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RESUMO

Filarideos em caninos incluem espécies cujo microfilarias circulam na corrente sanguinea (ex., Dirofilaria
immitis e Acantocheilonema reconditum) ou habitam no tecido subcutaneo (ex, Cercopithifilaria spp. e
Onchocerca spp.) O objetivo deste estudo foi avaliar a ocorréncia de filarideos em cées e seus potenciais
hospedeiros artropodes do municipio de Campo Grande, Mato Grosso do Sul, Brasil. Esta dissertagdo é
composta por quatro artigos. Artigo 1- Objetivou investigar a ocorréncia de infeccdes filariais em cées residentes
em Campo Grande, Mato Grosso do Sul, Brasil. As amostras de sangue e pele de cdes domiciliados (n = 80)
foram microscopicamente (teste de Knott modificado e exame de sedimento de fragmento de pele) e
molecularmente (PCR do gene 12S rRNA PCR) avaliados. Informacgdes epidemioldgicas foram obtidas por
exame fisico e questionario com os proprietarios dos cédes. O exame microscopico e molecular de amostras de
sangue revelou que 5,0% (4/80) foram positivos para D. immitis em ambos os testes. Amostras de microfilarias
dérmicas (todas identificadas como Cercopithifilaria sp.) foram detectadas em 42,5% (34/80) das amostras,
considerando pelo menos um teste realizado. Cercopithifilaria sp. teve associa¢ao significativa com presenga
de carrapatos (Rhipicephalus sanguineus), acesso a rua e pequenos nédulos dérmicos. Foi observado
excelente nivel de concordancia (Kappa = 0,759) entre os dois métodos de diagndstico (exame microscopico
e PCR). O sequenciamento de DNA confirmou a identificacdo de D. immitis e C. bainae circulando no Mato
Grosso do Sul. A PCR mostrou maior sensibilidade e serve para detectar e classificar espécies de microfilarias,
mas a analise microscépica deve ser considerada como teste de triagem para detec¢éo do género de filarideos
em cées. Considerando que, na &rea de estudo, Rhipicephalus sanguineus e mosquitos sdo prevalentes ao
longo do ano, medidas preventivas devem ser adotadas para evitar a infestagdo por artropodes e a infec¢éo
por filarioides. Artigo 2- O objetivo do presente estudo foi detectar Cercopithifilaria bainae e outros patégenos
transmitidos por carrapatos e realizar a caracterizacdo molecular do carrapato Rhipicephalus sanguineus s.I.
coletado em cées. Carrapatos (n= 432, incluindo 8 larvas, 59 ninfas e 365 adultos) foram amostrados de cées
domiciliados (n= 73) residentes no municipio de Campo Grande, Mato Grosso do Sul (centro-oeste do Brasil).
Todos os carrapatos foram identificados morfologicamente como R. sanguineus. O DNA gendmico foi extraido
em pools (trés a cinco carrapatos por animal), seguido pela definicdo de haplétipos (com base no gene 16S
rRNA) e pela investigagdo de patdgenos (Cercopithifilaria sp., Ehrlichia canis, Anaplasma platys, Hepatozoon
canis, Babesia vogeli e Rickettsia spp.). Os espécimes coletados foram identificados como haplétipos A e B de
R. sanguineus. Foram detectados DNA de Cercopithifilaria bainae (43,83%; 32/73), Ehrlichia canis (24,65%;
18/73), Anaplasma platys (19,17%; 14/73) e Hepatozoon canis (5,47%; 4/73). A identidade dos patégenos foi
confirmada por andlise de sequéncia de DNA. O presente estudo confirma a circulagao dos haplétipos A e B
de R. sanguineus no estado de Mato Grosso do Sul e sua importancia como vetor de varios patégenos de
interesse veterinario. Finalmente, este é o primeiro relato de C. bainae em carrapatos na regido centro-oeste
do Brasil. Artigo 3- O Objetivo do presente estudo é relatar um caso de cisto cutaneo gigante em um céo
infectado por Cercopithifilaria bainae. Um cdo sem raca definida, 9 anos, macho, deu entrada em uma clinica
veterinaria de Dourados, Mato Grosso do Sul (Centro-Oeste do Brasil) com uma massa na regido lombossacral.
No exame clinico, observou-se que a massa tinha aproximadamente 15 cm de didametro, com consisténcia
flutuante e presenca de fluido viscoso; a leséo, no entanto, era ndo ulcerada e ndo aderente. O exame citoldgico
revelou presenca de celularidade linfocitaria moderada e macrdéfagos espumosos, eritrofagocitose e presenca
de numerosas microfilarias. Apds analise morfolégica e molecular do gene rRNA 12S, as microfilarias foram
identificadas como C. bainae, exibindo 99-100% de identidade com as seqiiéncias de DNA disponiveis no
Genbank. A cirurgia foi recomendada e apds a resseccao do cisto gigante, o céo foi tratado com ivermectina
por duas semanas e o quadro clinico foi completamente resolvido. Com base na presenca de microfilarias no
liquido do cisto, o papel desse filarideo no determinismo da leséo foi discutido. Artigo 4- O presente trabalho
tem por objetivo relatar o primeiro caso de dirofilariose canina em Campo Grande, Mato Grosso do Sul. No dia
6 de setembro de 2018, um canino, fémea, poodle, de 14 anos de idade, foi atendido numa clinica veterinaria
particular de Campo Grande- MS, apresentando hipertenséo arterial e eosinofilia. O animal foi medicado e apds
nove dias, retornou com piora do quadro clinico (emese, melena, taquicardia, taquipneia). Mais exames
laboratoriais foram solicitados, em que observou-se alterages cardiacas, hepaticas, renais e pancreaticas,
além da presenca de microfilarias, identificadas morfologicamente como D. imittis e confirmada espécie por
teste soroldgico e molecular. O animal foi internado, mas veio a 6bito no quinto dia. Apesar de Campo Grande
tratar-se de uma area ndo endémica, o animal possui relato de viagem para regido litoranea, sem realizagao
de tratamento profilatico. Portanto, representa um caso aloctone de dirofilariose na regido.

