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RESUMO

Os filarideos séo parasitos nematddeos que acometem diferentes espécies de
animais, incluindo cdes domésticos, canideos selvagens, felideos domésticos e
selvagens e humanos. Dentre as espécies de importancia médico-veterinaria que
acometem os céaes, destacam-se 0s géneros Dirofilaria e Acanthocheilonema, com
microfilarias encontradas no sangue; Cercopithifilaria que € detectada na pele. O
objetivo desse estudo foi determinar a prevaléncia da infeccdo por filarideos
sanguineos e dérmicos em céaes residentes em uma area costeira turistica do Estado
de Pernambuco. De fevereiro a setembro de 2021, amostras de sangue (n = 245)
foram coletadas e analisadas pelo método modificado de Knott para pesquisa de
microfilarias circulantes, seguido do teste ELISA qualitativo (SNAP® 4Dx® Plus,
IDEXX Laboratory, Westbrook, Maine, EUA) para detectar anticorpos contra
Anaplasma spp., Borrelia burgdorferi sensu lato, Ehrlichia spp. e antigenos de
Dirofilaria immitis. Para pesquisa de microfilarias dérmicas foram incluidos neste
estudo fragmentos de amostras de pele (n = 71) examinados microscopicamente e
molecularmente por meio de PCR visando o gene 12S rDNA. Foram detectados em
24 animais (9,8%), microfilarias e antigeno de D. immitis, ja anticorpos de Ehrlichia
spp. e Anaplasma spp. apresentaram soroprevaléncia em 64 (23,2%) e 11 (4,5%)
animais, respectivamente. No teste ELISA, 9 (3,7%) animais microfilarémicos
obtiveram resultados negativo. A coinfeccdo entre D. immitis e outros patégenos
predominaram sobre infec¢des isoladas por D. immitis (x> = 4,381; p = 0,0363).
Nenhum filarideo foi detectado na pele apés analises microscépicas e moleculares.
Em quatro municipios diferentes foram encontrados cées positivos para D. immitis,
incluindo dois (Cabo de Santo Agostinho e Ipojuca), nos quais ha um intenso fluxo de
animais e humanos atraidos pelas atividades turisticas dessas localidades. Os dados
deste estudo demonstram que D. immitis € o principal filarideo que infecta caes em
areas litoraneas no nordeste do Brasil. Medidas preventivas, como coleiras repelentes
e compostos microfilaricidas devem ser usadas para prevenir a infeccdo canina
associado ao manejo ambiental correto nessas areas a fim de controlar as populacdes

de vetores.

Palavras-chave: Dirofilaria immitis, Cercopithifilaria bainae, Acanthocheilonema

reconditum, Litoral, Vetores, Zoonose.



ABSTRACT

Filarids are nematode parasites affecting different animal species, including domestic
dogs, wild canids, domestic and wild felids, and humans. Among the species of medical
and veterinary importance affecting dogs, the genera Dirofilaria and
Acanthocheilonema stand out, with microfilariae found in the blood and
Cercopithifilaria detected on the skin. Blood-feeding arthropod vectors (e.qg.,
mosquitoes, fleas, lice and ticks) transmit these parasites. This study aimed to
determine the prevalence of blood and dermal filarial infection in dogs residing in a
touristic coastal area of the State of Pernambuco. From February to September 2021,
blood samples (n = 245) were collected and analyzed using the modified Knott method
to search for circulating microfilariae, followed by the qualitative ELISA test (SNAP®
4Dx® Plus, IDEXX Laboratory, Westbrook, Maine, USA) to detect antibodies against
Anaplasma spp., Borrelia burgdorferi sensu lato, Ehrlichia spp. and Dirofilaria immitis
antigens. Fragments of skin samples (n = 71) were included in this study, and
microscopically and molecularly, they were examined using PCR targeting the 12S
rDNA gene to research dermal microfilariae. Microfilariae and D. immitis antigen were
detected in 24 animals (9.8%), as well as antibodies to Ehrlichia spp. and Anaplasma
spp. showed seroprevalence in 64 (23.2%) and 11 (4.5%) animals, respectively. In the
ELISA test, 9 (3.7%) microfilaremic animals obtained negative results. Co-infection
among Dirofilaria immitis and other pathogens predominated over isolated infections
by D. immitis (x2 = 4.381; p = 0.0363). No filarial was detected in the skin after
microscopic and molecular analyses. Dogs positive for D. immitis were found in four
different municipalities, including two (Cabo de Santo Agostinho and Ipojuca), where
there is an intense flow of animals and humans attracted by tourist activities in these
localities. Data from this study demonstrate that D. immitis is the main filarial nematode
infecting dogs in northeastern Brazil's coastal areas. Preventive measures such as
repellent collars and microfilaricidal compounds should be used to prevent canine
infection associated with correct environmental management in these areas to control

vector populations.

Keywords: Dirofilaria immitis, Cercopithifilaria bainae, Acanthocheilonema

reconditum, Coastal, Vectors, Zoonosis.
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1 INTRODUCAO

Filarideos sdo parasitos nematddeos pertencentes a Ordem Spirurida,
Superfamilia Filarioidea e Familia Onchocercidae (Taylor et al., 2017), localizam-se
em diferentes Orgdos do hospedeiro definitivo e apresenta ciclo bioldgico
caracterizado pela liberacdo de microfilarias na circulacdo, sao ingeridos e
transmitidos por hospedeiro intermediario hematéfago (Kannemberg et al., 2019).
Dentre as diversas espécies de importancia médico-veterinaria, aquelas pertencentes
aos géneros Dirofilaria, Acanthocheilonema e Cercopithifilaria sdo as mais
importantes para os caninos (Otranto et al., 2013). O género Dirofilaria atingem
carnivoros, insetivoros e marsupiais em todo o mundo (Pampiglione et al., 1997);
Acanthocheilonema acometem cdes domeésticos e outros carnivoros selvagens
(Schwan, Schroter, 2006); ja Cercopithifilaria infecta uma variedade de hospedeiros

definitivos, incluindo primatas, carnivoros e ungulados (Eberhard, 1980).

Dirofilaria immitis esta distribuida pela América do Sul, América Central, Caribe
e América do Norte (Maggi, Kramer, 2019). E a espécie de filarideo mais importante
para os caes em virtude de sua relevancia patolégica e ampla distribuicdo geografica
(Simon et al., 2012; Gomes et al.,, 2012). Apesar da ampla prevaléncia em caes
domésticos, este nematddeo tem sido descrito infectando canideos selvagens, felinos
domesticos e selvagens e humanos (Colwell, Dantas-Torres, Otranto, 2010; Otranto
et al., 2013). Este filarideo é transmitido por culicideos, e no Brasil os géneros Aedes
e Culex sdo os mais importantes (Dantas-Torres, Otranto, 2020). Clinicamente, os
cdes acometidos apresentam lesbes cardiovasculares, pulmonares, hepaticas e
renais (Jang et al., 2015), com graves complica¢cdes que podem levar o animal a morte
(Simén et al., 2012), além de possuir importante carater zoonético (Smith et al., 2015).

Outro importante filarideo de distribuicdo cosmopolita é Acanthocheilonema
reconditum (Napoli, et al., 2014). Transmitido por piolhos (Heterodoxus spiniger,
Linognathus setosus, Trichodectes canis) (Engelmann et al., 2019), pulgas
(Ctenocephalides canis, Ctenocephalides felis, Echidnophaga galinacea, Pulex
irritans e Pulex simulans) e carrapatos (Rhipicephalus sanguineus sensu lato) (Brianti
et al., 2012), sdo considerados pouco patogénicos. Embora pouco frequente, existem
relatos de manifestacdes dermatoldgicas como eritema, papulas ou alopecia

multifocal nos animais infectados (Lopez et al., 2012). Em areas endémicas para D.
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immitis, a infeccdo por A. reconditum, é importante devido a possibilidade de equivoco
no diagnostico, uma vez que microfilarias de ambas espécies sdo detectadas no
sangue circulante e sua diferenciagcdo morfologica tem sido considerado um desafio
(Magnis et al., 2013; Bowman, 2014).

Apesar da importancia dos filarideos em que as microfilarias estao
presentes no sangue de caninos (Dirofilaria e Acanthocheilonema), recentemente
atencado tem sido dada também a espécie em que as microfilarias estdo presentes na
pele como o género Cercopithifilaria (Mutafchiev et al., 2013). O género
Cercopithifilaria é representado por trés espécies de importancia para caninos:
Cercopithifilaria grassii, Cercopithifilaria bainae e uma terceira espécie designada
como Cercopithifilaria sp. Il (Otranto et al., 2012). Devido sua ampla distribuicéo,
espécie C. bainae tem sido mais estudada e sabe-se que a transmissdo ocorre via
carrapatos do grupo R. sanguineus s.| (Otranto et al., 2011; Brianti et al., 2012). C.
bainae foi descrito inicialmente no Rio de Janeiro (Almeida, Vicente, 1984), e mais
recentemente foi registrado no Nordeste (Ramos et al., 2016; Santos et al., 2017,
Santos et al, 2018) e Centro-Oeste do pais (Soares, 2020). Considerado de menor
relevancia patogénica, existem relatos de dermatite (Otranto et al., 2012; Boyd et al.,
2019), poliartrite (Gabrielli et al., 2014) e mais recentemente foi associada a presenca
de um nodulo cutdneo em cao (Soares et al., 2020). Diferentemente dos filarideos
anteriormente citados, o diagndstico de C. bainae se da pela visualizacao de larvas
presentes em fragmentos de pele, que sdo embebidos em solucgédo fisiolégica e as

microfilarias séo liberadas neste material (Otranto et al., 2013).

A diversidade destes filarideos em diferentes areas geograficas no mundo
estdo correlacionadas a disponibilidade de hospedeiros definitivos, a possibilidade de
serem parasitados pelos hospedeiros intermediarios e as condicdes ambientais de
multiplicacdo vetorial (Kannenberg et al., 2019). Nos ultimos anos, a intensa
mobilidade global de animais de estimag&o dentro e entre paises percorrendo grandes
distancias geograficas foram reconhecidos como uma preocupacao veterinaria e de
saude publica global, causando disseminacéo de vetores e infec¢des potencialmente

zoonobticas em novas areas (Tiffin et al., 2022).

A regido costeira do estado de Pernambuco € considerada historicamente
endémica para D. immitis e A. reconditum (Alves et al., 1999; Labarthe et al., 2014),

entretanto ndo tem sido observado relatos de filarideos dérmicos. Apesar da auséncia
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da notificacdo de casos, a condicao climatica do local favorece a proliferacdo de
carrapatos (Ramos et al., 2016), logo a presenca simultanea de filarideos sanguineos
e dérmicos ndo pode ser descartada. Desta forma, objetivou-se neste estudo
determinar a prevaléncia da infeccdo por filarideos sanguineos e dérmicos em

caes residentes em uma area costeira do Estado de Pernambuco.

2 REVISAO DE LITERATURA

2.1 Dirofilaria immitis

2.1.1 Agente etiologico

Dirofilaria immitis € um nematédeo filarideo em que fémeas podem medir até
30 cm de comprimento, apresenta estrias transversais cuticulares, e extremidade
cefélica levemente afilada e arredondada. Os machos possuem de 12 a 20 cm, com
a cauda em espiral, e anus em posicao subterminal (Furtado et al., 2010; Genchi et
al., 2014). As fémeas séo viviparas e apds a coOpula, liberam larvas de 1° estagio
(microfilarias) circulantes que possuem aproximadamente de 300 a 310 um de

comprimento (Figura 1).

Figura 1. Dimorfismo sexual de Dirofilaria immitis. Fonte: (Pacheco 2016).

A extremidade anterior da microfilaria é fusiforme e a posterior afilada e reta
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(Song et al., 2009). O Quadro 1 detalha a classificacdo sistematica deste parasito.

QUADRO 1. Classificacao sistematica de Dirofilaria immitis segundo Furtado et
al. (2010).

Reino Animalia

Filo Nematoda

Classe Secernentea

Subclasse Spiruria

Ordem Spirurida

Superfamilia Filaroidea Weiland (1958)

Familia Onchocercidae Leiper (1911)

Subfamilia Dirofilariinae Sandground (1921)

Género Dirofilaria Railliet; Henry (1911)

Espécie Dirofilaria immitis Leidy (1856)
2.1.2 Biologia

Dirofilaria immitis € transmitido por vetores pertencentes a familia Culicidae.
Sabe-se que aproximadamente 70 espécies de culicideos sdo capazes de infectar-se
com D. immitis, entre eles os géneros Aedes, Culex, Anopheles, Mansonia,
Psorophora, Ochlerotatus, Amigeres e Coquillettidia foram descritos como potenciais
vetores (Vieira, 2019). Especificamente no Brasil infeccdes naturais por larvas
infectantes (L3) foram detectadas nas espécies, Aedes taeniorhynchus e Aedes
scapularis, além de Culex quinquefasciatus tem sido considerado importantes vetores
(Ogawa et al.,, 2013). Em estudo experimental comprovou que Aedes Albopictus,
Aedes aegypti e C. quinquefasciatus como potencial vetor da D. immitis no Recife
(Carvalho et al., 2013).

