
409.3 + 543.0 112,0
139.7
White Blood Cells 15.2+4.5 23.9 7,4 5.05 - 16.76K/ul
(WBC) 13.6+6.1 21.0 55
Neutrophils (NEUT) 12.0+4.1 20.6 7.4 2.95 - 11.64K/ul
9.8+5.2 16.5 1,8
Monocytes (MONO) 20+19 11.2 0,7 0.16 - 1.12 K/ul
1.2+0.8 2.6 0,3
Lymphocytes (LYMP) 1.5+0.6 2.7 0,6 1.05 - 5.10K/ul
1.9+0.9 3.1 0,9
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Among the female dogs positive for Anaplasma(n = 31), hematological alterations were
observed, with 35.48% (11/31) presenting anemia and 32.26% (10/31) demonstrating a
regenerative response. Platelet alterations were also frequent, notably thrombocytosis in
54.83% (17/31) of the cases. In the leukogram, 35.48% (11/31) exhibited leukocytosis due to
neutrophilia. Among the negative female dogs (n = 13), anemia was present in 38.46% (5/13)
of the animals, a regenerative response in 15.38% (2/13), and thrombocytosis in 23.07% (3/13).
Regarding leukocytes, 61.53% (8/13) presented leukocytosis and 53.84% (7/13) monocytosis.
Table 5 shows the mean values of the indices between female dogs infected and uninfected with
Anaplasmaspp.

Table 5. Mean, standard deviation, and minimum and maximum values of the hemogram, leukogram,

and platelet concentration in female dogs positive and negative for Anaplasma spp.

Average + . .
Maximum Minimum
DP
Value Value
_ Reference
Variable
Interval
Infected Infected Infected
Non — Non — infected Non — infected
infected
Red Blood Cells (RBC) 5.6 +0.7 6.8 4.1 5.65 - 8.87 M/ul
53+1.1 7.0 3.0
Hematocrit (HCT) 38.0+£5.3 50.0 27.8 37.3-61.7%
35.6 +6.4 43.0 215
Hemoglobin (HGB) 139+19 17.6 9.9 13.1 - 20.5¢/dl
13.3+25 16.0 8.0
Reticulocytes (RETIC) | 98.6 £75.0 428.3 33.9 10 - 110K/l
73.4+35.6 144.3 34.5
Platelets (PLAQ) 483.5 846.0 55.0 148 - 484K/ul
177.4
438.5 +98.3 599.0 302.0
White Blood Cells 148+4.4 23.9 7.4 5.05 - 16.76K/ul
(WBC) 15.3+5.6 23.2 5.5
Neutrophils (NEUT) 11.6 +3.9 20.6 4.2 2.95 - 11.64K/ul
11.7+£5.2 19.7 1.8
Monocytes (MONO) 21+21 11.2 0.7 0.16 - 1.12 K/ul
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1.4+0.7 2.5 0.3
Lymphocytes (LYMP) 1.5+£05 2.7 0.6 1.05 - 5.10K/ul
1.7+0.8 3.1 0.7

In female dogs positive for Ehrlichia (n = 13), the most frequent hematological alterations were

leukocytosis, thrombocytosis, and monocytosis, all observed in 53.84% (7/13) of the animals. Anemia

and reticulocytosis occurred in 46.15% (6/13). Among the 31 negative female dogs, similar alterations
were observed, notably monocytosis in 70.96% (22/31), thrombocytosis in 41.93% (13/31), and
leukocytosis in 38.70% (12/31). Anemia was identified in 32.25% (10/31) and reticulocytosis in 19.35%
(6/31). Table 6 shows the mean values of the indices between female dogs infected and uninfected with

Ehrlichia spp.

Table 6. Mean, standard deviation, and minimum and maximum values of the hemogram, leukogram,

and platelet concentration in female dogs positive and negative for Ehrlichia spp.

Average * . -
Maximum Minimum
DP
Value Value
) Reference
Variable
Interval
Infected Infected Infected
Non — Non — infected Non — infected
infected
Red Blood Cells (RBC) 55+0.8 7.0 4,1 5.65 - 8.87 M/ul
55+0.9 6.8 3,0
Hematocrit (HCT) 36.6 £4.5 43.0 27,9 37.3-61.7%
37.6+6.1 50.0 215
Hemoglobin (HGB) 13.6+1.6 16.0 10,7 13.1 - 20.5¢/dl
13.7+2.2 17.6 8,0
Reticulocytes (RETIC) 1178 £ 428.3 34,5 10 - 110K/l
102.6
80.0+41.0 198.2 33,9
Platelets (PLAQ) 461 +193.3 846.0 55,0 148 - 484K/ul
4740 + 811.0 112,0
144.7
White Blood Cells 16.7+4.6 23.9 7,6 5.05 - 16.76K/ul
(WBC) 142 +4.6 21.8 55
Neutrophils (NEUT) 13.5+4.3 20.6 2,7 2.95 - 11.64K/ul
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10.8+4.1 16.6 1,8

Monocytes (MONO) 1.4 +0.6 2.7 0,7 0.16 - 1.12 K/ul
21+2.1 11.2 0,3

Lymphocytes (LYMP) 1.3+0.7 2.7 0,6 1.05 - 5.10K/ul
1.7+0.6 3.1 0,7

In the group of female dogs positive for hemotropic Mycoplasma (n = 31),
hematological alterations were observed in different parameters. Of these, 38.7% (12/31)
presented anemia, 35.48% (11/31) reticulocytosis, and 54.8% (17/31) showed thrombocytosis,
while only one female dog (3.2%) presented thrombocytopenia. Monocytosis was one of the
most frequent alterations, occurring in 70.9% (22/31) of the positive animals, and lymphopenia
was observed in 29.0% (9/31). Among the negative female dogs (n = 13), 30.7% (4/13)
presented anemia and 46.1% (6/13) leukocytosis; no negative animal presented leucopenia, and
monocytosis was recorded in 69.2% (9/13) of the samples. Table 7 shows the mean values for
these indices in the group infected and uninfected with hemotropic Mycoplasma.