Keywords: A. reconditum, C. bainae, D. immitis
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Grosso do Sul, Brazil. 2020. Master's degree- Programa de Pdés-Graduacdo em Ciéncias
Veterinarias. Faculdade de Medicina Veterinéria e Zootecnia, Universidade Federal de Mato Grosso
do Sul, Campo Grande, MS. 2020.

ABSTRACT

Canine filarioids include microfilariae species that circulate in bloodstream (e.g., Dirofilaria immitis and
Acantocheilonema reconditum) or dwell into the subcutaneous tissue (e.g., Cercopithifilaria spp. and
Onchocerca spp.). The aim of this dissertation was to evaluate the occurrence of filarids in dogs and their
potential arthropod hosts from municipality of Campo Grande, Mato Grosso do Sul, Brazil. This dissertation
consists of four articles. Article 1- The aim of this study was to investigate the occurence of filarial infections in
dogs from Campo Grande, State of Mato Grosso do Sul, Brazil. Blood and skin samples of domiciled dogs (n =
80) were microscopically (modified Knott's test and skin fragment sediment examination) and molecularly (12S
rRNA gene PCR) evaluated. Epidemiological information was obtained by physical examination and
questionnaire with dog’s owner. Microscopic and molecular examination of blood samples revealed that 5.0%
(4/80) were positive for D. immitis in both tests. Specimens of dermal microfilariae (all identified as
Cercopithifilaria sp.) were detected in 42.5% (34/80) of samples considering at least one test performed.
Cercopithifilaria had sinificative association with tick presence (Rhipicephalus sanguineus), street access and
small subcutaneous nodule. Good concordance level (Kappa= 0.759) between the two diagnostic methods
(microscopic examination and PCR) was observed. DNA sequencing confirmed identification of D. immitis and
C. bainae circulating in Mato Grosso do Sul. PCR showed more sensitivity and serves to detect and classify
microfilaria species, but the microscopic analysis should be considered as screening test for detection of filarids
genus in dogs. Considering that in the area of study Rhipicephalus sanguineus and mosquitoes are prevalent
throughout the year, preventive measures should be disposed in order to avoid arthropds infestation and
filarioids infection. Article 2- The aim of the present study was to detect Cercopithifilaria bainae and other tick-
borne pathogens and to perform molecular characterization of the tick Rhipicephalus sanguineus s.I. collected
from dogs. Ticks (n= 432, including 8 larvae, 59 nymphs, and 365 adults) were sampled from domiciled dogs
(n= 73) living in Campo Grande, Mato Grosso do Sul (Midwest Brazil). All ticks were morphologically identified
as R. sanguineus. Genomic DNA was extracted in pools (three to five ticks per animal) and was used for
definition of R. sanguineus haplotypes (based on 16S rRNA analysis) and pathogen identification
(Cercopithifilaria sp., Ehrlichia canis, Anaplasma platys, Hepatozoon canis, Babesia vogeli and Rickettsia spp.).
Rhipicephalus sanguineus specimens were identified as haplotypes A and B. DNA of Cercopithifilaria bainae
(43.83%; 32/73), Ehrlichia canis (24.65%; 18/73), Anaplasma platys (19.17%; 14/73), and Hepatozoon canis
(5.47%; 4/73) was detected. The identity of pathogens was confirmed by DNA sequence analysis. The present