O ciclo bioldgico deste parasito € complexo com periodo pré-patente variando

de 6 a 9 meses (Kotani, Power, 1982). No entanto, caracteristicas como a reacdo
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imunologica, condicbes ambientais como, temperatura e umidade e caracteristicas
genéticas entre populacdes de D. immitis podem ser fatores que afetam a capacidade
vetorial dos culicideos (Christenssen, 1977). ApGs a ingestdo da microfilaria circulante
pelo mosquito vetor, ocorre em seus tubulos de Malpighi, o desenvolvimento de L1 a
L3. O tempo necessario do desenvolvimento no mosquito é temperatura-dependente,
e em condi¢cdes com temperatura de 27°C e umidade relativa de 80%, ocorre entre 10
a 14 dias. Apos atingirem a fase L3, as larvas migram dos tubulos de Malpighi para a
probdscide do mosquito e, durante novo repasto sanguineo, as larvas infectantes séo
depositadas sobre a pele do hospedeiro vertebrado penetrando ativamente no orificio
da picada (Kotani, Power, 1982). As larvas infectantes (L3) também dependem de
condicdes climéticas para se desenvolverem (8 a 10 dias a 28-30°C, 11 a 12 dias a
24°C, e 16 a 20 dias a 22°C). Temperaturas inferiores a 14°C, provocam a suspensao
do desenvolvimento das larvas de D. immitis nos mosquitos, no entanto, pode ser
retomado assim que as condi¢cfes ambientais sejam favoraveis (Morchoén et al., 2012).
No hospedeiro vertebrado, entre trés e nove dias pos-exposicdo as larvas passam
para o quarto estagio (L4). Apds 50 a 70 dias, uma ultima muda ocorre, transformando
L4 em L5 (adultos jovens), que alcancardo o ventriculo direito e artéria pulmonar
(Figura 2) (Bowman, 2014; Taylor et al., 2017).
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Figura 2. Ciclo da Dirofilaria immitis. Fonte: Adaptado de Cicarino, (2009).
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Os canideos domésticos e silvestres (raposas, lobos, coiotes, furbes) sdo as
principais espécies afetadas por D. immitis (Alho et al., 2014; Taylor et al., 2017),
seguidas por felinos domésticos (gatos domeésticos) e silvestres (gatos selvagens no
Norte da Florida) (Luria et al., 2004; Alberigi et al., 2020) e ocasionalmente humanos
e primatas (Velev et al., 2019; Gabrielli et al., 2021) além de cavalos, lebes-marinhos
e castores (Alho et al., 2014; Taylor et al., 2017).

2.1.3 Epidemiologia

Com o passar dos anos a dirofilariose canina vem passando por mudancgas em
relacdo a sua distribuicdo e prevaléncia (Labarthe et al., 2014). Descrita originalmente
em areas litoraneas, atualmente existem relatos cada vez mais frequentes no interior
do Brasil, decorrentes do aumento da temperatura, modificacdes ambientais, como
expansao imobiliaria, e migracdo de animais de areas endémicas a areas com
presenca de vetores competentes (Sebolt, 2020). Por ser uma doenca de transmissao
vetorial, existe uma forte influéncia das alteracdes climaticas, principalmente umidade
e temperatura (Morchén et al.,, 2012). Nesse sentido, as mudancas climaticas
causadas pelo aquecimento global, que propiciam a proliferacdo dos vetores
encurtaram o desenvolvimento extrinseco dos estagios infecciosos e prolongou a
temporada de transmissdo em areas onde originalmente n&o existiam a presenca de
vetor durante todo o ano, como em regides temperadas (Genchi, Kramer, 2020). Além
disso, a distribuicdo da doenca pode ser influenciada por outros fatores, como o
aumento global da mobilidade de animais reservatérios de areas endémicas e
alteracbes ambientais causadas por atividades humanas, como as culturas agricolas

e urbanizacéo (Genchi, Kramer, 2020).

Nas Américas a dirofilariose por D. immitis encontra-se amplamente distribuida
desde os Estados Unidos até Argentina, apresentando prevaléncias médias variando
de 1 a 40%. No Brasil, existe uma ampla variacéo na prevaléncia de 1 a 62% (Tabela
1).



Tabela 1. Infec¢des por Dirofilaria immitis em cées no Brasil nos ultimos 13 anos.
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Regides Cidade (Estado) Prevaléncia (%) Método de diagndstico Referéncia
Centro-Oeste Cuiaba (MT) 1 Necropsia RAMOS et al. (2015)
Campo Grande (MS) 5 Knott modificado SOARES (2020)
PCR
Nordeste Lauro de Freitas (BA) 20,3 Detecgéo de antigeno LABARTHE et al. (2014)
Salvador (BA) 20 Detecgéo de antigeno LABARTHE et al. (2014)
Itamaracé (PE) 49,5 Detecgéo de antigeno LABARTHE et al. (2014)
Recife (PE) 11,54 Knott modificado RAMOS et al. (2016)
Garanhuns (PE) 55 Detecgéo de antigeno DE MACEDO et al. (2022)
Recife (PE) 12,9 Detecgéo de antigeno RAMOS et al. (2022)
Norte llha de Marajé (PA) 32,5 Knott modificado FURTADO et al. (2009)
PCR
Porto Velho (RO) 79 Detecgéo de antigeno OGAWA (2013)
PCR
Esfregago espesso de sangue
Labrea (AM) 44,4 PCR SOARES et al. (2014)
Sudeste Bertioga (SP) 7,6 Detecgéo de antigeno LABARTHE et al. (2014)
Guaruja (SP) 2,8 Deteccéo de antigeno LABARTHE et al. (2014)
Armagéo de Buzios (RJ) 62,2 Detecgao de antigeno LABARTHE et al. (2014)
Cabo Frio (RJ) 27,5 Deteccéo de antigeno LABARTHE et al. (2014)
Mangaratiba (RJ) 16,3 Deteccéo de antigeno LABARTHE et al. (2014)
Niteréi (RJ) 58,6 Detecgéo de antigeno LABARTHE et al. (2014)
Rio de Janeiro (RJ) 7 ELISA (SNAP 4DX®) MENDES-DE-ALMEIDA et al.
(2021)
Sul Guaraquegaba (PR) 31,8 Detecgao de antigeno LABARTHE et al. (2014)
Guaratuba (PR) 24,5 Deteccéo de antigeno LABARTHE et al. (2014)
Araquari (SC) 2,1 Detecgéo de antigeno LABARTHE, et al. (2014)
Florianépolis (SC) 12 Deteccéo de antigeno LABARTHE et al. (2014)
Laguna (SC) 4,62 PCR SEBOLT (2020)
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2.1.4 Patogenia e sinais clinicos

A gravidade das lesdes e as consequentes manifestacdes clinicas estao
relacionadas a carga parasitaria, assim como a duracdo da infec¢do e a interacao
parasito-hospedeiro (Atkins, 2010). No inicio da infeccdo o animal apresenta-se
assintomatico, e os sinais surgem com a evolucao da doenca que se caracteriza por
danos vasculares. Sinais clinicos comumente exibidos por cées infectados sdo tosse
cronica, dispneia, fraqueza, intolerdncia ao exercicio, sincope, anorexia, perda de
peso, ascite ou sons cardiacos alterados (Ames, Atkins, 2020). As formas mais graves
caracterizam-se por perda de peso, insuficiéncia da valva tricuspide, insuficiéncia
cardiaca direita, distensdo abdominal e hepatoesplenomegalia. O surgimento dos
sinais clinicos normalmente esta relacionado com a chegada dos parasitos imaturos
aos pulmdes ou a morte dos nematdédeos adultos (Jericd, Andrade Neto, Kogika,
2019).

O dano ao endotélio pulmonar e a oclusdo vascular pela morte do parasito
reduzirdo o débito cardiaco. A hipertensdo pulmonar resultante pode levar ao aumento
compensatoério do lado direito do coragcdo e progredir para insuficiéncia cardiaca
direita. Embora ndo seja frequente, pode ocorrer uma obstrucdo subita do fluxo
sanguineo através dos pulmdes causados por grande namero de adultos nas artérias
pulmonares. Esta forma de blogueio caracteriza uma manifestacdo aguda da
dirofilariose e é chamada de sindrome da veia cava (Bowman, Atkins, 2009; Simon
et al., 2012; Ames, Atkins, 2020).

Ainda observa-se a ocorréncia de edema celular endotelial e alargamento das
juncdes intercelulares, levando ao aumento da permeabilidade vascular pulmonar. A
ocluséo vascular ocorre de maneira gradual, permitindo que o suprimento de oxigénio
seja compensado através da circulacdo pulmonar colateral. Por esta razao, infarto
pulmonar é incomum nesses casos e obstru¢fes de vasos por parasitos vivos nao
costumam ter consequéncias clinicas graves, exceto em animais com alta carga
parasitaria. O aumento da permeabilidade vascular culmina em extravasamento e

edema peri arterial (Bowman, Atkins, 2009; Nelson, Couto, 2009).

O dano ao parénquima pulmonar, ocasiona quadros de pneumonite
eosinofilica, que é decorrente da destruicdo de microfilarias pelo sistema imune do
hospedeiro, seguida por reagdo inflamatoria local. A formagédo de granulomas

pulmonares pela morte e aprisionamento de parasitos no parénquima pulmonar é
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menos comum em animais, mas € considerada uma leséo caracteristica em humanos
(Hoch, Strickland, 2008). Nos cées, o deslocamento dos parasitos mortos e suas
particulas originam tromboembolismo pulmonar e infarto que podem levar a ébito

(Meireles, Paulos, Serrao, 2014).

Imunocomplexos que se formam em resposta aos antigenos (Oleaga et al.,
2009) podem induzir glomerulonefrite acompanhada de proteindria e, mais raramente,
insuficiéncia renal (Aresu et al., 2007). A congestéo hepatica leva a hemoglobindria,
provocada pela insuficiéncia da valvula tricuspide, logo, evolui para insuficiéncia
hepatica, levando ao aumento da fragilidade dos eritrécitos, que ao serem destruidos

liberam hemoglobina (Jacobs et al., 2015).

Atualmente sabe-se que a patologia da dirofilariose esta relacionada também a
presenca da bactéria endossimbidtica Wolbachia spp. (Salgueiro, 2016). Apdés
tratamento adulticida os titulos de anticorpos anti-Wolbachia aumentam, sugerindo
gue o contato do sistema imunolégico com a bactéria ocorre depois da morte do
parasito (Morchon et al., 2012). Em o6rgdos onde acontece a destruicdo de
microfilarias, incluindo o rim, h& resposta inflamatoria através da producao in situ de
IgG especificas contra Wolbachia (Alho et al., 2014). De acordo com a American
Heartworm Society, o paciente canino com dirofilariose pode apresentar diferentes
niveis de manifestacdes clinicas e baseado no estadiamento apresenta diferentes

classificagdes, como demonstrado na Tabela 2.

Tabela 2. Sinais clinicos observados na dirofilariose canina de acordo com o grau de

comprometimento animal (AHS, 2018).

SINAIS CLINICOS GRAU
Assintomético ou tosse Leve
Tosse, intoleréncia ao exercicio, ruidos pulmonares Moderado

anormais

Tosse, intolerancia ao exercicio, dispneia, sons

cardiacos e pulmonares anormais, hepatomegalia,sincope, ascites, Severo
morte
Inicio subito de letargia e fraqueza grave, Sindrome da veia cava

acompanhado de hemoglobinemia e hemoglobinuria
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2.2 Acanthocheilonema spp.
2.2.1 Agente etiologico

O género Acanthocheilonema possui trés espécies que infectam cées: A.
reconditum, Acanthocheilonema dracunculoides, e uma espécie ndo descrita relatado
no sangue de cdes em Ladhak, descoberta inicialmente por meio de triagem
microscopica, posteriormente a Multiplex PCR em etapa Unica possibilitou a
identificacdo de um Unico amplicon correspondente Acanthocheilonema, no norte da
india (Megat Abd Rani et al., 2010; Rani, 2011).

Acanthocheilonema reconditum é frequentemente descrita, encontrada nos
tecidos subcutaneos perirrenal e cavidade peritoneal de cées (Leite et al., 2012). Os
adultos machos medem cerca de 13 mm de comprimento e as fémeas 17 a 32 mm.
ApOs o acasalamento, as fémeas fecundadas originam microfilarias, que podem ser
encontradas principalmente na circulacdo sanguinea periférica dos caes. As
microfilarias de A. reconditum tem em média cerca de 250 - 270 um de comprimento
e 4 - 4,5um de largura, com um corpo arredondado e curvado, gancho cefalico distinto
e uma extremidade anterior arredondada (Figura 3) (Leite et al., 2012). A classificacéo

taxondmica da A. reconditum é descrita no Quadro 2.

Figura 3. Microfilaria de Acanthocheilonema reconditum. (A) regido cefalica,
(B) gancho cefalico (cabeca de seta), (C) cauda em gancho (seta). Fonte: Gomes et
al. (2012).
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QUADRO 2. Classificagdo sistematica de Acanthocheilonema reconditum segundo
Napoli et al., (2014).

Reino Animalia

Filo Nematoda

Classe Secernentea

Ordem Spirurida

Superfamilia Filarioidea

Familia Onchocercidae

Sub-familia Onchocercinae

Género Acanthocheilonema

Espécie Acanthocheilonema reconditum (Grassi 1889)
2.2.2 Biologia

Formas infectantes (L3) de A. reconditum foram encontrados em diferentes
espécies de artropodes que destacam-se como hospedeiros intermediarios e vetores
competentes para este filarideo, por exemplo, os piolhos mastigadores H. spiniger e
L. setosus (Figura 4) (Nelson, 1962; Pennington, Phelps, 1969) e as pulgas C. canis,
C. felis, E. gallinacea, P. irritans e P. simulans (Figura 5) (Lewis, 1890; Calandruccio,
1892; Newton, Wright, 1956; Pennington, 1971; Korkejian, Edeson, 1978; Brianti et al.,
2012; Napoli et al., 2014).
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Figura 4. Piolhos mastigadores. (A) Heterodoxus spiniger. Fonte: Torres-
Chales et al. (2017) (B) Linognathus setosus. Fonte: Kohler-Aanesen et al. (2017)

Figura 5. Pulgas. (A) Ctenocephalides canis. Fonte: (Saari, Nareaho, Nikanderl
2018). (B) Ctenocephalides felis. Fonte: (Seraydar, Kaufmann 2014). (C)
Echidnophaga gallinacea. Fonte: Koehler, Pereira, Kaufman, 2009. (D) Pulex irritans.
Fonte: Buckland, Sadler 1989. (E) Pulex simulans. Fonte: BYU, 2021.