Table 7. Mean, standard deviation, and minimum and maximum values of the hemogram, leukogram,

and platelet concentration in female dogs positive and negative for hemoplasmas.

Average * ] o
Maximum Minimum
DP
Value Value
] Reference
Variable
Interval
Infected Infected Infected
Non — Non — infected Non — infected
infected
Red Blood Cells (RBC) 5.4+0.8 7.0 3.0 5.65 - 8.87 M/ul
56+1.0 6.7 3.6
Hematocrit (HCT) 36.6 5.1 441 215 37.3-61.7%
38.9+6.8 50.0 25.7
Hemoglobin (HGB) 13.6+1.8 16.5 8.0 13.1 - 20.5¢/dl
13.9+27 17.6 8.3
Reticulocytes (RETIC) | 103.3 +74.6 428.3 33.9 10 - 110K/ul
621 +24.9 142.2 43.1
Platelets (PLAQ) 494.0 £ 846.0 112.0 148 - 484K/ul
155.4
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413.2 + 676.0 55.0
156.2

White Blood Cells 15.3+4.8 23.9 55 5.05 - 16.76K/ul
(WBC) 14.0 + 4.7 20.0 5.7

Neutrophils (NEUT) 11.9+43 20.6 1.8 2.95 - 11.64K/ul
11.0+4.4 16.2 4.2

Monocytes (MONO) 16+£1.2 6.7 0.5 0.16 - 1.12 K/ul
25128 11.2 0.3

Lymphocytes (LYMP) 1.6 +0.7 3.1 0.6 1.05 - 5.10K/ul
1.5+05 2.3 0.6

Finally, for the coinfected animals (n=36), the analysis showed wide variability,
presenting a mean red blood cell count below the reference value. The hematocrit (HCT) and
hemoglobin (HGB) values were within the normal range; however, the presence of minimum
HCT values at 25.7% and HGB at 8.3 g/dL confirms cases of anemia, with a wide dispersion
indicated by the elevated standard deviation (SD). The same pattern occurred with the numbers
related to reticulocytes.

In the white blood cell lineage, the mean leukocyte count (WBC) exceeded the maximum
reference limit, characterizing an average leukocytosis. This increase was primarily attributed
to neutrophils and monocytes, whose means exceeded the maximum reference limit. The mean
platelet count was close to the maximum limit of the reference interval, with discrepant
maximum and minimum values evidencing the simultaneous presence of cases of severe
thrombocytopenia and thrombocytosis, as demonstrated in Table 8.

Table 8. Mean, standard deviation, and minimum and maximum values of the hemogram, leukogram,

and platelet concentration in female dogs coinfected with more than one hemopathogen.

Average * ) o
) Maximum Minimum Reference
Variable DP
Value Value Interval
Red Blood Cells (RBC) 55+0.8 7.0 3.6 5.65 - 8.87 M/ul
Hematocrit (HCT) 37.7+53 50.0 25.7 37.3-61.7%
Hemoglobin (HGB) 13.8+2.0 17.6 8.3 13.1 - 20.5¢/dl
Reticulocytes (RETIC) | 94.5+70.7 438.3 33.9 10 - 110K/l
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Platelets (PLAQ) 473.4 846.0 55.0 148 - 484K/ul
168.2
White Blood Cells 17.3+4.0 23.9 13.6 5.05 - 16.76K/ul
(WBC)
Neutrophils (NEUT) 115+4.2 20.6 4.2 2.95 - 11.64K/ul
Monocytes (MONO) 1.9+20 11.2 0.3 0.16 - 1.12 K/ul
Lymphocytes (LYMP) 1.5+0.6 2.7 0.6 1.05 - 5.10K/ul

3.2 Statistical Tests

The comparison of means tests (Student's t-test and Mann-Whitney) revealed that

hemopathogen infection is associated with significant alterations in specific hematological

parameters. For Ehrlichia, a significant difference was observed in the Lymphocyte count

(LYMP), with positive animals presenting reduced values. Anaplasma infection demonstrated

a significant increase in Mean Corpuscular Hemoglobin Concentration (MCHC, P = 0.028),

while hemotropic Mycoplasma presented a statistically significant elevation in Reticulocytes
(RETIC, P = 0.008) and Mean Corpuscular Hemoglobin (MCH, P = 0.012). No other

hematological variable presented a statistically significant difference between the groups (Table

9).

Table 9. P-values of the Student’s t-tests and Mann—Whitney tests in the evaluation of hematological

variables per hemopathogen.