study confirms the presence of haplotypes A and B of R. sanguineus in the state of Mato Grosso do Sul and its
importance as a vector of several pathogens of veterinary concern. Finally, this is the first report to identify C.
bainae in ticks in the Midwestern region of Brazil. Article 3- The aim of this study was describe a case of giant
cutaneous cyst in a dog infected by Cercopithifilaria bainae. A 9-year-old male mixed-breed dog presented to a
veterinary facility in Dourados, Mato Grosso do Sul (Midwest Brazil) with a mass in the lumbosacral region. On
clinical examination, the mass was observed to be approximately 15 cm in diameter with a floating consistency
and conspicuous presence of viscous fluid; the lesion, however, was non-ulcerated and non-adherent.
Cytological examination revealed the presence of moderate lymphocyte cellularity and spumous macrophages,
erythrophagocytosis and the presence of numerous microfilariae. After morphological and molecular analysis of
the 12S ribosomal RNA gene, the microfilariae were identified as C. bainae, exhibiting 99-100% identity with
DNA sequences available from Genbank. Surgery was recommended and after resection of the giant cyst, the
dog was treated with ivermectin for two weeks and the clinical condition was completely resolved. Based on the
presence of microfilariae in the cyst fluid the role of this filarioid in the determinism of the lesion has been
discussed. Article 4- The present study aims to report the first case of canine heartworm disease in Campo
Grande, Mato Grosso do Sul. On September 6, 2018, a 14-year-old female canine, poodle, was seen at a private
veterinary clinic in Campo Grande- MS, with arterial hypertension and eosinophilia. The animal was medicated
and, after nine days, returned with a worsening of the clinical condition (emesis, melena, tachycardia,
tachypnea). Further laboratory tests were requested, in which cardiac, hepatic, renal and pancreatic changes
were observed, in addition to the presence of microfilariae, morphologically identified as D. imittis and a species
confirmed by serological and molecular testing. The animal was hospitalized, but died on the fifth day. Although
Campo Grande is a non-endemic area, the animal has reports of travel to the coastal region, without prophylactic
treatment. Therefore, it represents an allochthonous case of heartworm disease in the region.

Keywords: A. reconditum, C. bainae, D. immitis
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CAPITULO 1

1. INTRODUCAO

A filariose canina € uma parasitose de distribuicdo mundial cujos agentes
etiologicos séo filarideos (Filarioidea: Onchocercidae). Mundialmente, as espécies
mais comuns parasitando cdes sao pertencentes aos géneros Dirofilaria,
Acantocheilonema e Cercopithifilaria (BAIN et al., 2008; OTRANTO et al., 2012).

Dirofilaria immitis é a espécie mais estudada em caes, devido a seu potencial
patogénico e importancia zoonoética (MILANEZ DE CAMPOS, 1997), sendo
transmitida por culicideos (Nematocera: Culicidae) dos géneros Aedes, Culex e
Anopheles (ANDERSON, 2000). A forma adulta de D. immitis se alimenta de
plasma e pode ser encontrada no ventriculo direito e nas artérias pulmonares dos
cées causando tosse, dispneia, fraqueza, ascite, anorexia, desidratacédo, perda de
peso e Obito (SEVIMLI et al., 2007).