Apos a infeccdo do vetor, as microfilarias se desenvolvem em L3 na hemocele
destes ectoparasitos. Posteriormente, ocorre a migracdo para o aparelho bucal e
infeccdo do novo hospedeiro vertebrado apds o repasto sanguineo. No tecido
subcutédneo do cdo, a L3 se desenvolve em L4 e L5, quando entdo ocorre a
diferenciacéo entre macho e fémea. Posteriormente, ocorrera a cépula e formacao de
microfilarias, que irdo novamente para a circulagdo sanguinea (Figura 6) (Engelmann
et al., 2019).
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Figura 6. Ciclo biolégico de Acanthocheilonema reconditum. Fonte: Soares
2020.

2.2.3 Epidemiologia

Acanthocheilonema reconditum é descrito na Asia, Africa, América, Oceania e
Europa (Otranto et al., 2013; Mendoza-Roldan et al., 2020). Nas Américas, a maioria
das informacfes sdo da América do Norte e em menor extensdo, na América do Sul,
em paises como Brasil, Chile, Costa Rica e Colémbia (Dantas-Torres, Otranto, 2020;
Espinosa et al., 2020). No Brasil ainda é subestimado o percentual de caes
microfilarémicos e/ou portadores de formas adultas de A. reconditum, devido a
escassez em numero de publicacdes (Leite et al., 2012). As informacbes sobre

prevaléncia de A. reconditum no Brasil estdo contidas na Tabela 3.



Tabela 3. Prevaléncia de infeccéo por Acanthocheilonema reconditum no Brasil.

Regides Cidade (Estado) Prevaléncia Diagnoéstico Referéncia
Centro- oeste Cuiaba (MT) 0,6% Knott modificado FERNANDES et al. (1999)
Nordeste Recife (PE) 6,9% Knott modificado ALVES et al. (1999)
Macei6 (AL) 1,3% Knott modificado BRITO et al. (2001)
S&o Cristovéao (SE) 16,7% Knott modificado SILVA et al. (2017)
Norte Anaja (PA) 2,86% PCR DE ARGOLO et al. (2018)
Chaves (PA) 17,86% PCR DE ARGOLO et al. (2018)
Portel (PA) 3,01% PCR DE ARGOLO et al. (2018)
S&o Sebastido da Boa 14,0% PCR DE ARGOLO et al. (2018)
Vista (PA)
Soure (PA) 9,93% PCR DE ARGOLO et al. (2018)
Sudeste Uberlandia (MG) 1 Caso Esfregaco GOMES et al. (2012)
sanguineo
Sul Antonina, Guaratuba, 22,6% Teste de filtracédo REIFUR, THOMAZ-SOCCOL,
Guaraquecgaba, Ilha de MONTIANI-FERREIRA (2004)
Leste, llha das Pegas,
Ipanema, Montinhos,
Morretes, Pontal do
sul, Praia do Mel,
Shangrila (PR)
Guaratuba (PR) 7,10% Knott modificado LEITE et al. (2012)

2.2.4 Patogenia e sinais clinicos

Acanthocheilonema spp. é considerado pouco patogénico e normalmente séo
diagnosticados acidentalmente (Leite et al., 2012). Infecgbes provocadas por este
género apresentam manifestagcdes dermatolégicas como eritema, prurido, papulas,
focais ou alopecia multifocal (L6pez et al., 2012). Ha relatos na literatura de granuloma

cutaneo causado por Acanthocheilonema spp. diagnosticado através de exames

citolégicos e histopatolégicos (Palacios et al., 2020).
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Os nematddeos adultos de A. reconditum penetram na pele e podem se
manifestar como pequenos nodulos subcutaneos, raramente dolorosos ou com
coceira (Day, 2016). No entanto, é importante realizar o diagnéstico diferencial de
varios tipos de lesBes cutdneas e subcutaneas de origem etioldgica desconhecida
para identificar e assim diferenciar as lesées de origem inflamatoéria, neoplasica ou
mista por meio de analise citolégica (Dzimira, Przadka, 2020). Animais parasitados
por A. reconditum, ja tem sido identificados casos que apresentaram elevada
eosinofilia e aumento da contagem leucocitaria, anemia hemolitica e disturbios a nivel

renal e hepatico (Leite et al., 2012).

Casos acometidos por A. dracunculoides, foram detectadas alteracdes
dermatolégicas como prurido, alopecia, Ulceras na pele, além de efusdo pleural,
dispneia e altera¢des neuroldgicas (Mufioz et al., 2020).

2.3 Cercopithifilaria spp.
2.3.1 Agente etiologico

O género Cercopithifilaria sp. acomete muitas espécies de vertebrados como
primatas, ungulados e carnivoros, incluindo os caes. Este parasito é transmitido para
seus hospedeiros vertebrados por carrapatos ixodideos da espécie R. sanguineus s.|
(Eberhard, 1980; Otranto et al., 2012). Este género compreende 28 espécies de
filarias das quais trés acometem o tecido subcutaneo de caes: C. grassi, C. bainae e
Cercopithifilaria sp. Il (Otranto et al., 2011, 2012, 2013). C. bainae, a mais comum das
espécies reportada em céaes, foi originalmente descrita com base em espécimes
isolados de cées no Brasil (Almeida, Vicente, 1985), e estudada na Italia através da
utilizacdo de métodos classicos e moleculares (Otranto et al., 2013). A classificacao

taxondmica da C. bainae é descrita no Quadro 3.



30

QUADRO 3. Classificacao sistematica de Cercopithifilaria bainae segundo Sistema de
Informacao sobre a Biodiversidade Brasileira - SIBBr (2020).

Reino Animalia

Filo Nematoda

Classe Secernentea

Ordem Spirurida

Familia Onchocercidae

Género Cercopithifilaria

Espécie Cercopithifilaria bainae Almeida & Vicente
1984.

As fémeas de C. bainae possuem entre 14 -19 mm de comprimento e 0s
machos 9,0 -12,0 mm de comprimento. S&o encontrados nos tecidos subcutaneos e
tecidos adiposos perirrenais dos cées infectados (Otranto et al.,, 2013). J4 as
microfilarias presentes na derme possuem em média 180,2 £ 2,3 um de comprimento
e 4,6 £ 0,2 um de largura (Figura 7), com extremidade anterior arredondada, corpo
achatado dorsoventralmente e cuticula espessa com estrias transversais (Otranto et
al., 2013; Ramos et al., 2014).

Figura 7. Microfilaria de Cercopithifilaria bainae. Fonte: (Soares 2020).
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2.3.2 Biologia

Sabe-se que este parasito é transmitido vetorialmente por R. sanguineus s.|
(Brianti et al., 2012; Ramos et al., 2013). Em infeccdo experimental, o
desenvolvimento larval foi detalhadamente analisado em carrapatos (Brianti et al.,
2012). As larvas internas aos carrapatos foram classificadas em quatro diferentes
tipos de desenvolvimento com base em suas caracteristicas morfométricas (Figura 8):
larvas de primeiro estagio em desenvolvimento (DL1), larvas de segundo estagio (L2),
larvas tardias de segundo estagio (LL2) e larvas infectantes de terceiro estagio (L3)
(Brianti et al., 2012). Outras espécies de carrapatos como Ixodes ricinus também
foram avaliados como potenciais vetores, mas sem sucesso (Ramos et al., 2013).
Recentemente, o DNA de C. bainae foi detectado em Rhipicephalus
haemaphysaloides na india, o que sugere que carrapatos de diferentes espécies ou

géneros podem ser potenciais vetores deste nematédeo (Bezerra-Santos et al., 2022).

Figura 8. Estagios de desenvolvimento de Cercopithifilaria bainae. (A) Larvas
de 1° estagio de desenvolvimento (DL1). (B) Larvas de 2° estagio (L2). (C) Larvas
tardias de segundo estagio (LL2) (fase de transicdo que precede o 3° estagio) antes
da muda. (D) Larvas infectantes de 3° estagio (L3). Fonte: Brianti et al. (2012).
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O ciclo de vida envolve larvas infectantes (L3) sendo inoculadas pelo carrapato.
As L3 residem na derme do céo, onde se tornam adultas e reproduzem-se, gerando
as microfilarias. O ciclo € concluido quando os carrapatos ingerem as microfilarias
presentes na derme, enquanto se alimentam nos caes (Figura 9) (Brianti et al., 2012,;
Otranto et al., 2012; Santos et al., 2017).
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Figura 9. Ciclo biolégico de Cercopithifilaria bainae. Fonte: Soares 2020.

2.3.3 Epidemiologia

Ha registros de Cercopithifilaria spp. em cdes em diversas regiées do mundo
como nos continentes Asiatico, Europeu e Americano (Bezerra-Santos, 2022; Otranto
et al., 2012; Cortes et al., 2014; lonica et al., 2014; Boyd et al., 2019; Rojas et al.,
2015; Latrofa et al, 2014; Ramos et al., 2016; Santos et al., 2017; Santos et al., 2018;
Soares, 2020). Na América do Sul, o primeiro relato de Cercopithifilaria spp. foi

descrito no Rio de Janeiro (Almeida, Vicente, 1984).

A tabela 4 demonstra a distribuicdo mundial de Cercopithifilaria spp.



Tabela 4. Distribuicdo mundial de Cercopithifilaria spp.
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Caes

Exame microscépico

Anédlise molecular

Exame microscoépico

Andlise molecular

Referéncia

Prevaléncia (%)

Prevaléncia (%)

Prevaléncia (%)

Prevaléncia (%)

Pais Cidade (Estado)
Asia

india
Brasil

Rio de Janeiro (RJ)

Sé&o Vicente Férrer,

(PE)

Recife, (PE)

Garanhuns, (PE)

Garanhuns, (PE)

Campo Grande, (MS)

Costa Rica

San Ramon, Alajuela

1 céo

1 céo

1 céo

1cao

1 céo

9,5%

3 carrapatos

2,68%

0,93%

BEZERRA-SANTOS et al. (2022)

ALMEIDA, VICENTE (1984)

LATROFA et al. (2014)

RAMOS et al. (2016)

SANTOS et al. (2017)

SANTOS et al. (2018)

SOARES (2020)

ROJAS et al. (2015)



Estados Unidos Flérida
Espanha
La Vera
Grécia
Xanthi
Italia
Bari
Ginosa
Putignano
Basilicata
Sicilia
Portugal
Algarve
Roménia

Delta do Danubio

21,60%

4,30%

12%

13,30%

9,80%

1cao

45,40%

13,60%

5,30%

12,50%

19,50%

1 céo

16,70%

6,40%

5,20%

15,10%

0,50%

3,90%

2,60%

2,60%

34

BOYD et al. (2019)*

OTRANTO et al. (2012)

OTRANTO et al. (2012)

OTRANTO et al. (2012)

CORTES et al. (2014)

IONICA et al. (2014)

*Trabalho publicado por Boyd et al

. (2019) revelou resultados por meio de avaliacdo histopatologica
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2.3.4 Patologia e sinais clinicos

InfeccBes por Cercopithifilaria spp. sugerem que este género pode causar
alteracdes dermatologicas edematosas focais no tecido epidérmico e subdérmico,
além de dermatite intersticial perivascular caracterizada pela presenca de neutrofilos,

eosinofilos e linfécitos (Otranto et al., 2012).

Este parasito tem sido associado a poliartrite crénica, encontrado no liquido
sinovial da articulacéo escapulo-umeral de um animal infectado (Gabrielli et al., 2014).
Entretanto, ainda ndo esta claramente elucidado se a infeccéo por C. bainae afeta a
resposta imunolégica do cdo em relacdo a outros patdégenos transmitidos por
carrapatos ou vice-versa, facilitando a infeccéo por estes agentes durante a picada do

carrapato (Ramos et al., 2014).

Condicdo dermatoldgica foi associada a infec¢é@o primaria por C. bainae em um
cdo da Flérida, Estados Unidos, apresentando histérico com presenca de placas
eritematosas e Ulceras na cabeca. Na avaliacéo histopatolégica, o animal apresentava
quadro eosinofilico a dermatite perivascular linfo-histiocitica com mudltiplos

microgranulomas e rara infec¢éo por microfilarias de C. bainae (Boyd et al., 2019).

Em Campo Grande, Mato Grosso do Sul a C. bainae foi encontrada e associada
a nodulos dérmicos menores que 1 cm. Portanto, ao se tratar de alteracdes
dermatolégicas como, dermatites e papulas foi investigada a infeccdo por
Cercopithifilaria. Animais com acesso a rua foram significativamente associados a
infecg@o pelo parasito devido a maiores chances de exposi¢cao a potenciais vetores
no ambiente associando a ocorréncia por R. sanguineus na mesma regiao, sendo

assim o estudo reforca a importancia da competéncia vetorial (Soares, 2020).

2.4 Métodos diagnosticos

A andlise microscépica pode ser realizada por técnicas que se fundamentam
na deteccdo de microfilarias presentes no sangue ou na pele (Silva, Langoni, 2009;
Ramos et al., 2016).
2.4.1 Técnica de Knott modificado

Esta técnica é caracterizada por ser um método de concentragdo, cuja
vantagens séo o diagnostico facil, rapido e de baixo custo. Para a realizagdo deste

teste € utilizado 1 ml de sangue total, ao qual é adicionado 9 ml de agua em um tubo
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de centrifugacéo. Posteriormente o material € centrifugado a 1500 rpm por 5 minutos.
O sobrenadante resultante € eliminado, e a partir do sedimento sdo confeccionadas
laminas, que apds secagem € corada pelo método de coloragéo rapida e observado
em microscopio o6tico (Magnis et al., 2013).