Ehrlichia sp Babesia sp Anaplasmasp Mycoplasma
hemotopico
Variavel Teste P- Teste P- Teste P- Teste P-
valor valor valor valor
RBC T —test | 0.9026 T- test 0.3412 T-test 0.3851 T-test 0.4808
HCT T — test 05426 T- test 0.1659 T-test 0.2456 T-test 0.29
HGB Mann- 0.6249 T-test | 0.2182 Mann- 0.69 T-test 0.7119
Whitney Whitney
VCM Mann- 0.6618 Mann- | 0.2895 Mann- 0.5368 Mann- 0.3218
Whitney Whitney Whitney Whitney
HCM Mann- 0.8773 Mann- | 0.2682 Mann- 0.1165 Mann- | 0.0126*
Whitney Whitney Whitney Whitney
CHCM T—test | 0.7068 Mann- | 0.3948 T-test 0.0283* | Mann- 0.2415
Whitney Whitney




94

RETIC Mann- 0.2367 Mann- | 0.5421 | Mann- 0.3283 Mann- | 0.0087*

Whitney Whitney Whitney Whitney
PLAQ T - test 0.8297 Mann- | 0.4131 T-test 0.2899 T-test 0.1314
Whitney
WBC T- test 0.1146 T-test 0.5485 | Mann- 0.5036 T-test 0.4276
Whitney

NEUT T — test 0.0668 T-test 0.336 T-test 0.9702 T-test 0.5567
MONO Mann- 0.3283 Mann- 0.2415 Mann- 0.4104 Mann- 0.3095

Whitney Whitney Whitney Whitney
LYMP Mann- | 0.0236* | Mann- | 0.2896 | Mann- 0.6069 Mann- 0.9765
Whitney Whitney Whitney Whitney

Despite the punctual statistical differences, the Principal Component Analyses (PCA)
did not evidence clear separations or groupings between the positive and negative samples for
each hemopathogen within the hematological dataset (Figure 1).
Figure 1. PCA analyses performed to verify groupings between positive and negative samples for each

hemopathogen: A (Anaplasma); B (Babesia); C (Ehrlichia), D (Mycoplasma).

Regarding coinfections, the variable with the lowest P-value of the entire study was the
Mean Corpuscular Hemoglobin Concentration (MCHC), which showed a significant difference
(P = 0.0003) in Babesia + Mycoplasma coinfection. The Mean Corpuscular Volume (MCV)

also demonstrated sensitivity to the associations, with an increase in the associations between
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Babesia + Anaplasma (P = 0.0429), Ehrlichia + Anaplasma (P = 0.0055) and Ehrlichia +
Anaplasma + Mycoplasma (P = 0.0218). Similarly, Mean Corpuscular Hemoglobin (MCH)
presented a significant alteration in the Ehrlichia + Mycoplasma coinfection (P = 0.0075) and
in the triple infection Ehrlichia + Anaplasma+ Mycoplasma (P = 0.0037). In the white blood
cell lineage, Babesia + Mycoplasma was associated with a significant difference in the
Leukocyte count (P = 0.0412), while Ehrlichia + Mycoplasma resulted in a significant
difference (P = 0.0232) in Neutrophils (Table 10).

Table 10. Synthesis of the significant hematological variables by coinfection in the permanova analysis.

COINFECCOES

Variables Associated Pathogens Teste P - valor
VCM Babesia + Anaplasma Permanova 0.0429
VCM Ehrlichia + Mycoplasma Permanova 0.0055
VCM Ehrlichia + Anaplasma+ Mycoplasma Permanova 0.0218
HCM Ehrlichia + Mycoplasma Permanova 0.0075
HCM Anaplasma+ Mycoplasma Permanova 0.0037
HCM Ehrlichia + Anaplasma+ Mycoplasma Permanova 0.0360

CHCM Babesia + Mycoplasma Permanova 0.0003
WBC Ehrlichia + Mycoplasma Permanova 0.0412
NEUT Ehrlichia + Mycoplasma Permanova 0.0232

4. Discussion

The present study constitutes one of the first approaches to investigate, in an integrated
manner, the presence of hemopathogens and hematological alterations in female dogs during
the pre-partum period—a phase physiologically characterized by intense hematological and
immunological modifications [29]. The high molecular positivity of hemoparasites observed
(97.72%) reflects the exposure of the females to tick-borne agents. Previous studies conducted
in Belo Horizonte corroborate these findings, evidencing the frequent occurrence of
Anaplasma, Babesia, and Ehrlichia, associated with clinical manifestations of different
intensities—including fever, apathy, and lymphadenomegaly—and with hematological
changes, such as anemia and thrombocytopenia [30,31 and 32] . Furthermore, in the case of

pregnant animals, the physiological changes in the immune system, which are necessary to
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maintain tolerance to the fetus, may increase the risk of recrudescence of chronic pathogens,
resulting in parasite loads high enough for detection by direct tests [33].

In this context, it was observed that anemia, thrombocytosis, leukocytosis, and
monocytosis were the most frequent hematological alterations in this study, occurring in
36.36%, 45.45%, 40.90%, and 63.63% of the evaluated female dogs, respectively.

Infection with Mycoplasma (hemoplasmas), for example, impacted the hematological
variables of the pregnant female dogs. There was a significant increase in the reticulocyte count
(RETIC; P = 0.0087) and in the mean corpuscular hemoglobin (MCH; P = 0.0126). This
association is compatible with the classic pattern of regenerative hemolytic anemia. The
pathogenesis of hemoplasmas is related to adhesion and direct damage to the erythrocyte
membrane, which triggers immune-mediated hemolysis. In response, the bone marrow
intensifies erythropoiesis, releasing a high number of reticulocytes—immature cells that are
larger and have a higher hemoglobin content—thus justifying the observed increases in the
RETIC and MCH parameters [34]. In cases of physiological anemia in pregnant animals, the
expansion of plasma volume can lead to hemodilution, resulting in a reduction in hematocrit
values. [35] described the occurrence of normocytic and normochromic anemia in pregnant
female dogs, associating it with hemodilution and a decrease in erythrocyte lifespan. However,
these authors did not rule out the influence of hemoparasitosis as possible additional factors
capable of aggravating or triggering the anemic process.