No género Acanthocheilonema, A. reconditum € a principal espécie em cées,
sendo transmitido por pulgas e piolhos (OLMEDA-GARCIA et al., 1993; DANTAS-
TORRES E FIGUEIREDO, 2007). Suas formas adultas habitam o tecido
subcutaneo e muscular do hospedeiro definitivo, enquanto as microfilarias séo
encontradas principalmente na circulacdo sanguinea periférica. Normalmente a
infeccdo por A. reconditum destaca-se por apresentar carater transitério e sem
consequéncias patolégicas, sendo diagnosticada na maioria das vezes de forma
acidental (KNIGHT, 1987). No entanto, ja foram relatados presenca de anemia
hemolitica acompanhada de distarbios hepéticos e renais em cées parasitados por
A. reconditum (HASHEM E BADAWY, 2008).

No Brasil, estudos e relatos de filarideos em cées sdo normalmente restritos
as espécies encontradas principalmente no sangue, como D. immitis e A.
reconditum. Entretanto Cercopithifilaria bainae também ja foi descrito no Rio de
Janeiro (ALMEIDA e VICENTE, 1984) e registrado no Nordeste do pais (RAMOS,
et al., 2016). Trata-se de um filarideo cujo suas formas evolutivas estdo presentes
na derme ou tecido subcutaneo em tem como principal transmissor conhecido o
carrapato Rhipicephalus sanguineus sensu lato (OTRANTO et al. 2011; BRIANTI
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et al., 2012). Sua patogenicidade € desconhecida até entdo, sendo considerada de
menor importancia quando comparada com D. immitis. Entretanto, ha relatos de
que larvas de C. bainae possam induzir alteragcdes locais como dermatite intersticial
perivascular (OTRANTO et al., 2012; BOYD et al., 2019) e sistémicas como
poliartrite cronica em cées (GABRIELLI et al., 2014).

A circulacdo de cdes domésticos infectados é associado como um dos
principais modos de introdugcdo e disseminacdo dos filarideos (Ex. Dirofilaria,
Acantocheilonema e Cercopithifilaria) para areas antes livres (DA SILVA e
LANGONI, 2009). A diferenciacdo entre as espécies de filarideos nos cées pode
ser realizada mediante deteccdo suas microfilarias presentes em amostras
(sanguineas e/ou pele), seguido de analises microscopicas e/ou moleculares
(KNOTT, 1939; OTRANTO et al., 2012; RAMOS et al., 2016).

O Brasil, em seu amplo territério, possui caracteristicas importantes para
transmissao dos filarideos que acometem cées. O clima, o desmatamento e a falta
de saneamento basico favorecerem o desenvolvimento biolégico e a manutencao
de uma elevada populacédo de vetores em potencial no meio urbano (DA SILVA E
LANGONI, 2009). Em Campo Grande- MS, no ano de 2016, observou-se a
presenca de C. bainae infectando cdes atendidos no Hospital Veterinario da
Universidade Federal de Mato Grosso do Sul. O diagnéstico foi confirmado por meio
de reacdo em cadeia da polimerase (PCR) e sequenciamento de DNA. No entanto,
a magnitude, importancia clinica e epidemiolégica, para essa e outras espécies de
filarideos, ndo sao conhecidas na regido.

Dessa forma, o presente estudo tem por objetivo avaliar a ocorréncia de
filarideos em cées e seus potenciais hospedeiros artropodes no municipio de
Campo Grande, Mato Grosso do Sul, e definir aspectos clinicos e epidemiologicos

dos mesmos na regiéo.

2. OBJETIVOS

2.1. OBJETIVO GERAL

Avaliar a ocorréncia de filarideos em caes domeésticos e seus potenciais

hospedeiros artrépodes no municipio de Campo Grande- MS, Brasil.
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2.2. OBJETIVOS ESPECIFICOS

e Identificar as espécies de filarideos presentes em amostras de sangue e pele
de cées;

e Avaliar aspectos clinico-epidemiolégicos de cées infectados por filarideos no
municipio de Campo Grande, MS;

e Comparar a eficiéncia dos métodos diagnosticos (analise microscopica e técnica
de PCR);

¢ I|dentificar filarideos e outros patégenos em vetores que parasitam o animal;

e Relatar casos clinicos de cées acometidos por filarideos.