Por apresentar uma sensibilidade elevada quando comparada as técnicas de
observacdo direta do sangue no microscopio, permite diferenciar as espécies de
microfilarias presentes no sangue através da avaliagcdo morfométrica (Landum, 2013;
Trancoso, 2017).

2.4.2 Gota espessa

Dentre os métodos diretos, a gota espessa € a técnica nao concentrante mais
satisfatoria, seguida do Knott. Dentre as vantagens, apresenta baixo custo além de
ser rapido, por ndo necessitar de centrifugacdo. A técnica consiste na disposicao de
gotas de sangue com anticoagulante entre laminas e laminulas que seréo visualizadas
na objetiva de 10x e 40x. Entretanto, ndo € satisfatoria no que diz respeito a
diferenciacdo da morfologia das espécies de filarias (Gomes et al., 2012; Leite et al.,
2012; Pegado et al., 2019).

2.4.3 Andlise do sedimento de fragmentos de pele

As microfilarias dérmicas podem ser analisadas por exame microscépico do
sedimento de fragmentos cutaneos. Os recortes de pele sdo imersos em solucdo
salina por cerca de 6 horas em temperatura ambiente e todo o sedimento deve ser
examinado microscopicamente em diferentes aumentos (100x e 400x) (Otranto et al.,
2012; Ramos et al., 2016). As diferencas morfométricas e morfologicas (Figura 10)
das microfilarias e das principais espécies de filarideos sanguineos e dérmicos de

ocorréncia no Brasil, de acordo com Ramos et al. (2016), é reportado na Tabela 5.
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Figura 10. Diferencas morfolégicas entre as principais microfilarias de caes. (A).
Acanthocheilonema reconditum. (B) Dirofilaria immitis. (C) Cercopithifilaria bainae.
Fonte: Gruntmeir et al. (2023).

Tabela 5. Diferengas morfométricas e morfologicas das principais microfilarias em

céaes.
Espécie Comprimento e largura Caracteristicas morfoldgicas
Dirofilaria immitis 301,2 uym (x 7,6); 5,9 um (x Extremidade frontal cbnica;
0,8) extremidade posterior reta
Acanthocheilonema 272,3+43ume4,1+0,3um Corpo arredondado e curvado;
reconditum gancho cefélico; extremidade
anterior romba
Cercopithifilaria bainae 180,2+2,3ume 4,6+ 0,2um Corpo achatado dorso-

ventralmente; cuticula espessa

com estrias transversais

2.4.4 Testes imunologicos

O método imunoenzimatico (ELISA) detecta antigenos de dirofilarias em
circulacdo e tém provado ser clinicamente (til, sendo capaz de identificar a maioria
das infeccbes ocultas (presenca de helmintos adultos, porém sem microfilarias em

circulacao) que possuam pelo menos uma fémea (AHS, 2018).

Os testes imunocromatograficos rapidos sao recomendados para deteccédo de
antigeno de parasitos adultos de D. immitis, sdo considerados altamente especificos
e ndo apresentam reatividade cruzada com outros parasitos como D. repens e
Acanthocheilonema spp. (Mccall et al., 2008). Os kits comerciais disponiveis baseiam-
se em ensaios imunoldgicos que detectam antigenos circulantes do aparelho

reprodutor da fémea do parasito (Nelson, Couto, 2010).

Com relacdo a pesquisa de antigenos, imunocomplexos antigenos-anticorpos
podem interferir no resultado dos testes comerciais disponiveis, iSso porque o
antigeno ligado a um complexo imunolégico pode ndo esta disponivel para deteccao.
Deve-se suspeitar dessa possibilidade principalmente quando o resultado negativo

difere da clinica apresentada pelo animal (Digangi, 2017)

Os testes de antigeno detectam o parasito apos 7 a 8 meses pos infec¢do e o
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nivel de antigeno existente esta diretamente relacionado com o niumero de fémeas
presentes (Smith et al., 2015). Embora minima, existe a possibilidade de ocorréncia
de falso-negativos e falso-positivos. Os falso-negativos podem ocorrem devido a
presenca exclusiva de parasitos machos, fémeas imaturas, falha no seguimento das
instrucdes dos kits de teste e infeccdes leves. Os resultados dos testes de antigeno
devem ser interpretados com cautela, levando em conta outras informacdes médicas
relevantes (AHS, 2014).

A utilizacdo de lactonas macrociclicas, como a moxidectina injetavel de agéo
lenta (ProHeart®), apesar de ter seu efeito microfilaricida comprovado (Bowman et al.,
2017; Mctier et al., 2017), em cées portadores da infec¢éo é apontada como possivel
causa de reducdo da sensibilidade dos testes. Haveria aumento na producéo de
anticorpos especificos pelo hospedeiro, 0 que reduziria a quantidade de antigenos
livres disponiveis para serem detectados pelos testes e assim 0s resultados seriam
falsos negativos (Little et al., 2014; Drake et al.,, 2015). Para obter resultados
confiaveis e reprodutiveis, a prova de antigeno deve ser realizadas em conformidade

com as instrugdes do fabricante.

O teste de diagndstico rapido SNAP 4Dx® detecta antigenos circulantes de D.
immitis (Henry et al., 2018), desta forma, esta ferramenta de diagnéstico ndo permite
deteccdo para éspecies de microfilarias dérmicas, como Acanthocheilonema spp. e

Cercopthiphilaria spp.

2.4.5 Métodos moleculares

A Reacdo em Cadeia da Polimerase (PCR) é uma ferramenta molecular que
tém sido usada para identificacdo de espécies de filarideos (Otranto et al., 2011). Nos
ultimos anos tem-se desenvolvido métodos moleculares para identificacdo de
filarideos que permite um diagndstico com maior sensibilidade e especificidade
(Mccall et al.,, 2008). No método PCR multiplex podem ser detectadas
simultaneamente diferentes espécies de filarias comuns que infectam cées, como D.
immitis e D. repens, A. reconditum e Cercopithifilaria sp. tanto nos vetores como nos
hospedeiros vertebrados, tornando-se uma ferramenta importante em levantamentos
epidemioldgicos de areas endémicas (Latrofa et al., 2012). No geral, ttm como alvo a
deteccdo de uma sequéncia parcial do gene subunidade 1 da enzima citocromo
oxidase mitocondrial (coxl DNAmt) (Ferri et al., 2009) e 12S rRNA, de
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Acanthocheilonema spp., Cercopithifilaria spp., e Dirofilaria spp. (Otranto et al., 2011).

Apesar da PCR ser considerada uma técnica de alto custo, a caracterizacao
molecular de filarideos tem se mostrado uma ferramenta de extrema importancia, pois
auxiliam na identificagdo desses parasitos, no conhecimento sobre mecanismos de
acao e resisténcia de alguns farmacos utilizados no tratamento de filarideos (Genchi
et al.,, 2007). Além desta técnica, a PCR multiplex também pode ser utilizada para

detectar e diferenciar simultdneamente os filarideos caninos (Latrofa et al., 2012).

A PCR multiplex padronizada reduz o custo com reagentes, o tempo de
processamento e o risco de contaminagdo, possibilitando também a deteccao
especifica de duas espécies de filarideos mais comuns de caes, sendo importante
tanto para estudos epidemiolégicos, como para diagnostico em areas de co-infecg¢édo
(Gioia et al., 2010).

A PCR multiplex realizada em DNA é capaz de detectar niveis baixos para
microfilarias dérmicas de A. reconditum; D.repens e para D. immitis, sendo capaz de
representar um método Util para a discriminagdo simultdnea, bem como para um
diagnéstico rapido de filarideos caninos incluindo Cercopithifilaria sp. (Latrofa et al.,
2012).

Em estudo, ao comparar os métodos PCR duplex e gPCR em tempo real para
deteccado de D. immitis e D. repens, notou-se que a primeiro ensaio molecular citado,
tem a vantagem de detectar amostras positivas com concentracdo mais baixa,
encontrado um limite inferior de deteccgédo, respectivamente de (8,0 x 107® mf/ul) ,
(2,4 x 107* mf/ul). Ainda assim, o presente método tem a vantagem de detectar outros
filarideos com um dnico par de primers e separa-los com base em suas curvas de
dissociacao de alta resolucado (HRM-curvas), o que torna menos trabalhoso na triagem
de um grande numero de cades. Uma limitacdo do método € o uso de uma amostra
positiva como ponto de partida da curva padréo, desta forma exige a extrapolagao de

valores de microfilaremia acima da curva (Rojas et al., 2015).

A abordagem molecular desenvolvida utilizando tecnologias TagMan multiplex
gPCR representa uma melhora no diagnéstico da filariose canina, bem como a
deteccdo do endossimbionte Wolbachia a nivel de sangue canino. Além disso, a
implementacdo de um ensaio qPCR triplex € altamente sensivel e especifico para

identificacdo de formas ocultas (Laidoudi et al., 2020).
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2.5 Tratamento

Para o tratamento da D. immitis a American Heartworm Society (AHS)
recomenda o uso de doxiciclina associado a uma lactona macrociclica antes do
regime de trés doses de melarsomina (ndo é comercializada no Brasil) para o
tratamento em cades aparentemente saudaveis, mas infectados. O uso de lactonas
macrociclicas isoladamente como adulticida de morte lenta ndo € recomendado. O
tromboembolismo pulmonar € uma consequéncia inevitavel da terapia com
adulticidas, porém esta complicacdo pode ser reduzida restringindo o exercicio
durante o periodo de recuperacdo (30-40 dias) acrescentado da administracdo de
glicocorticoides, como prednisolona, que é rotineiramente dosado em 0,5 mg/kg
durante a 12 semana e 0,5 mg/kg uma vez ao dia durante a 22 semana, seguido em

0,5 mg/kg em dias alternados durante 1-2 semanas (AHS, 2018).

Embora os protocolos de “slow-kill’ ndo sejam recomendados pelo American
Heartworm Society (Nelson et al, 2018), em areas como o Brasil onde a prevaléncia
de dirofilariose é substancial, protocolos alternativos que consiste no uso das lactonas
macrocilicas mensais associadas ao ciclo de doxiciclina e até mesmo de
corticoesterdides para reduzir a inflamacéo causada pelo verme adulto e pela bactéria
do género Wolbachia devem ser considerados para uso compassivo sob critério
veterinario para fornecer tratamento de caes infectados com dirofilariose (Alberigi et
al., 2020).

A intervencdo cirargica € aconselhada quando véarias microfilarias deslocam-se
para a camara cardiaca direita, produzindo o inicio subito da sindrome da veia cava
(Simon et al., 2012). A terapia adulticida € recomendada algumas semanas apoés a

cirurgia para eliminar as larvas restantes (AHS, 2018).

A eficacia no tratamento adulticida € confirmado com a realizacao do teste de
antigeno para dirofilariose, apds 6 meses de tratamento espera-se a morte das formas
adultas (Maxwell et al., 2014).

Apesar de ndo possuir farmacos especificos para o tratamento de A. reconditum
estudo demonstra a eficacia na administracéo spot-on associada de moxidectina 2,5%
com imidaclopramida 10% na eliminacéo de larvas infectantes (Traversa et al., 2013).
Ha relato na literatura de um céo diagnosticado com granuloma cutdneo por

microfilaria de Acanthocheilonema spp. que obteve excelente resultado com o
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tratamento cirdrgico e clinico prescrito com antiflamatério e analgésico (Palacios et al.,
2022).

Nenhum tratamento esta disponivel contra os parasitos do género
Cercopithifilaria. No entanto, notou-se que no caso em que microfilarias de C. bainae
foram encontradas em liquido sinovial de um cdo com poliartrite crénica, tratamento
com 2 ciclos de antiflamatorios, sendo o primeiro administrado Meloxican na dose de
0.1 mg/kg (Metacam, Boehringer Ingelheim, Germany); o segundo ciclo com
Robenacoxib 1 mg/kg (Onsior, Novartis, USA), respectivamente e com a evolugao
positiva do quadro clinico, o animal foi tratado com Prednisona na dose de 1mg/kg
(Vetsolone, Bayer, Italy) por 10 dias, resultou em recuperacdo parcial temporaria.
Porém 7 meses apds o inicio do tratamento em virtude de complicac6es o céo foi
tratado especificamente com milbemicina oxima (Milbemax, Novartis, Switzerland),
administrado por via oral na dose de 0,5mg/kg, uma vez a cada 7 dias por 3 semanas,

entretanto ndo resultou em melhora clinica (Gabrielli et al., 2014).

Nos Estados Unidos, cdo com alteracdo dermatoldgica teve o quadro clinico
sanado apdés ser submetido ao tratamento com spot-on composta por formulacao de
imidacloprida e moxidectina (Boyd et al., 2019). Em Mato Grosso do Sul, paciente
canino com cisto cutaneo gigante infectado por C. bainae foi recomendado resseccéo
do cisto gigante e posteriormente foi tratado com ivermectina por duas semanas e o

quadro clinico foi completamente sanado (Soares et al., 2020).

2.6 Profilaxia

A prevencdo da infeccdo por D. immitis € realizada através do uso de
quimioterapicos pertencentes a classe das lactonas macrociclicas, como
ivermectinas, milbemicina, oxima, moxidectina e selamectina, que devem ser iniciados
antes da oitava semana de vida, principalmente em areas endémicas. Posteriormente,
a oitava semana de vida, cées expostos ao ar livre e sem prote¢cdo em areas com alta
endemicidade, devem ser testados seis meses apos a dose inicial, seguido por testes
anuais. Antes de iniciar a prevencao em caes a partir dos sete meses de idade ou
mais, recomenda-se a realizacdo de teste de antigeno e de microfilarias circulantes,
esta conduta garante a detecgéo da infeccao subclinica, evitando assim a duvida da
eficacia do programa de prevencao, particularmente quando a infecgao pré-existente

s se torna evidente ap0s o inicio da terapéutica preventiva, em casos em que a
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quimioprofilaxia foi iniciada durante o periodo pré-patente (AHS, 2018).