The present data evidenced an increase in leukocytes and neutrophils in pregnant female
dogs negative and positive for Ehrlichia, with both averages close to the upper limit, a fact that
corroborates other findings of the gestational period [36]. However, statistically evident, the
only significant alteration for Ehrlichia was the reduction in the lymphocyte count (P = 0.0236),
a finding that aligns with the lymphopenia observed in the acute and subclinical phases of the
disease [37]. The pathogenesis of this agent involves the alteration of cytokines that lead to
lymphocyte apoptosis and myelosuppression, which explains the decrease in this cell line and
suggests that the process, in this case, is pathological and induced by the agent [38].

For Anaplasma, the only significant difference observed was the increase in mean
corpuscular hemoglobin concentration (MCHC) (P = 0.0283). Although the agent's
pathogenesis is associated with cyclic thrombocytopenia, this increase in MCHC may indicate
subtle changes in erythrocyte morphology or hemoglobin distribution, possibly related to
chronic inflammatory processes or hemoconcentration [39]. However, given the low statistical
significance of this variable, it is likely that infection with this Rickettsia did not induce a

marked hematological response in the evaluated population.
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Although the means of the evaluated parameters remained close to the reference values
and without significant differences between the positive and negative groups, the standard
deviations indicate heterogeneity within the groups. This variation may be related, in part, to
the discrepancy in sample size between groups, as the number of positive female dogs was
almost double that of negative ones, except for Ehrlichia, where this relationship was reversed.
Such imbalances limit individual interpretation and result in few significant differences in
hematological parameters when facing each agent investigated.

Despite being a hemolytic agent, isolated Babesia infection did not demonstrate a
significant difference in any of the hematological parameters evaluated when comparing
positive and negative female dogs (P > 0.05 for all indices). This fact can be attributed to the
low parasitic load or the disease stage (acute or subclinical), which may not be severe enough
to cause detectable systemic changes in a cross-sectional study [40]. However, the pathological
relevance of this agent was demonstrated in the Babesia + Mycoplasma coinfection, resulting
in the lowest P-value of the entire study (MCHC, P = 0.0003). This finding is evidence of the
combined effect of two erythrocytic agents.

The frequency of statistically significant alterations observed in coinfections (83.72%)
supports the hypothesis that these associations intensify the hematological variations of the
infections. Similar to the result found in the Mycoplasma infection, the permanova test
evidenced a significant difference in indices such as MCV, MCH, and MCHC in coinfections,
demonstrating that the infection is inducing morphological changes in red blood cells, an event
that is not characteristic of adaptive responses in pregnancy. Coupled with this, the statistical
significance related to leukocytosis due to neutrophilia in coinfections (P < 0.05) demonstrates
that the inflammatory process is exacerbated, exceeding the common physiological stimulus
during pregnancy.

A methodological limitation is the absence of complete information in the clinical
records provided by the clinic, such as the mode of mating (artificial or natural insemination),
the deworming and vaccination protocol, and the reproductive status (primiparous or
multiparous). Furthermore, the lack of a control group with a significant N of pregnant female
dogs negative for hemoparasites is a limitation that prevents direct and definitive comparisons
of hematological alterations attributed exclusively to gestation or to infection. Additionally, the
large variation in the number of individuals within each single-infection group (due to the high
prevalence of coinfections, 83.72%) resulted in a larger standard deviation for some

hematological parameters. This high internal dispersion justifies the absence of significance in
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many single-agent analyses. Finally, the cross-sectional nature of the study restricts causal
inferences between the presence of hemopathogens and the observed hematological alterations.
5. Conclusion

This study demonstrated that hemopathogen infections in pregnant female dogs exert a
significant impact on specific hematological variables, exceeding the alterations
physiologically expected for gestation. While pregnancy alone induces a numerical anemia with
a normocytic and normochromic profile, the infections and coinfections resulted in distinct
pathological patterns, such as macrocytic regenerative anemia (evidenced by the increase in
RETIC, MCV, MCH, and MCHC) and lymphopenia associated with Ehrlichia.

The findings allow us to suggest that the high combined pathogenic load is the factor
that potentiates hematological deviations in pregnant female dogs, intensifying inflammatory
and regenerative responses. Such findings may serve as a clinical alert for the routine screening
of hemopathogens in female dogs, particularly in the pre- and post-partum periods. The
immediate application of molecular diagnostics for hemoparasites in these situations enables
timely therapeutic decisions, which is crucial for accelerating the clinical recovery of female
dogs debilitated by natural birth, C-section, and lactation.