3. REVISAO DA LITERATURA

3.1. FILARIDEOS EM CANINOS

A filariose canina € uma parasitose de ampla distribuicdo mundial cujos
agentes etiolégicos sdo vermes filaridides pertencentes a ordem Spirurida e familia
Onchocercidae (ANDERSON, 2000; OTRANTO et al., 2011). A familia
Onchocercidae € composta por cerca de 80 géneros, que acometem uma gama de
hospedeiros e podem causar doencas graves nos animais e no homem, em regiées
tropicais e subtropicais (ANDERSON, 2000; OTRANTO e EBERHARD, 2011).
Mundialmente, as espécies mais comuns parasitando cdes sao pertencentes aos
géneros Dirofilaria, Acantocheilonema e Cercopithifilaria (BAIN et al., 2008;
OTRANTO et al., 2012).

3.1.1 Dirofilaria

O género Dirofilaria é representado principalmente por duas espécies: D.
repens e D. immitis. Dirofilaria repens geralmente causa infeccdo subcutanea
pouco patogénica em cées da Europa, Asia e Africa (DA SILVA E LANGONI, 2009),
enquanto D. immitis € a espécie mais estudada, tratando-se de um parasito do
sistema circulatorio (coracdo e grandes vasos), podendo ocasionar doencas
cardiorrespiratérias em cées, além de possuir importante carater zoondtico
(MILANEZ DE CAMPOS, 1997; SMITH et al., 2015).
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A dirofilariose, causada por D. immitis, também conhecida popularmente
como doenga do “verme do coragao”, € transmitida por um hospedeiro intermediario
da familia Culicidae, cujas espécies ja descritas incluem Culex pipiens, Culex
quinquefasciatus, Aedes aegypti, Aedes albopictus, Anopheles maculipenis e
Coquillettidia richiardii (CIRIO, 2005; DA SILVA E LANGONI, 2009). O céo é o seu
hospedeiro definitivo e, por vezes, o gato e o homem podem surgir como
hospedeiros acidentais (ANDERSON, 2000).

Os nematodeos adultos localizam-se nas artérias pulmonares (machos) e no
ventriculo direito (fémeas) dos animais susceptiveis (Figura 1). Sdo delgados e de
corpo filiforme. A fémea adulta pode medir entre 25- 30 cm de comprimento e 1-
1,3 mm de largura, enquanto o macho mede entre 12- 20 cm de comprimento e 0,7-

0,9 mm de largura, com uma calda em espiral (GENCHI et al., 2014).

Cauda em
espiral

»

Figura 1. Diferenca morfolégica entre macho e fémea de Dirofilaria immitis. Fonte: Adaptado de

http://cal.vet.upenn.edu/projects/merial/Nematodes/images/heartwormF.GIF

As fémeas sao viviparas, e apds a copula dos nematddeos adultos, liberam
microfilarias na circulagdo sanguinea do hospedeiro (Figura 2). Essas larvas
possuem em média 298 um de comprimento e 7,3 um de largura, com extremidade

anterior ovalada e a posterior reta (BRITO et al., 2001).
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Figura 2. Microfilaria de Dirofilaria immitis. Fonte: Acervo do autor

As fémeas de mosquitos ingerem as microfilarias durante o hematofagismo.
Estas larvas se desenvolvem até L3 no corpo do mosquito e sdo transmitidas para
outro cdo, durante os proximos repastos sanguineos. Entre 71 e 110 dias ap0s a
infeccdo os parasitas atingem as artérias pulmonares (machos) e o ventriculo
direito (fémeas). Apés trés meses, os hematodeos atingem a maturidade sexual,
acasalam e completam o ciclo com a liberacdo de microfilarias na circulacado dos
caes (Figura 3). As microfilarias podem ser encontradas na circulacdo sanguinea
periférica entre seis e oito meses apos a infeccdo (KNIGHT, 1987; CIRIO, 2005; DA
SILVA e LANGONI, 2009).
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Figura 3. Esquematizacéo do ciclo de vida de Dirofilaria immitis. Adaptado de http://www.cdc.gov