Em regides altamente endémicas é indicado a adi¢do de produtos repelentes e
ectoparasiticida, apesar de serem uteis ndo sdo completamente eficazes quando
utilizado como Unica ferramenta na prevencédo da dirofilariose em regiées endémicas
(AHS, 2018).

Para Acanthocheilonema spp. é recomendado evitar o contato com pulgas e
piolhos, pois o controle das pulgas e piolhos malofagos deve ser realizado
periodicamente. As principais formas de prevencdo e controle sdo contra 0s
hospedeiros intermediarios, podendo ser realizada no animal utilizando coleira
repelente, por aplicacdo direta no animal e no ambiente. Para as pulgas o mais
eficiente € o controle ambiental. Para Cercopithifilaria spp. a melhor estratégia contra
esse filarideo € proteger os cdes contra infestacbes por carrapatos, usando
substancias pertencentes ao grupo dos organofosforados por serem eficientes, porém
eles ndo impedem que o invertebrado entre em contato com o cdo, apenas o matam

apos hematofagia (Leite et al., 2012; Coelho, Soares, Ramos, 2020).

Existem diversos farmacos que podem ser utilizados como medicacdo
profilatica, podendo ser administradas por via oral e tépica (Labarthe et al., 2015;
Moraes-da-Silva et al., 2016; Bowman et al., 2017). O quadro 4 reporta os farmacos

preventivos para caes de acordo Soares (2022).



Quadro 4. Profilaticos parasiticidas para caes de acordo Soares (2022).
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Nome Comercial

Principio Ativo Duragéo Apresentacao Via de
Administracdo
Frontmax Fipronil, 8 meses Coleira Tépico
Piriproxifen e
Permetrina
Leevre Deltametrina e 6 meses Coleira Topico
Pro- poxur
Seresto Imidacloprida e 6 meses Coleira Tépico
Flumetrina
Nexgard Spectra Afoxolaner e Mensal Comprimido Oral
Milbemicina
oxima
Milbemax Milbemicina Mensal Comprimido Oral
Oxima e
Praziguantel
Endogard/Top Febantel, Mensal Comprimido Oral
Dog/Vermivet Pirantel,
Iver/Canex Premium/ Praziquantel e
Zenprox Ivermectina
Mectimax Ivermectina Semanal Comprimido Oral
Advocate Imidacloprida e Mensal Pipeta Topico
Moxidectina
Advantage Max 3 Imidacloprida e Mensal Pipeta Tépico
Permetrina
Vectra 3D Dinotefuran, Mensal Pipeta Tépico
Piriproxifen e
Permetrina
Revolution Selamectina Mensal Pipeta Topico
ProHeart Moxidectina Anual Injetavel Subcutaneo
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3. OBJETIVOS

3.1 Geral

Determinar a prevaléncia da infeccéo por filarideos sanguineos e dérmicos em

caes residentes em uma area costeira turistica do Estado de Pernambuco.

3.2 Especificos
Caracterizar morfologicamente microfilarias de filarideos;

Caracterizar molecularmente diferentes espécies de filarideos que acometem

0s cdes na area de estudo;

Avaliar as possiveis coinfeccbes entre filarideos e outros patdégenos

transmitidos por vetores;

Obter dados epidemioldgicos sobre as infecgbes por filarideos em céaes
residentes na Regido Metropolitana do Recife e Litoral Sul do Estado de Pernambuco.
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Filarial nematodes in dogs from the Northeast Region of Brazil

Abstract

Purpose Medical and veterinary filarial nematodes are transmitted by blood-feeding vectors. In dogs, these
parasites are mainly represented by nematodes in which microfilariae dwell in the blood (Dirofilaria spp. and
Acanthocheilonema spp.) or skin (Cercopithifilaria spp. and Onchocerca lupi). The aim of this study was to
determine the prevalence of these filarial infections in dogs residing in a touristic, heavily populated location in
the northeastern region of Brazil.

Methods Blood samples (n = 245) were assessed by a modified Knott test, followed by a qualitative ELISA test
(SNAP® 4Dx® Plus, IDEXX Laboratory, Westbrook, Maine, USA) for the detection of antibodies against
Anaplasma spp., Borrelia burgdorferi sensu lato, Ehrlichia spp. and antigens of Dirofilaria immitis. Skin samples
(n =71) were microscopically examined and molecularly assessed through a PCR targeting the 12S rRNA gene.
Results Microfilariae and antigen of D. immitis were detected simultaneously in 15 (6.1%; 95% CI = 3.7-9.8)
animals. Nine animals (3.6%; 95% CI = 1.9-6.8) were D. immitis antigen positive but microfilariae negative and
nine other animals (3.6%; 95% CI = 1.9-6.8) were microfilariae positive but D. immitis antigen negative. D.
immitis positive dogs were found in four different municipalities. No filarioids were detected in the skin after
microscopical and molecular analyses.

Conclusion Data from this study demonstrate that D. immitis is the main filarial nematode infecting dogs in coastal
areas in northeastern Brazil. Based on the potential risk of infection in which animals are submitted, it is essential
to perform tests to detect microfilariae and D. immitis antigen. Preventive measures must be adopted by using

microfilaricidal compounds and anti-feeding insecticides to prevent canine infection.

Keywords: Acanthocheilonema reconditum- Beach area- Cercopithifilaria bainae- Dirofilaria immitis -

Z00nosis.
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5.1 Introduction

The family Onchocercidae (Rhabditida: Filarioidea) comprises nematodes of particular interest due to their
high impact on human and animal health [1]. These parasites are transmitted through blood-feeding vector
arthropods (e.g., mosquitoes, fleas, lice, and ticks) and may infect a wide plethora of wild and domestic animals,
especially dogs [2, 3]. Various species can parasitize dogs, some of which have microfilariae present in their blood,
such as Dirofilaria spp. and Acanthocheilonema spp., while others have them in their skin, including
Cercopithifilaria spp. and Onchocerca lupi [4].

Among those in which microfilariae are detected in the blood, the genus Dirofilaria is the most important
due to the virulence presented by the species Dirofilaria immitis [5,6]. This filarioid parasitizes the right ventricle
and pulmonary arteries, and infective stage is transmitted by mosquitoes (e.g., Culex spp., Aedes spp., and
Anopheles spp.) [7-10]. In the Americas, D. immitis infection is widely distributed from the United States to
Argentina, with prevalence ranging from 1% to 40% [11, 12]. In Brazil, prevalence values over 30% have been
observed [11, 13], with some areas in the northeastern region with 12.9% [14] and 5.5% [15]. Despite being less
studied, Acanthocheilonema reconditum has been reported in the same areas of D. immitis, and the differential
diagnosis is imperative.

Blood filarioids are uniquely considered epidemiologically crucial for the canine population for the last few
decades. In recent years, attention has also been given to skin-dwelling filarioid nematodes such as
Cercopithifilaria and Onchocerca [3, 16]. The genus Cercopithifilaria comprises of three species that may infect
dogs (i.e., Cercopithifilaria bainae, Cercopithifilaria grassi, and Cercopithifilaria sp. 11 [17], but most of the
knowledge accumulated over the last year is restricted to C. bainae [18, 19]. The life cycle shows that brown dog
tick, Rhipicephalus sanguineus sensu lato, is transmitting this pathogen, which is evident by previous studies
showing overlap [20]. In Brazil, C. bainae in dogs and R. sanguineus s.1. are restricted to reports from the Southeast
[21], Northeast [20, 22, 23] and Mid-West regions [24]. Despite being considered to be minimal in virulent
relevance, there are reports of dermatitis [25], polyarthritis [26] and the presence of a giant cyst [24] associated
with C. bainae infection.

The diversity of filarial nematodes in a canine population is linked to the availability of definitive hosts and
vectors, as well suitable environmental conditions that promote vector proliferation [27]. In recent years, the
intense global mobility of pets within and between countries traversing large geographic distances has been
recognized as a global public health and veterinary concern. Leading to vectors expansion and potentially

increasing zoonotic transmission into new areas. Therefore, the aim of this study was to determine the prevalence
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of filarial infection in dogs living in a touristic region with a constant interaction of both animals and humans year-

round.

5.2 Material and Methods

5.2.1. Study area
The study was conducted in seven municipalities of the South Coast of Pernambuco, northeastern Brazil

(Fig. 1). Mangroves are a key feature in the area and are close to fragments of the Atlantic Forest. This region has
an average temperature of 25 °C (18 °C — 31 °C), average annual rainfall of 1,250 mm (1,000 mm — 2,200 mm)
and an average relative humidity of 80%. According to the Kdppen classification, the humid tropical climate (As)
is predominant in the study area [28]. In addition, the region is known for high touristic attraction and has a

continuous influx of humans and animals throughout the year.
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Fig. 1 Study area: map of Brazil indicating the state of Pernambuco and municipalities where animals were

sampled.

5.2.2. Blood and skin sampling
The minimum sample size required (n = 245) was calculated considering the estimated canine population of

the region (n = 70,068). This estimation followed a proportion of previously established of human/dog (4.4/1)
[29]. The margin of error was calculated at 5% and a confidence interval of 95% for this estimation [30].

From February to September 2021, blood samples (n = 245) were collected from the cephalic vein of dogs
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and stored in tubes containing an anticoagulant (ethylenediaminetetraacetic acid — EDTA). Fragments of skin
samples (n = 71) were collected using a disposable punch (2 mm diameter) from the inter-scapular region. The
low number of skin samples was due to the low adherence of dog owners in the collection of skin.

5.2.3. Microscopic examination of blood and skin

Blood samples were processed by the modified Knott test [31]. Briefly, 1 mL of whole blood was mixed
with 9 mL of 2% formalin in a conical tube and centrifuged for 5 minutes. The supernatant was removed, and the
pellet was mixed with 1% methylene blue dye. Approximately 20 L of the material was transferred to slides and
examined under optical microscopy at different magnifications (40 and 100X) [32]. Skin samples were examined
according to Otranto et al. [18]. Each fragment was soaked in saline solution for about 6 hours at room temperature,
and the sediment was examined microscopically at different magnifications (10 and 40X). The skin fragment that
remained was stored at -20 °C until molecular processing.

5.2.4. ELISA test and molecular examination of the skin
Blood samples were tested by an ELISA test (SNAP® 4Dx® Plus, IDEXX Laboratory, Westbrook, Maine,

USA), which detects antibodies to Anaplasma spp. (A. platys/A. phagocytophilum), Ehrlichia spp. (E. canis/E.
ewingii), Borrelia burgdorferi s.I. and D. immitis antigens. The immunological test was performed according to
the manufacturer’s recommendations.

Genomic DNA of skin samples was extracted using a commercial kit (Reliaprep ™ gDNA Tissue Miniprep
System Kit, Promega®, USA) according to the manufacturer’s instructions. In order to detect Cercopithifilaria
spp., DNA skin samples were analyzed by amplification of 330 bp using a set of primers (Filal2SF: 5’-
CGGGAGTAAAGTTTTGTTTAAACCG-3* and Filal2SR: 5 -CATTGACGGATGGTTTGTACCAC-3%)
designed on the 12S rRNA gene [18].

5.2.5. Data analysis and maps creation

Absolute and relative frequencies were calculated. Confidence intervals (95% CI) were considered, and the
modified Wilson method was applied (https://epitools.ausvet.com.au/ciproportion). The Chi-square test was used
to compare D. immitis antigen detection versus D. immitis plus co-infections at the ELISA test, and differences in
positivity for sex, age and breed among D. immitis positive dogs at ELISA test. All analyzes were performed with
the BioEstat 5.0 software [33].

A map was created using the QGIS 3.22.10 software, in which georeferenced data were inserted in
continuous cartographic base (Shapefiles, version 2017) available at Brazilian Institute for Geography and

Statistics database [34].
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5.3. Results

Overall, microfilariae and antigen of D. immitis were detected simultaneously in 15 (6.1%; 95% CI = 3.7—
9.8) animals. Nine animals (3.6%; 95% CI = 1.9-6.8) were D. immitis antigen positive but microfilariae negative
and nine other animals (3.6%; 95% CI = 1.9-6.8) were microfilariae positive but D. immitis antigen negative.
Table 1 shows the frequency of blood microscopy and ELISA tests results, including co-infections by other
vector-borne pathogens. D. immitis plus co-infections showed significance when compared to single infections of
only D. immitis (x? = 4.5111; p = 0.0337). No statistical difference was observed between male and female (x? =
0,344; p = 0,5573) and between breed and crossbreed (x> = 3,314; p = 0,0687). Conversely, positivity of animals
aging > 2 to 5 years-old was statistically significant when compared to other ages (x> = 7,6138; p = 0,0222).
Table 2 shows the frequency of D. immitis antigen and microfilariae positive dogs according the municipality

of sampling. No filarioids were detected in the skin after microscopic and molecular analysis.