Future longitudinal studies with robust control groups are essential to isolate the impact

of infection from that of gestation.
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6. CONSIDERACOES GERAIS

Os achados obtidos neste estudo sustentam, a ocorréncia de evidéncia molecular de
transmissdo vertical de Ehrlichia canis, Babesia vogeli e Candidatus Mycoplasma
haematoparvum, além de confirmarem a transmissdo ja previamente relatada de
Anaplasma platys. Esses achados destacam a relevancia da via vertical trasplacentaria na
disseminacdo e manutencdo desses agentes, inclusive em ambientes onde ndo ha, ainda que
temporariamente, a presenca de vetores artropodes. O trabalho também evidencia a necessidade
de desenvolver novas estratégias de controle, complementares as ja existentes, que atualmente
se concentram no combate ao carrapato, aléem de ressaltar a importancia de medidas preventivas
com foco no diagnostico precoce e monitoramento desses agentes em animais reprodutores.
Adicionalmente, os resultados reforcam a necessidade de acompanhamento longitudinal dos
filhotes que ja nascem infectados, a fim de compreender a dinamica desses patdgenos ao longo
da vida do animal, bem como os possiveis impactos da infeccdo precoce sobre a resposta
imunolodgica frente a desafios ambientais subsequentes, a manifestacdo clinica da doenca e a
gravidade dos quadros associados.

Os cdes sdo animais proximos aos seres humanos, frequentemente considerados
membros das familias modernas, ressaltando assim a importancia da manutencdo da salde
desses animais. Apesar da alta prevaléncia de hemopatdgenos em cées no pais, as implicacoes
clinicas e hematoldgicas dessas infecgdes em cadelas gestantes ainda ndo foram devidamente

elucidadas. Dessa forma, sdo necessarios estudos adicionais para que se possa estabelecer uma
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associacdo precisa entre os achados hematoldgicos e clinicos observados e o periodo

gestacional.

7. CONCLUSOES

e Comprovou-se, somente por biologia molecular, a via transplacentaria como relevante
via de transmissdo para 0s hemopatogenos: Ehrlichia canis, Babesia vogeli, Anaplasma
platys, Candidatus Mycoplasma Haematoparvum em amostras fetais e de neonatos.

e Na&o foi detectada positividade em nenhuma amostra investigada para Anaplasma
phagocytophilum, Leishmania spp. e Hepatozoon spp.

e A pesquisa direta por esfregaco sanguineo das amostras de sangue das 51 cadelas foi
negativa para todos os hemoparasitos investigados.

e Observou-se uma elevada taxa de coinfeccdo em todos os materiais analisados. A
associacdo mais frequente envolveu agentes dos géneros Anaplasma, Mycoplasma e
Piroplasmida, detectada em 16/51 amostras de sangue total de cadelas (31,4%). Em
seguida, identificou-se a coinfeccdo pelos mesmos agentes com a incluséo de Ehrlichia,
presente em 8/51 amostras do mesmo material (15,7%).

e Foram identificadas coinfec¢des associadas a transmissdo vertical confirmada em pools
de orgdos e em amostras de neonatos. A associacdo mais frequente ocorreu entre
Anaplasma, Mycoplasma e Piroplasmida, detectada em 6/13 pools de 6rgédos (46,2%).
Adicionalmente, no sangue dos neonatos, observou-se coinfeccdo envolvendo
Mycoplasma e Piroplasmida em 3/15 amostras (20,0%).

e Foram 23 (45,1%) ninhadas positivas para pelo menos um dos hemopatdgenos
pesquisados. 47,8% apresentaram apenas um neonato infectado, 30,4% apresentaram
dois neonatos infectados e 21,7% apresentaram trés neonatos infectados, evidenciando
um padréo heterogéneo de infeccdo intra-ninhada (Resultado mais bem detalhado nas
tabelas do material suplementar).

e ldentificou-se que, dentro de uma mesma ninhada, nasceram animais positivos e
negativos para 0s hemopatdgenos. Contudo, como as ninhadas ndo foram
acompanhadas longitudinalmente, ndo foi possivel avaliar as implicacbes desses

achados a longo prazo (Tabelas I, Il e 111 do material suplementar).
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e O estudo descreve pela primeira vez alteragdes hematoldgicas em cadelas prenhes
infectadas por hemopatogenos, ndo sendo possivel associar exclusivamente as
alteraces hematoldgicas as infeccBes, sendo necessarios novos estudos comparativos

com cadelas prenhes infectadas e ndo infectadas.
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ANEXO | — Termo de uso de banco de amostras
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ANEXO Il = Termo de Consentimento Livre e Esclarecido (questionario)
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MATERIAL COMPLEMENTAR:
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TABELA | — Os materiais foram testados por nPCR aninhado direcionado ao gene 16S rRNA para o0 género Mycoplasma e espécies especificas listadas.

Samples

Animals

C1 -female

C2 -female

C3 -female

C4 -female

C5 -female
C6 -female
C7 -female

C8 -female

Whole blood from

female dogs

Genus
Myc

(+)

(+)
(+)
(+)
()
(+)
(+)
(+)

Mhc

(-)

()

(+)
nt
()
(+)

Cmh

(-)

()
(+)
(+)

nt

(+)
(+)

Placentas

Genus
Myc

(-)

()

()

()
)
+)
(+)

Mhc Cmh Number

nt

nt

nt

nt

nt

nt

nt
nt

nt

nt
nt
(+)
(+)

Pooled organs from stillborn

**

**

**

**

**

puppies

Genus
Myc

1(+)

1(+)

**

2(-)
ok
ok
ok

**

Mhc Cmh Number

()

**

(nt)
**
**
**

**

(-)

()

**

(nt)
**
**
**

**

Whole blood from live-born puppies

**

**

**

**

Genus
Myc

1(-) 2(+)

2(+)

2(-)1(+)

1(-) 2(+)

**

Mhc

1(nt)
2(-)

2(-)

2(nt)
1(-)

1(nt)
2(-)

**
**
**

**

Cmh

1(nt)
1()
1(+)

2(-)