O ciclo zoonético ocorre quando fémeas de mosquito infectadas com L3
realizam repasto sanguineo em humanos (OGAWA, 2013). O ciclo ndo se completa
e as L4 formam os chamados nddulos em “forma de moeda” nos pulmdes do
hospedeiro, podendo ser confundido com neoplasia (GARCEZ et al., 2006; SIMON
et al., 2007). Em humanos, foram relatados 51 casos de dirofilariose pulmonar no
Brasil, e centenas de casos em todo o mundo (RODRIGUES-SILVA et al., 2004).
Desde 1979, devido a importancia desta parasitose para os cdes e a populacéo
humana, e pela intima relacdo dos animais domésticos com o ser humano, a
enfermidade passou a ser considerada uma zoonose pela Organizacao Mundial da
Saude (OMS), e atualmente € tratada como uma Zoonose Emergente
Negligenciada (DA SILVA E LANGONI, 2009).

Os cédes podem ser assintomaticos ou manifestarem sinais como tosse
cronica, intolerancia a exercicios, dispneia, ruidos cardiacos e pulmonares,
hepatomegalia e sincope. Nas formas graves, manifestacbes de insuficiéncia
cardiaca direita, como ascite, congestao aguda do figado e rins, hemoglobinuria e
morte em 24 a 72 horas podem ocorrer (ACHA E SZYFRES, 2003; SMITH et al.,
2015).

A distribuicdo de D. immitis € cosmopolita, podendo apresentar prevaléncias
superiores a 50% em determinadas areas (LUZON-PENA E GOMEZ BAUTISTA,

1993). No Brasil, segundo Barbosa e Alves (2006), a prevaléncia média em caes é
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de aproximadamente 10,2% para caes microfilarémicos e 9,1% baseado em testes
sorolégicos. E também citada como endémica em &reas litorAneas, com
prevaléncia de 29,7% em Niteréi (RJ) e 14% no Rio de Janeiro (LABARTHE et al.,
1998); 9,41% na Cidade de Uberlandia (MG) (FERREIRA et al., 1999); 10,7% em
Recife (PE) (ALVES et al., 1999); 5,8 % no Mato Grosso (FERNANDES et al.,
1999), 15% em Santa Catarina (ARAUJO et al., 2003); 8% no Estado de S&o Paulo
(SOUZA E LARSSON, 2001).

3.1.2 Acantocheilonema

No género Acanthocheilonema, A. reconditum € a principal espécie
responsavel por filariose em cées, sendo encontrado nos tecidos subcutaneos peri-
renal e cavidade peritoneal (LEITE et al., 2012). S&o transmitidos por pulgas e
piolhos, cujas espécies descritas incluem Ctenocephalides felis, C. canis, Pulex
irritans, Trichodectes canis e Heterodoxus spiniger (DANTAS-TORRES E
FIGUEIREDO, 2007; LEITE et al., 2012).

Os machos adultos medem cerca de 13,0 mm de comprimento e as fémeas
17- 32 mm. Apds o acasalamento, as fémeas fecundadas originam microfilarias,
que podem ser encontradas principalmente na circulacdo sanguinea periférica dos
caes (Figura 5). As microfilarias de A. reconditum tem em média cerca de 250-
270mm de comprimento e 4- 4,5mm de largura, com um corpo arredondado e
curvado, gancho cefalico distinto e uma extremidade anterior romba (HUYNH et al.,
2001; LEITE et al., 2012).

_ - i 2
Figura 4 - Microfilaria de Acanthocheilonema reconditum. a) Regiéo cefalica com extremidade

anterior romba- seta; (b) Cauda em gancho — seta. Microscopia optica (ampliacdo 1000 x) Fonte:
https://doi.org/10.1007/s00580-018-2859-2
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A pulga ou piolho se infecta com as microfilarias durante repasto sanguineo
em animal infectado. Na hemocele desses ectoparasitas ocorre o desenvolvimento
das microfilarias até L3. As L3 migram para as pecas bucais da pulga/piolho,
aguarda novo repasto sanguineo para infectar os caes. No tecido subcutaneo do
cdo, a L3 se desenvolve em L4 e L5, quando entdo ocorre a diferenciagao entre
macho e fémea. Posteriormente, ocorrera a cépula e formacgéo de microfilarias, que
irAo novamente para a circulagcdo sanguinea (Figura 6) (LINARD et al., 2004;
ENGELMANN et al., 2018).