Table 1 Frequency of positive dogs in the modified Knott’s test and ELISA test for Dirofilaria immitis, Ehrlichia spp. and Anaplasma spp.
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ELISA test
Variables Knott test D. immitis D. immitis + E. canis  D. immitis + E. canis + A.  E. canis A. platys E. canis + A. platys
platys
n/N (%; 95% CI)

Overall 24/245 7/245 15/245 2/245 39/245 1/245 8/245
positivity (9.8, 6.7-14.2) (2.9, 1.4-5.8) (6.1;3.7-9.8) (0.8; 0.2-0.9) (16; 11.9-21) (0.4;0-2.3) (3.3, 1.7-6.3)
Male 12/116 5/116 4/116 1/116 17/116 1/116 3/116

(10.3; 6-17.2) (4.3;1.8-9.7) (3.4; 1.3-8.5) (0.9;0.1-4.7) (14.7,9.4-22.2) (0.9;0.1-4.7) (2.6;0.9-7.3)
Female 12/129 2/129 11/129 1/129 22/129 0 5/129

(9.3; 5.4-15.6) (1.5; 0.4-5.5) (8.5; 4.8-14.6) (0.5; 0.1-4.3) (17;11.5-24.5) (3.9;1.7-8.7)
Crossbreed 19/152 3/152 14/152 2/152 34/152 0 8/152

(12.5;8.1-18.7) (2; 0.7-5.6) (9.2; 5.6-14.9) (1.3; 0.4-4.7%) (22.4; 16.5-29.6) (5.3; 2.7-10)
Breed 5/93 4/93 1/93 0 5/93 1/93 0

(5.4; 2.3-12) (4.3; 1.7-10.5) (1.1;0.2-5.8) (5.4; 2.3-12) (1.1;0.2-5.8)
<2 years 2/65 2/65 3/65 0 0 0 1/65

(3; 0.8-10.5) (3; 0.8-10.5) (4.6; 1.6-12.7) (1.5; 0.2-8.2)
>2to5years 18/112 4/112 11/112 0 29/112 0 5/112

(16; 10.4-24) (3.6; 1.4-8.8) (9.8; 5.6-16.7) (25.9; 18.7-34.7) (4.5; 1.9-10)
>5 years 4/68 1/68 1/68 0 10/68 1/68 2/68

(5.9;2.3-14.2) (1.5;0.3-7.9) (1.5;0.3-7.9) (14.7; 8.2-25) (1.4;0.3-7.9) (2.9;0.8-10.1)

*Cl, confidence interval; n, number of dogs positives; N, number total of dogs.



Table 2 Distribution of D. immitis antigen and microfilariae positive dogs according to the municipality of sampling.

Municipality Animals sampled Microfilgriae + I?._immitis D. immiti_s_antigen Microfilarie positive
antigen positive positive
Cabo de Santo Agostinho 132 1 3 5
Escada 7 1 1 0
Ipojuca 97 12 4 4
Jaboatdo dos Guararapes 2 1 1 0
Recife 1 0 0 0
Rio Formoso 1 0 0 0
Sirinhaém 5 0 0 0
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5.4. Discussion

This study reports the occurrence of blood filarial nematodes and co-infections in dogs that inhabit an area
characterized by a high and continuous flow of animals and humans throughout the year. The prevalence of D.
immitis infection (9.8%; 95% CI = 6.7 — 14.2) observed in the study area highlights the need for preventive
measures in the dog population using microfilaricidal compounds and anti-feeding insecticides to prevent canine
infection. The presence of D. immitis hotspots in coast zones has been reported in northeastern Brazil, with
prevalence varying from 12.9% to 49.5% [11, 14, 35, 36]. These areas present suitable climate conditions
(temperature ranging from 25 °C to 28 °C, and relative humidity mean of 80%) for the development of vectors
and extrinsic incubation period for D. immitis [37]. It is known that the success of larval development within the
mosquito host is temperature dependent. When the temperature falls below the minimum threshold, (14°C),
development of the transmitting vector will cease [38].

The absence of D. immitis antigen in nine microfilaremic dogs suggests the infection of Acanthocheilonema
spp., a nematode transmitted by ectoparasites (e.g., fleas and lice) found worldwide [39]. Despite low virulence,
massive infections by Acanthocheilonema spp. have been recently associated to anemia in dogs [40]. In addition,
evidence of sympatry with other Dirofilaria spp. may require differentiation in microscopic and molecular
diagnostics between both filarioids [14, 32]. The presence of different filarioids in the canine population in this
area reinforces the importance of immunological tests for detecting D. immitis antigens.

The co-infection among D. immitis and other pathogens (i.e., Anaplasma spp. and Ehrlichia spp.) follows a
trend observed in tropical regions where vectors are present throughout the year. While the presence of multiple
infections has been reported in dogs of northeastern Brazil [14, 15, 35] the ELISA test can detect antibodies against
Ehrlichia spp. and Anaplasma spp., indicating exposure of this animals to these pathogens. These findings on
multiple infections emphasize the importance of enhancing veterinary practitioners’ awareness of the high
frequency and potential missed diagnosed co-infections in dogs found in this area [14].

There was no statistical difference in positivity for D. immitis antigen or microfilariae between male and
female and breed and crossbreed animals, which revealed that regardless of the sex or the breed, animals in this
study might be equally exposed to the infection. The statistical predominance of D. immitis and microfilariae-
infected animals among the dog population aged > 2 to 5 years old likely might be related to the highest number
(n =112) of samples collected in this age compared to other age groups.

The distribution of dogs infected by D. immitis was observed in four municipalities but with a higher
concentration in Cabo de Santo Agostinho and Ipojuca. Since all municipalities present similar climate conditions

that allow vector development, this difference is related to number of samples collected. In fact, more than 90%
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(n = 229) of samples were collected in these two municipalities which impair a reliable statistical comparison.
Both municipalities are characterized by several beaches that attract a constant flow and interaction of animals and
humans from different Brazilian regions year-round. This constant presence poses an additional risk of spreading
D. immitis, since animals from non-endemic areas are exposed to infected vectors. The epidemiology of D. immitis
in dogs has been studied in the region since the late 1990s [41], and the situation has no evidence of change
according to more recent studies [11, 14]. Health authorities should be aware of the zoonotic risk of D. immitis,
and considering the epidemiological situation of the study area, the presence of asymptomatic humans cannot be
ruled out.

No skin-dwelling microfilariae were detected during microscopic and molecular examination. C. bainae had
been detected in dogs and ticks in the northeastern region of Brazil [22, 23], but in this study, a low number of
skin samples were analyzed due to the lack of the sampling. It is important to note that collecting skin snips is a
minimally invasive technique and does not offer any risk to the dog when appropriately performed. The reduced
number of skin samples and no ticks collected are limitations of this study, a factor to be addressed in future
assessments.

Data from this study demonstrate that D. immitis is the main filarial nematode infecting dogs in beach areas
in northeastern Brazil. Based on the potential risk of infection, it is essential to perform the recommended bi-
annual screening for microfilariae and antigen specific to D. immitis through integrative microscopic and
immunological testing. Moreover, continued research on the epidemiology and biology of Acanthocheilonema
spp. and its potential impact on disease dynamics is crucial for devising targeted interventions and ensuring the
health and well-being on a One Health level. Understanding different filarial species prevalence and interactions
can inform effective control and prevention strategies. Preventive measures can include microfilaricidal

compounds, anti-feeding insecticides, and environmental management control for culicid populations.
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Supplementary file 1. Individual data of all animals, sampling, tests performed.

Animal | Sex Age Modified Knott’s test SNAP® 4Dx Plus B'ggﬁeii‘irgﬁ'e Co”eggi"nns‘;fnf’;feosd and ex:::icr:gfﬁ)onpis‘fdn
1 Female 6 years Absence of microfilariae Ehrlichia spp. 3 1 Negative
2 Female 1 year Absence of microfilariae Negative 4 2 Negative
3 Male 3 years Absence of microfilariae Ehrlichia spp. 5 13 Negative
4 Female 4 months Absence of microfilariae Negative 6 15 Negative
5 Male 10 month Absence of microfilariae Negative 7 25 Negative
6 Female 1 year Absence of microfilariae Negative 8 30 Negative
7 Male 2 years Absence of microfilariae Negative 9 31 Negative
8 Female 2 years Absence of microfilariae Negative 10 32 Negative
9 Male 3 months Absence of microfilariae Negative 11 33 Negative
10 Male 10 years Absence of microfilariae Ehrlichia spp. 12 34 Negative
11 Female 10 month Absence of microfilariae Ehrlichia spp. 14 35 Negative
12 Female 7 months Absence of microfilariae Negative 16 36 Negative
13 Female 7 years Absence of microfilariae EX;Z;T;?;‘;pS'pa;d 17 37 Negative
14 Female 2 years Presence of microfilariae Ehr“Chiirirfﬁgé and D. 18 38 Negative
15 Female 7 years Absence of microfilariae Ehrlichia spp. 19 40 Negative
16 Male 3 years Presence of microfilariae Ehrlichia spp. 20 41 Negative
17 Female 8 years Absence of microfilariae Ehrlichia spp. 21 42 Negative
18 Male 3 years Presence of microfilariae D. immitis 22 48 Negative
19 Female 3 years Absence of microfilariae Ehr“Chiiri;?Eé and D. 23 49 Negative
20 Female 7 years Absence of microfilariae D. immitis 24 50 Negative
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Ehrlichia spp. and D.

21 Female 1 year Presence of microfilariae immitis 26 51 Negative
22 Female 4 years Presence of microfilariae Ehrlichia spp. 27 52 Negative
23 Female 10 months | Absence of microfilariae Negative 28 53 Negative
24 Female 2 years Absence of microfilariae Negative 29 54 Negative
25 Male 5 years Presence of microfilariae Ehrlichia spp. 39 55 Negative
26 Female 4,3 years Presence of microfilariae D. immitis 43 56 Negative
27 Male 1 year Absence of microfilariae Negative 44 87 Negative
28 Male 3 years Absence of microfilariae Negative 45 88 Negative
29 Female 8 months Absence of microfilariae Negative 46 89 Negative
30 Male 8 years Absence of microfilariae D. immitis 47 90 Negative
31 Male adult Absence of microfilariae D. immitis 57 91 Negative
32 Female adult Absence of microfilariae Ehrlichia spp. 58 92 Negative
33 Female adult Presence of microfilariae Ehrlichia spp. 59 93 Negative
34 Female adult Absence of microfilariae Ehrlichia spp. 60 94 Negative
35 Male 7 years Presence of microfilariae Ezagzﬂzgzps'pa;d 61 95 Negative
Ehrlichia spp.;
36 Female adult Absence of microfilariae Anaplas_ma spp and D. 62 96 Negative
immitis
37 Female adult Absence of microfilariae Ehrlichia spp. 63 97 Negative
38 Male adult Absence of microfilariae Ehrlichia spp. 64 98 Negative
39 Male adult Absence of microfilariae Ehrlichia spp. 65 99 Negative
40 Female adult Absence of microfilariae Ehrlichia spp. 66 100 Negative
41 Female adult Presence of microfilariae Ehrlichia spp. and D. 67 101 Negative

immitis
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42 Female adult Absence of microfilariae Ehrlichia spp. 68 102 Negative
43 Male adult Presence of microfilariae Ehrlmh;;;?gg and D. 69 103 Negative
44 Male adult Absence of microfilariae Negative 70 104 Negative
45 Female 11 years Absence of microfilariae Ehrlichia spp. 71 105 Negative
46 Female 3 years Absence of microfilariae Ehr“Chi';;?Eé and D. 72 106 Negative
47 Male 2,8 years Absence of microfilariae Negative 73 123 Negative
48 Female 5,2 years Absence of microfilariae Ehrlichia spp. and 74 124 Negative
Anaplasma spp.
49 Male adult Absence of microfilariae Negative 75 125 Negative
50 Female adult Presence of microfilariae Ehr“Chi'rir;?Eé and D. 76 126 Negative
51 Female adult Absence of microfilariae Ehr“Chi'rir;?gé and D. 77 127 Negative
52 Female adult Absence of microfilariae Ehrlichia spp. 78 128 Negative
53 Female adult Absence of microfilariae Ehrlichia spp. 79 129 Negative
54 Male adult Absence of microfilariae Negative 80 130 Negative
55 Male adult Presence of microfilariae Ehrlichia spp. 81 131 Negative
56 Male adult Absence of microfilariae Negative 82 132 Negative
57 Female adult Absence of microfilariae Negative 83 133 Negative
58 Female 1 year Absence of microfilariae Ehrlichia 84 134 Negative
59 Female 2,8 years Absence of microfilariae Ehrlichia spp. and 85 135 Negative
Anaplasma spp.
60 Female 7 months Absence of microfilariae Ehrlichia spp. 86 136 Negative
61 Male 6 years Absence of microfilariae Negative 107 137 Negative
62 Male 6 years Presence of microfilariae Ehrlichia spp. 108 138 Negative
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63 Female 8 years Absence of microfilariae Ehrlichia spp. 109 139 Negative
64 Female 5 years Absence of microfilariae Negative 110 140 Negative
65 Male 9 months Absence of microfilariae Negative 111 141 Negative
66 Male 4 months Absence of microfilariae Negative 112 142 Negative
67 Male 7 months | Absence of microfilariae Negative 113 145 Negative
68 Female 2 years Absence of microfilariae Negative 114 146 Negative
69 Female 10 months | Absence of microfilariae Negative 115 147 Negative
70 Male 5 months Absence of microfilariae Ehrlichia spp. 116 148 Negative
71 Male 13 years Absence of microfilariae Ehrlichia spp. 117 149 Negative
72 Female 6 years Absence of microfilariae Negative 118
73 Female 1 year Absence of microfilariae Eﬂﬂgfﬁ;zpépa;d 119
74 Female adult Absence of microfilariae Negative 120
75 Female 2,8 years Absence of microfilariae Negative 121
76 Male 13 years Absence of microfilariae Negative 122
77 Female 6 years Absence of microfilariae Ehrlichia spp. 143
78 Male 9 months Absence of microfilariae E/ermgg;éiézps'pa;d 144
79 Male 5 years Absence of microfilariae Negative 150
80 Male 8 months Absence of microfilariae Negative 151
81 Female 1,7 years Absence of microfilariae Negative 152
82 Female adult Absence of microfilariae Negative 153
83 Female 10 months | Absence of microfilariae Negative 154
84 Male 2 years Absence of microfilariae Negative 155
85 Male 2 years Absence of microfilariae Negative 156
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86 Female 5 years Absence of microfilariae Negative 157
87 Female 1 year Presence of microfilariae Ehr”Chii;;?Eé and D. 158
88 Female adult Absence of microfilariae Ehrlichia spp. 159
89 Male adult Absence of microfilariae Ehrlichia spp. 160
90 Male adult Absence of microfilariae EX;Z;T;?;gps'pa;d 161
91 Female adult Absence of microfilariae Negative 162
92 Female adult Absence of microfilariae Ehrlich_ia SPP- and D. 163
immitis
93 Female adult Absence of microfilariae Negative 164
94 Female adult Absence of microfilariae Ehrlich_ia SPP- and D. 165
immitis
95 Male adult Absence of microfilariae Ehrlichia spp. 166
96 Female adult Absence of microfilariae Ehrlichia spp. 167
97 Male adult Absence of microfilariae Negative 168
98 Female adult Absence of microfilariae Ehrlichia spp. 160
99 Male adult Absence of microfilariae Ehrlichia spp. 170
100 Male adult Absence of microfilariae Ehrlichia spp. 171
101 Male adult Absence of microfilariae ER;Z;T;?;gpépa;d 172
102 Female adult Absence of microfilariae Negative 173
103 Female adult Absence of microfilariae Negative 174
104 Female adult Presence of microfilariae Ehrlichia spp. 175
105 Female adult Absence of microfilariae Ehrlichia spp. 176
106 Female adult Absence of microfilariae Ehrlichia spp. 177
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Ehrlichia spp. and D.