2(nt)
1(+)

1(nt)
2(+)

**
**
**

**



C9 - female

C10-female

C11-female

C12-female

C13-female

C14-female

C15-female

C16-female

C17-female

C18-female

C19-female

C20-female

C21-female

C22-female

C23-female

C24-female

C25-female

(+)
(+)
(+)
(+)
(*+)
(*+)
(-)
(-)
(+)
()
(+)
(*+)
(*+)
(+)

(+)
(+)

()

()
()

(*+)

(-)

nt

nt

(*+)
(*+)

(*+)

()

(+)

nt
nt
(+)
nt
(+)
(+)
(+)
(+)
nt
(+)
(+)

(*+)
()
()

(+)

()
(nt)

(nt)

()

(nt)

(-)

nt
nt
(-)
nt
nt
nt
nt
(-)
nt

nt

nt

(*+)
(nt)

(nt)

(*+)

(nt)

()
nt
nt
()
nt
nt
nt
nt
()
nt
nt

nt

-

**

**

**

**

**

**

**

**

**

1(+)1(-)

2(-)
1(+)1(-)

1(+)

1(+)1(-)

**
**
16)
**
**
**
**
**
**

**

2(-)

1(nt)
1(-)

(nt)

1(nt)
1(-)

(-)

1(nt)
1(-)

**
**
(nt)
**
**
**
**
**
**

**

(nt)

(1nt)
1(+)

*%

(nt)

1(nt)
1(-)

(-)

1(nt)
1(-)

**
**
(nt)
**
**
**
**
**
**

**

(nt)

*%

N

**

**

**

**

**

**

**

**

1(+)1(-)

*%

1(+)1(-)

2(-)

2(+) 1(-)

**
**
**
**
**
**
**
1(-)
**

**

**

1(nt)
1(-)

*%

*%

1(nt)
1(-)

(nt)

1(nt)
2(-)

*%
*%
*%
*%
*%
*%
*%
1(nt)
*%

**

*%
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1(nt)
1(-)

*%

*%

1(nt)
1(+)

(nt)

1(nt)
2(+)

*%
*%
*%
*%
*%
*%
*%
1(nt)
*%
*%

*%



C26-female

C27-female

C28-female

C29-female

C30-female

C31-female

C32-female

C33-female

C34-female

C35-female

C36-female

C37-female

C38-female

C39-female

C40-female

C41-female

C42-female

(+)

(+)

(+)
(+)
(*+)
(+)
(+)

(+)

(+)
(+)
(+)
(+)
(+)
(+)
(+)

(*+)

(+)
nt

(*+)

(+)

(+)
(+)

(+)
(+)
(+)
(+)

nt

(*+)

(*+)

(+)

(*+)

(*+)
(*+)
(*+)

(*+)

(-)

()
()
()

nt
nt
nt

nt

nt

nt

nt

nt

**%

**%

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

1(+)1(-)

**

**

2(-)

**

**

**

**

**

**

**

**

2(-)

**

**
**

**

1(nt)
1(-)

**

(nt)

**

**
**
**
**
**
**

**

(nt)

**%

*%
**

**

1(nt)
1(-)

**

(nt)

**

**
**
**
**

**
**

**

(nt)

**

**

**

**

**

**

**

**

3

1(nt)

1016

2(-) 2(nt)

3(-) 3(nt)

1(nt)

1016
2(+) 2(-)
1(+) (-)
2(+) 2(-)

3(-) 3(nt)
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1(nt)
1(+)

2(nt)

*%

*%

**%

3(nt)



C43-female

C44-female

C45-female

C46-female

C47-female

C48-female

C48-female

C50-female

C51-female

(-)
(-)
(-)

(+)

nt
nt

nt

()

nt
nt
nt
nt

nt

nt
nt

nt

()
nt
nt
nt
nt

nt

()
()
()

()

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

**%

**%

**%

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**%

*%

*%

**

**

**

**

**

**

**%

**

**

**

**

**

3(-) 3(nt)
PYRR T B
16)
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3(nt)

*%

2(nt)
1(-)

**%
**%
**%
**%

**

LEGEND: Myc: Mycoplasma sp.; Mhc: Mycoplasma haemocanis; Cmh: Candidatus Mycoplasma haematoparvum; nt: Amostras ndo testadas
(testou-se nas PCR’s especificas somente os materiais positivos nas PCR’s genéricas); ** Auséncia desse material no estudo.
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TABELA Il - Os materiais foram testados por nPCR aninhado direcionado ao gene 16S rRNA para o0 género Anaplasmae espécies A.platyse A
phagocytophilum.

Samples Placentas Pooled organs from stillborn puppies = Whole blood from live-born puppies
Whole blood from female dogs

Animals Anaplasmasp plsl.:ys ph[cll.go Anapslgsma plg;:ys phl‘(lJ.go Number Analglssma plg;ys phill.go Number Anal;ifsma plﬁl.:ys ph/cll.go
C1 -female (+) 0] ) O] nt nt 1 1(+) © ) 3 3(-) 3(nt) 3(nt)
C2 - female (+) ) ) ) nt nt 1 1(+) ) ) 2 2(9) 2(nt  2(nt)
C3 -female +) nt nt ) nt nt % o o *x 3 3(-) 3(nt) 3(nt)
C4 -female (+) ) ) ) nt nt 2 2(+) 2() 2() 3 3(-) 3(nt) 3(nt)
C5 -female (+) ) ) (+) (+) ) *k *k *k ok ok ok ok *k
C6 -female (+) ) ) (+) ) ) *% *% *k ** *% *% *% %
C7 -female (+) ) ) ) nt nt *% *% *% ** *% *% *% *%
C8 -female (+) ) ) (+) ) ) *% *% *% *k *% *% *% *%