L
=

L3 :
> " ‘ L3 séo inoculadas durante
repasto sanguineo
L2 »
e
L4
Pulga se infecta &

com as microfilarias (L1) fLI

J L) |.5

L1

Figura 5: Ciclo de vida de Acanthocheilonema reconditum. Fonte: Adaptado de

https://www.advocate-spot-on.com/en/why-use/

Normalmente a infeccdo por A. reconditum destaca-se por apresentar
carater transitério e sem consequéncias patoldgicas significativas (KNIGHT, 1987),
sendo diagnosticada na maioria das vezes de forma acidental. No entanto podem
causar abcessos e ulceracdes cutaneas (URQUHART et al.,, 1996). Estudos
realizados por Hashem e Badawy (2008) também comprovaram presenca de
anemia hemolitica acompanhada de disturbios hepaticos e das fun¢des renais em
14 cées parasitados por A. reconditum. Alguns casos de acometimento ocular por
Acantocheilonema spp., também ja foram descritos em humanos (BEAVER et al.,
1980; BEAVER, 1989), incluindo A. reconditum no espaco subconjuntival do olho

direito de um paciente com 62 anos na Australia (HUYNH et al., 2001).
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No Brasil ainda é subestimado o percentual de caes microfilarémicos e/ou
portadores de formas adultas de A. reconditum, devido a escassa quantidade de
publicacdes (LEITE et al., 2012). No entanto, ja foram relatados prevaléncia de
1,6% no estado da Bahia (BARROS et al., 1993); 0,6% em Cuiaba-MT
(FERNANDES et al., 2000); 1,3% em Macei6-AL (BRITO et al., 2001); e 6,9% em
Recife-PE (ALVES et al., 1999).

3.1.3 Cercopithifilaria

Em contraste com alguns parasitos filaridides em que as formas imaturas
circulam na corrente sanguinea, outros filarideos foram caracterizados como
parasitos dérmicos, como Cercopithifilaria spp. (OTRANTO et al., 2012). Vinte e
oito espécies ja foram descritas (OTRANTO et al., 2013), das quais trés parasitam
o0 tecido subcutaneo de caes: C. bainae, C. grassi e Cercopithifilaria sp. Il sensu
Otranto et al. 2012 (BAIN et al., 2008; OTRANTO et al. 2012; ANDERSSON et al.,
2017). Cercopithifilaria bainae € a espécie mais comum em caes, e sua distribuicdo
estd associada principalmente com a presenca do carrapato Rhipicephalus
sanguineus (s.l), conhecido como seu principal transmissor (OTRANTO et al. 2011;
BRIANTI et al., 2012).

As fémeas adultas de C. bainae possuem entre 14-19 mm de comprimento
e 0s machos 9,0-12,0 mm de comprimento, e sdo encontrados nos tecidos
subcutaneos e tecidos adiposos peri-renais dos cées infectados. J& as microfilarias
presentes na derme (Figura 6) possuem em média 180,2 + 2,3 ym de comprimento
e 4,6 + 0,2 um de largura, com extremidade anterior arredondada, corpo achatado
dorsoventralmente e cuticula espessa com estrias transversais (OTRANTO et al.,
2013; RAMOS et al., 2016).
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Figura 6: Microfilaria de Cercopithifilaria bainae. Fonte: Arquivo Pessoal

O ciclo de vida (Figura 7) envolve larvas infectantes (L3) sendo inoculadas
pelo carrapato (Rhipicephalus sanguineus). As L3 residem na derme do céo, onde
se tornam adultas e se reprodruzem, gerando as microfilarias. O ciclo é concluido
quando os carrapatos ingerem as microfilarias presentes na derme, enquanto se
alimentam nos cées (BRIANTI et al., 2012; OTRANTO et al., 2012; SANTOS et al.,
2017).

."\l

A ’f%/lr L3 sdo inoculadas durante
R =l repasto sanguineo

Carrapato se infecta X
com as microfildrias (L1)| E

|.. L . ,

- /

Figura 7: Ciclo de vida de Cercopithifilaria bainae. Fonte: Adaptado de https://www.advocate-

spot-on.com/en/why-use/
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Embora C. bainae seja a espécie de filaria dérmica mais descrita nos caes,
sua patogenicidade é desconhecida até entdo. Entretanto, ha relatos de suas larvas
possam induzir alteracdes locais, como dermatites (OTRANTO et al., 2012; BOYD
et al., 2019), e sistémicas, como poliartrite cronica em caes (GABRIELLI et al.,
2014).