107 Male adult Presence of microfilariae immitis 178
108 Female adult Absence of microfilariae Negative 179
109 Female 7 years Absence of microfilariae Negative 180
110 Male 9 months Absence of microfilariae Negative 181
111 Male 6 years Presence of microfilariae Ehr”Chiirzr;?Eé and D. 182
112 Male 3 years Absence of microfilariae Negative 183
113 Male 7 years Absence of microfilariae Negative 184
114 Male 1 year Absence of microfilariae Negative 185
115 Male 8 months Absence of microfilariae Negative 186
116 Male 10 months | Absence of microfilariae Anaplasma spp. 187
117 Male 7 months Absence of microfilariae Negative 188
118 Male 8 years Absence of microfilariae Negative 189
119 Male 6 years Absence of microfilariae Negative 190
120 Male 8 years Absence of microfilariae Negative 191
121 Male 4 years Presence of microfilariae Ehrlichia spp. 192
122 Female 12 years Absence of microfilariae Negative 193
123 Female 1 year Absence of microfilariae Negative 194
124 Female adult Absence of microfilariae Negative 195
125 Female adult Absence of microfilariae Negative 196
126 Female adult Absence of microfilariae Negative 197
127 Female adult Absence of microfilariae Negative 198
128 Female 7 years Absence of microfilariae Negative 199
129 Female adult Absence of microfilariae Negative 200
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130 Male adult Absence of microfilariae Negative 201
Ehrlichia spp.;
131 Male adult Presence of microfilariae Anaplas_ma spp and D. 202
immitis
132 Female adult Absence of microfilariae Negative 203
133 Male adult Absence of microfilariae Negative 204
134 Male adult Absence of microfilariae Negative 205
135 Female adult Absence of microfilariae Negative 206
136 Female adult Absence of microfilariae Negative 207
137 Female adult Absence of microfilariae Negative 208
138 Male adult Absence of microfilariae Negative 209
139 Female adult Absence of microfilariae Negative 210
140 Male adult Absence of microfilariae Negative 211
141 Female adult Absence of microfilariae Negative 212
142 Female adult Absence of microfilariae D. immitis 213
143 Female adult Absence of microfilariae Negative 214
144 Female 7 months | Absence of microfilariae Negative 215
145 Male 9 years Presence of microfilariae D. immitis 216
147 Female 6 years Absence of microfilariae Negative 217
147 Female 1 year Absence of microfilariae Negative 128
148 Female 9 years Absence of microfilariae Negative 219
149 Male 1 year Absence of microfilariae Negative 220
150 Female 9 years Absence of microfilariae Negative 221
151 Male 8 years Absence of microfilariae Negative 222
152 Female 8 months Absence of microfilariae Negative 223
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153 Male 3 years Absence of microfilariae Negative 224
154 Male 9 years Absence of microfilariae Negative 225
155 Male 1 year Absence of microfilariae Negative 226
156 Female 8 years Absence of microfilariae Negative 227
157 Male 3 years Absence of microfilariae Negative 228
158 Male 3 years Absence of microfilariae Negative 229
159 Male 7 months Absence of microfilariae Negative 230
160 Female 13 years Absence of microfilariae Negative 231
161 Male 13 years Absence of microfilariae Negative 232
162 Female 2 years Absence of microfilariae Negative 233
163 Male 5 years Absence of microfilariae Negative 234
164 Female 7 years Absence of microfilariae Negative 235
165 Female 5 years Absence of microfilariae Negative 236
166 Female 4 years Presence of microfilariae Ehr“Chii;r;?Eé and D. 237
167 Male adult Absence of microfilariae Negative 238
168 Male 4 years Absence of microfilariae Negative 239
169 Female 13 years Absence of microfilariae Negative 240
170 Male 1 year Absence of microfilariae Negative 241
171 Female 9 years Absence of microfilariae Negative 242
172 Male 3 years Absence of microfilariae Negative 243
173 Male 3 years Absence of microfilariae Negative 244
174 Female 2 years Absence of microfilariae Negative 245
175 Male 1 years Presence of microfilariae Ehrlichia spp. and D.

immitis
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176 Male 2 years Absence of microfilariae Negative
177 Male 3 years Absence of microfilariae Negative
178 Male 12 years Absence of microfilariae Negative
179 Male 7 years Absence of microfilariae Negative
180 Male 7 years Absence of microfilariae Negative
181 Male 8 months Absence of microfilariae Negative
182 Female 8 years Absence of microfilariae Negative
183 Male 9 years Absence of microfilariae Negative
184 Male adult Absence of microfilariae Negative
185 Male 5,2 years Absence of microfilariae Negative
186 Female 3 years Absence of microfilariae Negative
187 Male 1 year Absence of microfilariae Negative
188 Female 2 years Absence of microfilariae Negative
189 Male 1 year Absence of microfilariae Negative
190 Female 8 months Absence of microfilariae Negative
191 Female 1,7 years Absence of microfilariae Negative
192 Female 6 years Absence of microfilariae Negative
193 Male 9 years Absence of microfilariae Negative
194 Male 10 years Absence of microfilariae Negative
195 Female 4 years Absence of microfilariae Negative
196 Female 5 years Absence of microfilariae Negative
197 Female 10 years Absence of microfilariae Negative
198 Male 1 year Presence of microfilariae Ehrlichia spp.
199 Male 8 months Absence of microfilariae Negative
200 Male 7 years Absence of microfilariae Negative
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201 Female 1,5 years Absence of microfilariae Negative
202 Female 8 years Absence of microfilariae Negative
203 Female 4 years Absence of microfilariae Negative
204 Female 2,8 years Absence of microfilariae Negative
205 Male 10 years Absence of microfilariae Negative
206 Male 7 years Absence of microfilariae Negative
207 Male 9 years Absence of microfilariae Negative
208 Male 8 months Absence of microfilariae Negative
209 Female 2 years Absence of microfilariae Negative
210 Male 7 years Absence of microfilariae Negative
211 Male adult Absence of microfilariae Negative
212 Female 7 years Absence of microfilariae Negative
213 Female 3 years Absence of microfilariae Negative
214 Female 3 years Absence of microfilariae Negative
215 Male 1 year Absence of microfilariae Negative
216 Female 7 years Absence of microfilariae Negative
217 Female 10 months | Absence of microfilariae Negative
128 Female 9 months Absence of microfilariae Negative
219 Female adult Absence of microfilariae Negative
220 Male 6 years Absence of microfilariae Negative
221 Male 1 year Absence of microfilariae Negative
222 Female 9 years Absence of microfilariae Negative
223 Female 8 years Absence of microfilariae Negative
224 Male 4 years Absence of microfilariae Negative
225 Male 9 years Absence of microfilariae Negative
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226 Male 3 years Absence of microfilariae Negative
227 Male 1 year Absence of microfilariae Negative
228 Female 4 years Absence of microfilariae Negative
229 Male 10 months | Absence of microfilariae Negative
230 Female 8 months Absence of microfilariae Negative
231 Male 8 months Absence of microfilariae Negative
232 Female 1,7 years Absence of microfilariae Negative
233 Male 1 year Absence of microfilariae Negative
234 Female 2 years Absence of microfilariae Negative
235 Female 10 months | Absence of microfilariae Negative
236 Male 1,2 years Absence of microfilariae Negative
237 Female 1 year Absence of microfilariae Negative
238 Male 10 years Absence of microfilariae Negative
239 Female 2 years Absence of microfilariae Negative
240 Male 2 years Absence of microfilariae Negative
241 Male 3 years Absence of microfilariae Negative
242 Male 1 year Absence of microfilariae Negative
243 Female 6 years Absence of microfilariae Negative
244 Female 2,8 anos Absence of microfilariae Negative
245 Male 1 years Absence of microfilariae Negative

*Adults: 2 to 5 years. Age considered for newly adopted animals and/or based on how long they have lived with the family.
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Figure captions

Fig. 1 Study area: map of Brazil indicating the state of Pernambuco and municipalities where animals were

sampled.
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6. CONSIDERACOES FINAIS

Este trabalho apresenta informagfes relevantes sobre a determinacéo da
infeccéo por filarideos sanguineos e dérmicos em cées residentes em areas costeiras
do litoral sul do estado de Pernambuco. Constatou-se por meio da analise morfolégica
e antigénica a presenca de Dirofilaria immitis, evidenciando a importancia da
realizacdo de testes imunoldgicos para deteccdo dessa espécie de filarideo na area
de estudo. Além disso, animais microfilarémicos apresentaram auséncia de antigeno

para D. immitis, sugerindo infeccao por filarideos do género Acanthocheilonema.

Deve-se ressaltar, auséncia de filarideos dérmicos na analise microscépica e
molecular. O estudo demonstrou que foi predominante a coinfecgcao de D. immitis
entre patbgenos como Anaplasma spp. e Ehrlichia spp. que segue uma tendéncia
observada em regifes tropicais onde os vetores estdo presentes durante todo o ano,
desta forma enfatiza a importancia de maior conscientizacdo de médico veterinarios

sobre as possiveis implicacfes resultantes da co-infeccao em caes.

O estudo observou maior concentracao de caes infectados com D. immitis nos
municipios de Cabo de Santo Agostinho e Ipojuca, estas areas compreendem varias
praias, atraindo maior fluxo de animais e humanos de diferentes regides do pais ao
longo do ano em virtude das diversas atividades turisticas; uma vez que a circulagéo
de hospedeiros vertebrados indica que existe um risco zoonético por esse patdgeno.
Portanto, medidas preventivas devem ser ferramentas adotadas para reduzir a
ocorréncia deste parasito transmitido por vetores e assim evitar os riscos da infeccéo

humana e/ou animal.
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Abstract

Purpose Medical and veterinary filarial nematodes are transmitted by blood-feeding vectors. In dogs, these parasites are
mainly represented by nematodes in which microfilariae dwell in the blood (Dirofilaria spp. and Acanthocheilonema spp.)
or skin (Cercopithifilaria spp. and Onchocerca lupi). The aim of this study was to determine the prevalence of these filarial
infections in dogs residing in a touristic, heavily populated location in the northeastern region of Brazil.

Methods Blood samples (n=245) were assessed by a modified Knott test, followed by a qualitative ELISA test (SNAP®
4Dx® Plus, IDEXX Laboratory, Westbrook, Maine, USA) for the detection of antibodies against Anaplasma spp., Borrelia
burgdorferi sensu lato, Ehrlichia spp. and antigens of Dirofilaria immitis. Skin samples (n="71) were microscopically exam-
ined and molecularly assessed through a PCR targeting the 12 S rRNA gene.

Results Microfilariae and antigen of D. immitis were detected simultaneously in 15 (6.1%; 95% CI=3.7-9.8) animals. Nine
animals (3.6%; 95% CI=1.9—6.8) were D. immitis antigen positive but microfilariac negative and nine other animals (3.6%;
95% CI=1.9-6.8) were microfilariae positive but D. immitis antigen negative. D. immitis positive dogs were found in four
different municipalities. No filarioids were detected in the skin after microscopical and molecular analyses.

Conclusion Data from this study demonstrate that D. immitis is the main filarial nematode infecting dogs in coastal areas in
northeastern Brazil. Based on the potential risk of infection in which animals are submitted, it is essential to perform tests to
detect microfilariae and D. immitis antigen. Preventive measures must be adopted by using microfilaricidal compounds and
anti-feeding insecticides to prevent canine infection.

Keywords Acanthocheilonema reconditum - Beach area - Cercopithifilaria bainae - Dirofilaria immitis + Zoonosis

Introduction

The family Onchocercidae (Rhabditida: Filarioidea) com-
prises nematodes of particular interest due to their high
impact on human and animal health [1]. These parasites are
transmitted through blood-feeding vector arthropods (e.g.,
mosquitoes, fleas, lice, and ticks) and may infect a wide
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arteries, and infective stage is transmitted by mosquitoes
(e.g., Culex spp., Aedes spp., and Anopheles spp.) [7-10].
In the Americas, D. immitis infection is widely distributed
from the United States to Argentina, with prevalence rang-
ing from 1 to 40% [11, 12]. In Brazil, prevalence values
over 30% have been observed [11, 13], with some areas
in the northeastern region with 12.9% [14] and 5.5% [15].
Despite being less studied, Acanthocheilonema reconditum
has been reported in the same areas of D. immitis, and the
differential diagnosis is imperative.