C9 - female (+) (+) ) S nt nt 2 2(+) 2 20) 2 2(-) 2(nt) 2(nt)



C10-female

Cl11-female

C12-female

C13-female

Cl14-female

C15-female
Cl6-female
C17-female
C18-female
C19-female
C20-female
C21-female
C22-female
C23-female

C24-female

C25-female

C26-female
C27-female

C28-female

(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
)
)
)
Q)
Q)
(+)
)
)
)

)
)
)
)
)
)
nt
)
)
)
nt
nt
nt
nt

nt
)
nt

nt

nt

)
)
)
)
)
)
nt
)
)
)
nt
nt
nt
nt

nt
)
nt

nt

nt

)
)
Q)
Q)
Q)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
Q)
(+)
(+)
(+)
)
(+)

nt
nt
nt
nt
(nt)
()
()
)
)
(+)
()
()
()
nt
0
Q
0
nt

Q)

nt

nt

nt

nt

(nt)

)
)
Q)
Q)
Q)
)
)
Q)
nt

)

)
)
nt

Q)

kk

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k&

k*k

k%

2(+)
2(+)
1(+)
2(+)
1(+)

%k

2(+)
sk
sk

kk

2(+)
1(-)
1(+)
1(-)
1(+)
1(-)
1(+)

ke

ke

2(-)

k%

k%

2(-)
2(-)
1(-)
2(-)
1(-)

ke

2(-)

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k3%

*3%

*%

k%

"
-
2()
2(-)
3()
-
-
-
-
-
-
-
1()
-

k3%
*3%

2(-)
2(-)

k%
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k%

*k
*k *k
2(nt) 2(nt)
2(nt) 2(nt)
3(nt) 3(nt)
*k *k
*k *k
*k *k
*k *k
*k *k
*k *k
*k *k
1(nt) 1(nt)
k% k%
k% k%
k% ek
2(nt) 2(nt)
2(nt) 2(nt)
*k *k



C29-female

C30-female

C31-female
C32-female
C33-female
C34-female
C35-female
C36-female
C37-female
C38-female
C39-female
C40-female
C41-female

C42-female

C43-female

C44-female
C45-female

C4.6-female

(+)
)

)
)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)

(+)

(+)
)
(+)

)
nt

nt
nt
)
(+)
Q)
nt
nt
(+)
Q)
(+)
Q)
(+)

Q)

)
nt

)

)
nt

nt
nt
Q)
)
)
nt
nt
Q)
Q)
Q)
Q)
Q)

Q)

)

nt

)

(+)
)

(+)
(+)
Q)
(+)
Q)
)
)
)
(+)
(+)
(+)
Q)

Q)

)
)
Q)

)
nt

)
)
nt
)
nt
nt
nt
nt
)
)
)

nt

nt

nt
nt

nt

)
nt
)
)
nt
)
nt
nt
nt
nt
)
)
)

nt

nt

nt
nt

nt

kk

kk

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k*k

k¥ %k *k
1()
2(+) 2(9) 1(+)
k¥ *k 3k
k% *k k%

2(+) 2()  20)

K3k skk K%k
Kk skk k3
K3k K% K3k
Kk KK Kk
Kk KK Kk
K3k *% K3k
kK KK Kk
Kk *% K3k

2(+) 2(+)  20)

K3k Kk K3k
*¥k Kk ¥k
*¥k Kk ¥k
k¥ sk k¥

k%

k%
k%

3(-)
2(-)
2(-)
1(-)
2(-)

3(-)
1(+)
2(-)

k%

*%

3(-)
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k%
k%

3(nt)
2(nt)
2(nt)
1(nt)
2(nt)

k%

3(nt)

3(-)

k%

k%

3(nt)

k%

k%

3(nt)
2(nt)
2(nt)
1(nt)
2(nt)

k%

3(nt)

3(-)

k%

3(nt)



C47-female
C48-female
C49-female
C50-female

C51-female

(+)
(+)
(+)
)
)

)
)
)
nt

nt

Q)
Q)
Q)
Q)
Q)

)
(+)
(+)
Q)
Q)

nt
)
)
nt

nt

nt
Q)
Q)
nt

nt

kk

kk

kk

kk

kk

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%

k%
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k%

k%

k%

k%

k%

LEGEND: A. phago: Anaplasmaphagocytophilum; nt: Amostras ndo testadas (testou-se nas PCR’s especificas somente os materiais positivos

nas PCR’s genéricas); ** Auséncia desse material no estudo.

k%

k¥

k¥

k%

k%



Samples

Animals

C1 -female

C2 -female

C3 -female

C4 -female

C5 -female

C6 -female

TABELA IlI- Os materiais foram testados por PCR e nPCR aninhado direcionado ao gene 18S rRNA para 0 género Hepatozoon sp. e ordem piroplasmida e

ao gene ITS para a espécie B. vogeli

Whole blood from female

dogs
B.
Piroplasmida
vogeli

(+) (-)
(+) (-)
(-) nt
(+) (-)
(+) (-)
(+) (-)

Hept.