Blood filarioids are uniquely considered epidemio-
logically crucial for the canine population for the last few
decades. In recent years, attention has also been given to
skin-dwelling filarioid nematodes such as Cercopithifilaria
and Onchocerca [3, 16]. The genus Cercopithifilaria
comprises of three species that may infect dogs (i.e., Cer-
copithifilaria bainae, Cercopithifilaria grassi, and Cercopi-
thifilaria sp. 11 [17], but most of the knowledge accumulated
over the last year is restricted to C. bainae [18, 19]. The life
cycle shows that brown dog tick, Rhipicephalus sanguineus
sensu lato, is transmitting this pathogen, which is evident by
previous studies showing overlap [20]. In Brazil, C. bainae
in dogs and R. sanguineus s.1. are restricted to reports from
the Southeast [21], Northeast [20, 22, 23] and Mid-West
regions [24]. Despite being considered to be minimal in
virulent relevance, there are reports of dermatitis [25], poly-
arthritis [26] and the presence of a giant cyst [24] associated
with C. bainae infection.

The diversity of filarial nematodes in a canine population
is linked to the availability of definitive hosts and vectors, as
well suitable environmental conditions that promote vector
proliferation [27]. In recent years, the intense global mobil-
ity of pets within and between countries traversing large
geographic distances has been recognized as a global public
health and veterinary concern. Leading to vectors expan-
sion and potentially increasing zoonotic transmission into
new areas. Therefore, the aim of this study was to determine
the prevalence of filarial infection in dogs living in a tour-
istic region with a constant interaction of both animals and
humans year-round.

Materials and Methods
Study Area

The study was conducted in seven municipalities of the
South Coast of Pernambuco, northeastern Brazil (Fig. 1).
Mangroves are a key feature in the area and are close to
fragments of the Atlantic Forest. This region has an average
temperature of 25 °C (18— 31 °C), average annual rainfall of
1,250 mm (1,000 mm— 2,200 mm) and an average relative
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humidity of 80%. According to the Kdppen classification,
the humid tropical climate (4s) is predominant in the study
area [28]. In addition, the region is known for high touristic
attraction and has a continuous influx of humans and ani-
mals throughout the year.

Blood and Skin Sampling

The minimum sample size required (n=245) was calculated
considering the estimated canine population of the region
(n=70,068). This estimation followed a proportion of pre-
viously established of human/dog (4.4/1) [29]. The margin
of error was calculated at 5% and a confidence interval of
95% for this estimation [30].

From February to September 2021, blood samples
(n=245) were collected from the cephalic vein of dogs and
stored in tubes containing an anticoagulant (ethylenedi-
aminetetraacetic acid— EDTA). Fragments of skin samples
(n=71) were collected using a disposable punch (2 mm
diameter) from the inter-scapular region. The low number
of skin samples was due to the low adherence of dog owners
in the collection of skin.

Microscopic Examination of Blood and Skin

Blood samples were processed by the modified Knott test
[31]. Briefly, 1 mL of whole blood was mixed with 9 mL
of 2% formalin in a conical tube and centrifuged for 5 min.
The supernatant was removed, and the pellet was mixed
with 1% methylene blue dye. Approximately 20 pL of the
material was transferred to slides and examined under opti-
cal microscopy at different magnifications (40 and 100X)
[32]. Skin samples were examined according to Otranto et
al. [18].. Each fragment was soaked in saline solution for
about 6 h at room temperature, and the sediment was exam-
ined microscopically at different magnifications (10 and
40X). The skin fragment that remained was stored at -20 °C
until molecular processing.

ELISA Test and Molecular Examination of the Skin

Blood samples were tested by an ELISA test (SNAP® 4Dx®
Plus, IDEXX Laboratory, Westbrook, Maine, USA), which
detects antibodies to Anaplasma spp. (A. platys/A. phago-
cytophilum), Ehrlichia spp. (E. canis/E. ewingii), Borrelia
burgdorferi s.1. and D. immitis antigens. The immunologi-
cal test was performed according to the manufacturer’s
recommendations.

Genomic DNA of skin samples was extracted using a
commercial kit (Reliaprep ™ gDNA Tissue Miniprep Sys-
tem Kit, Promega®, USA) according to the manufacturer’s
instructions. In order to detect Cercopithifilaria spp., DNA
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Fig. 1 Study area: map of Brazil indicating the state of Pernambuco and seven municipalities where animals were sampled

skin samples were analyzed by amplification of 330 bp
using a set of primers (Filal2SF: 5'-CGGGAGTAAAGTT
TTGTTTAAACCG-3’ and Filal2SR: 5'-CATTGACGGAT
GGTTTGTACCAC-3") designed on the 12 S rRNA gene
[18].

Data Analysis and Maps Creation

Absolute and relative frequencies were calculated. Confi-
dence intervals (95% CI) were considered, and the modified
Wilson method was applied (https://epitools.ausvet.com.au/
ciproportion). The Chi-square test was used to compare D.
immitis antigen detection versus D. immitis plus co-infec-
tions at the ELISA test, and differences in positivity for sex,
age and breed among D. immitis positive dogs at ELISA
test. All analyzes were performed with the BioEstat 5.0 soft-
ware [33].

A map was created using the QGIS 3.22.10 software, in
which georeferenced data were inserted in continuous car-
tographic base (Shapefiles, version 2017) available at Bra-
zilian Institute for Geography and Statistics database [34].

Results

Overall, microfilariac and antigen of D. immitis were
detected simultaneously in 15 (6.1%; 95% CI=3.7-9.8)
animals. Nine animals (3.6%; 95% CI=1.9-6.8) were D.
immitis antigen positive but microfilariae negative and nine
other animals (3.6%; 95% CI=1.9-6.8) were microfilariae
positive but D. immitis antigen negative.

Table 1 shows the frequency of blood microscopy and
ELISA tests results, including co-infections by other vec-
tor-borne pathogens. D. immitis plus co-infections showed
significance when compared to single infections of only
D. immitis (x*=4.5111; p=0.0337). No statistical differ-
ence was observed between male and female (x*=0,344;
p=0,5573) and between breed and crossbreed (x*=3,314;
p=0,0687). Conversely, positivity of animals aging>2 to
5 years-old was statistically significant when compared to
other ages (x>=7,6138; p=0,0222).

Table 2 shows the frequency of D. immitis antigen and
microfilariae positive dogs according the municipality
of sampling. No filarioids were detected in the skin after
microscopic and molecular analysis.
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Table 1 Frequency of positive dogs in the modified Knott’s test and ELISA test for Dirofilaria immitis, Ehrlichia spp. and Anaplasma spp

ELISA test
Variables Knott test D. immitis D. immitis+E. D. immitis + E. E. canis A. platys  E. canis+A.
canis canis+A. platys platys
n/N (%; 95% CI)
Overall 24/245 7/245 15/245 2/245 39/245 1/245 8/245
positivity (9.8; 6.7-14.2) (2.9; 1.4-5.8) (6.1; 3.7-9.8) (0.8;0.2-0.9) (16; 11.9-21) 0.4, (3.3; 1.7-6.3)
0-2.3)
Male 12/116 5/116 4/116 1/116 17/116 1/116 3/116
(10.3; 6-17.2) (4.3;1.8-9.7) (3.4; 1.3-8.5) (0.9;0.1-4.7) (14.7;9.4-22.2) 0.9; (2.6;0.9-7.3)
0.1-4.7)
Female 12/129 2/129 11/129 1/129 22/129 0 5/129
(9.3; 5.4-15.6) (1.5;0.4-5.5) (8.5;4.8-14.6) (0.5;0.1-4.3) (17; 11.5-24.5) (3.9; 1.7-8.7)
Crossbreed 19/152 3/152 14/152 2/152 34/152 0 8/152
(12.5; 8.1-18.7) (2; 0.7-5.6) (9.2; 5.6-14.9) (1.3;0.4-4.7%) (22.4; 16.5-29.6) (5.3;2.7-10)
Breed 5/93 4/93 1/93 0 5/93 1/93 0
(5.4;2.3-12) (4.3;1.7-10.5) (1.1; 0.2-5.8) (5.4;2.3-12) (1.1,
0.2-5.8)
<2 years 2/65 2/65 3/65 0 0 0 1/65
(3; 0.8-10.5) (3; 0.8-10.5) (4.6; 1.6-12.7) (1.5;0.2-8.2)
>2to 5years 18/112 4/112 11/112 2 29/112 0 5/112
(16; 10.4-24) (3.6; 1.4-8.8) (9.8; 5.6-16.7) (25.9; 18.7-34.7) (4.5; 1.9-10)
> 5 years 4/68 1/68 1/68 0 10/68 1/68 2/68
(5.9;2.3-14.2) (1.5;0.3-7.9) (1.5;0.3-7.9) (14.7; 8.2-25) (1.4 (2.9;
0.3-7.9)  0.8-10.1)

Table 2 Distribution of D. immitis antigen and microfilariae positive
dogs according to the municipality of sampling

Municipality Animals  Microfilar- D. immitis  Micro-
sampled  iae+D. immi- antigen filarie

tis antigen positive posi-
positive tive

Cabo de Santo 132 1 3 5

Agostinho

Escada 7 1 1 0

Ipojuca 97 12 4 4

Jaboatdo dos 2 1 1 0

Guararapes

Recife 1 0 0 0

Rio Formoso 1 0 0 0

Sirinhaém 5 0 0 0

Discussion

This study reports the occurrence of blood filarial nematodes
and co-infections in dogs that inhabit an area character-
ized by a high and continuous flow of animals and humans
throughout the year. The prevalence of D. immitis infection
(9.8%; 95% CI=6.7-14.2) observed in the study area high-
lights the need for preventive measures in the dog popu-
lation using microfilaricidal compounds and anti-feeding
insecticides to prevent canine infection. The presence of D.
immitis hotspots in coast zones has been reported in north-
eastern Brazil, with prevalence varying from 12.9 to 49.5%
[11, 14, 35, 36]. These areas present suitable climate condi-
tions (temperature ranging from 25 to 28 °C, and relative
humidity mean of 80%) for the development of vectors and
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extrinsic incubation period for D. immitis [37]. It is known
that the success of larval development within the mosquito
host is temperature dependent. When the temperature falls
below the minimum threshold, (14°C), development of the
transmitting vector will cease [38].

The absence of D. immitis antigen in nine microfilaremic
dogs suggests the infection of Acanthocheilonema spp., a
nematode transmitted by ectoparasites (e.g., fleas and lice)
found worldwide [39]. Despite low virulence, massive
infections by Acanthocheilonema spp. have been recently
associated to anemia in dogs [40]. In addition, evidence of
sympatry with other Dirofilaria spp. may require differentia-
tion in microscopic and molecular diagnostics between both
filarioids [14, 32]. The presence of different filarioids in the
canine population in this area reinforces the importance of
immunological tests for detecting D. immitis antigens.

The co-infection among D. immitis and other patho-
gens (i.e., Anaplasma spp. and Ehrlichia spp.) follows a
trend observed in tropical regions where vectors are pres-
ent throughout the year. While the presence of multiple
infections has been reported in dogs of northeastern Brazil
[14, 15, 35] the ELISA test can detect antibodies against
Ehrlichia spp. and Anaplasma spp., indicating exposure of
this animals to these pathogens. These findings on multi-
ple infections emphasize the importance of enhancing vet-
erinary practitioners’ awareness of the high frequency and
potential missed diagnosed co-infections in dogs found in
this area [14].
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There was no statistical difference in positivity for D.
immitis antigen or microfilariaec between male and female
and breed and crossbreed animals, which revealed that
regardless of the sex or the breed, animals in this study
might be equally exposed to the infection. The statisti-
cal predominance of D. immitis and microfilariae-infected
animals among the dog population aged>2 to 5 years old
likely might be related to the highest number (n=112) of
samples collected in this age compared to other age groups.

The distribution of dogs infected by D. immitis was
observed in four municipalities but with a higher concen-
tration in Cabo de Santo Agostinho and Ipojuca. Since all
municipalities present similar climate conditions that allow
vector development, this difference is related to number
of samples collected. In fact, more than 90% (n=229) of
samples were collected in these two municipalities which
impair a reliable statistical comparison. Both municipalities
are characterized by several beaches that attract a constant
flow and interaction of animals and humans from different
Brazilian regions year-round. This constant presence poses
an additional risk of spreading D. immitis, since animals
from non-endemic areas are exposed to infected vectors.
The epidemiology of D. immitis in dogs has been studied
in the region since the late 1990s [41], and the situation has
no evidence of change according to more recent studies [11,
14]. Health authorities should be aware of the zoonotic risk
of D. immitis, and considering the epidemiological situation
of the study area, the presence of asymptomatic humans
cannot be ruled out.

No skin-dwelling microfilariae were detected during
microscopic and molecular examination. C. bainae had
been detected in dogs and ticks in the northeastern region
of Brazil [22, 23], but in this study, a low number of skin
samples were analyzed due to the lack of the sampling. It is
important to note that collecting skin snips is a minimally
invasive technique and does not offer any risk to the dog
when appropriately performed. The reduced number of skin
samples and no ticks collected are limitations of this study,
a factor to be addressed in future assessments.

Data from this study demonstrate that D. immitis is the
main filarial nematode infecting dogs in beach areas in
northeastern Brazil. Based on the potential risk of infec-
tion, it is essential to perform the recommended bi-annual
screening for microfilariac and antigen specific to D. immi-
tis through integrative microscopic and immunological
testing. Moreover, continued research on the epidemiology
and biology of Acanthocheilonema spp. and its potential
impact on disease dynamics is crucial for devising targeted
interventions and ensuring the health and well-being on a
One Health level. Understanding different filarial species
prevalence and interactions can inform effective control
and prevention strategies. Preventive measures can include

microfilaricidal compounds, anti-feeding insecticides, and
environmental management control for culicid populations.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s11686-
024-00834-x.
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