()

nt

()

Placentas
B.
Piroplasmida
vogeli

() nt

() nt

() nt

() nt

(-) nt

(-) nt

Hept.

nt

nt

nt

nt

nt

nt

Pooled organs from stillborn puppies

Number

**

**

**

Piroplasmi B. Hebt
ept.
da vogeli
1(+) (-) (-)
1(+) () (-)
2(-)
2(+) 2(-)
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Whole blood from live-born
puppies

Number

**

**

Piropla
smida

1(+) 2(-)

1(+) 1(-)

3(-)

1(+) 2(-)

**

**

vogeli
2(nt)
1(-)

1(nt)
1(-)
3(nt)

2(nt)
1(+)

**

*%

Hept

2(nt)
1(-)

1(nt)
1(-)
3(nt)

2(nt)
1(-)

**

*%



C7 -female

C8 -female

C9 - female

C10-female

C11-female

C12-female

C13-female

C14-female

C15-female

C16-female

C17-female

C18-female

C19-female

C20-female

C21-female

(+)
(+)
(+)

(*+)

(*+)
(+)

(+)

(+)

(+)
()
(+)
(+)
(+)
(+)
(+)

(-)
(-)
(-)

(+)

()
nt
()
(+)
(+)
(+)
(+)

()
()
()

(-)
(-)

(-)

()
nt
()
()
()
()
()

()
(*+)
(*+)

(+)

(+)
()
()
(+)
(+)
(+)
(+)

nt
()
()

nt

nt

nt

nt

()

()
()
(nt)
()
)
)
(+)

nt
()
()

nt

nt
nt

nt

)

)
)
(nt)
)
()
()
()

**%

**%

**

**

**

**

**

**

**

**

**

2(+)

**

2(+)
2(+)

1(+)

2(+)

*%
*%
1(+)
*%
*%
*%

**

**%

*%

1(-)
1(+)

**

2(-)
2(-)

1(-)

1(+) (-
)

**
**
16)
**
**
**

**

**%

**%

2(-)

**%

2(-)
2(-)

1(-)

**
**
16)
**
**
**

**

*%

*%

**%

**%

**

**

**

**

**

**

**

*%

*%

2(-)

**%

**%

2(-)

1(+)1(-)

3(-)
*%
*%
*%
*%
*%
*%

**

*%

*%

2(nt)

**%

2(nt)

1(nt)
1(-)

3(nt)

**
**
**
**
**
**

*%
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*%

*%

2(nt)

**%

2(nt)
1(nt)
1(-)

3(nt)

**
**
**
**
**
**

*%



C22-female

C23-female

C24-female

C25-female

C26-female

C27-female

C28-female

C29-female

C30-female

C31-female

C32-female

C33-female

C34-female

C35-female

C36-female

C37-female

(+)
(+)
(-)

(+)

(+)

(-)
(*+)
(+)

(+)

(+)
(+)

nt

(+)
nt
(+)
(+)

(+)

nt

nt

(*+)
()
nt

nt

()
()

nt

(*+)
(*+)
(*+)

(*+)

(*+)

()
(+)
(+)
(+)
(*+)
(*+)
(*+)
(*+)

()

()

nt
(-)
(+)

(*+)

+)
(+)

(nt)

(nt)

(nt)

(nt)

(nt)

(nt)

**%

**%

**%

**

**

**

**

**

**

**

**
**

**

2(+)

**

**
**

**

2(+)

2(+)

**

**

**

**

**%
*%

*%

2(-)

**

**
**

**

1(-)
1(+)

**

**

2(-)

**

**

**

**

**%
**%

*%

2(-)

**

**
**

**

1(-)
1(+)

**

**

2(-)

**

**

**

**

*%

*%

*%

**%

**

**

**

**

**

1(-)

*%

*%

*%

1) 1(-
)

2(-)

**%

**

**

**

3(-)
2(-)
2(-)
1(-)

**
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1(nt)  1(nt)

*% *%
*% *%

*%
*%

1(nt)  1(nt)
1) 1()

2(nt) 2(nt)

**% **%
** **
*%x **
** **
** **

3(nt)  3(nt)
2(nt)  2(nt)
2(nt)  2(nY)
1(nt) 1(nt)

*x **



C38-female

C39-female

C40-female

C41-female

C42-female

C43-female

C44-female

C45-female

C46-female

C47-female

C48-female

C49-female

C50-female

C51-female

(+)
(+)
(+)
(+)
(*+)
(*+)
(+)
(-)
(+)
(+)
(+)
(*+)
(*+)
(+)

LEGEND: Hept: Hepatozoon spp nt: Amostras ndo testadas (testou-se nas PCR’s especificas somente os materiais positivos nas PCR’s
genéricas); ** Auséncia desse material no estudo.

(-)
(-)
nt
()
()
()
()
()
()

()

()

(-)

(-)

()
()
()
()
()

(*+)

(*+)

(*+)

(*+)

()
(+)
(+)
(*+)
(*+)
(*+)
(*+)
(*+)
(*+)

()

()

()

()

nt

()
()
()
()
)

()

()

()

()

nt

nt

)
)
)
)
()

**%

**%

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

2(+)

**

**

**

**

**
**
**
**

**

*%

*%

**

**

2(-)

**

**

**

**

**
**
**
**

**

**%

*%

**

**

2(-)

**

**

**

**

**
**
**
**

**

*%

*%

*%

**

**

**

**

**

2(-)
3(-)
3(+)
3(-)

**

**
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2(nt)  2(nt)

*%

*% *%

*%k *%

3(nt) 3(nt)
3() 30

**

*%x **

3(nt) 3(nt)

** **
** **
** **
** **
** **
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