No Brasil, os relatos de filarideos em caninos sdo normalmente restritos a
estudos de infec¢Bes de filarias no sangue, como D. immitis e A. reconditum.
Entretanto, C. bainae, ja foi registrado parasitando cdes no Rio de Janeiro
(ALMEIDA E VICENTE, 1984) e em Pernambuco (RAMOS et al., 2016).
Recentemente, DNA de Cercopithifilaria spp. também foi detectado em carrapatos
R. sanguineus (s.I) no Nordeste do pais (LATROFA et al., 2014; SANTOS et al.,
2017). No entanto, pouco ainda se sabe sobre as espécies de microfilarias
dérmicas, aspectos como a dindmica sazonal e a distribuicdo na populagéo canina

e em seus respectivos vetores (SANTOS et al., 2017).

3.2. DIAGNOSTICO DE FILARIOSE CANINA

Os sinais clinicos manifestados em caes parasitados por filarideos séo
variaveis dependendo da espécie relacionada, sendo comum também os animais
assintomaticos (GRANDI et al., 2007). O diagndstico laboratorial requer a deteccdo
de suas microfilarias em amostras sanguineas e/ou fragmentos de pele, mediante

analise microscopica, provas sorolégicas ou moleculares.

3.2.1 Andlise microscopica

Sao métodos diagndsticos que se fundamentam na detec¢éo de microfilarias
presentes no sangue (ex. esfregaco sanguineo, gota espessa, Knott modificado)
e/ou analise do sedimento de fragmentos de pele (DA SILVA E LANGONI et., 2009;
RAMOS et al., 2016).

O esfregago sanguineo direto € um teste simples que pode ser usado como
triagem para encontrar microfiarias sanguineas (Ex D. immitis e A. reconditum), no
entanto, para melhor sensibilidade do teste, é necessario que o animal esteja

infectado com um grande numero de larvas. Em infec¢cdes mais brandas, o teste
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pode gerar resultado falso negativo (DILLON, 2007; DA SILVA E LANGONI et al.,
2009).

Ja a técnica de gota espessa examina o sangue a fresco para detectar a
presenca e avaliar padrdes de tamanho e movimentacao de microfilarias, servindo
de auxilio para diferenciar A. reconditum de D. immitis (KNIGHT, 1977; BRITO et
al., 2001). Esta primeira espécie realiza movimentos erraticos e deslocam-se com
rapidez, enquanto D. immitis sdo dotadas de movimentos ondulantes

serpentiformes e movem-se lentamente (BRITO et al., 2001; LEITE et al., 2012).

Figura 8: Microfilaria de Dirofilaria immitis em esfregago sanguineo. Fonte: Laboratério VetAnalisa

7z

A deteccdo e diferenciacdo de espécies por estas duas técnicas € mais
dificil, sendo o teste de Knott modificado (KNOTT, 1939) mais usado para
determinar a presenca de microfilarias e diferencia-las, com base em aspectos
morfolégicos e morfométricos. Esta técnica consiste em formolizar o sangue, de
modo a destruir os glébulos vermelhos e posteriormente misturar um corante (Ex.
azul de metileno, giensa) ao sedimento, para examinar sob microscopia Otica em
diferentes aumentos (400 e 1000X) (Figura 9). Possui boa sensibilidade,
especificidade e baixo custo (SMITH et al., 2015).
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Figura 9: Técnica de Knott modificado. Fonte: disponivel em:

https://www.slideshare.net/shabanko/diagnosis-1226947

J& as microfilarias dérmicas podem ser analisadas por exame microscopico
do sedimento de recortes cutaneos. Os fragmentos de pele sdo imersos em solugéo
salina por cerca de 6 horas em temperatura ambiente e todo o sedimento deve ser
examinado microscopicamente em diferentes aumentos (100 e 400X) (OTRANTO
et al., 2012; RAMOS et al., 2016).

As diferengas morfométricas e morfolégicas das microfilarias das principais
espécies, de acordo com Ramos et al. (2016), podem ser observadas na seguinte
tabela (Tabela 1).

TABELA 1. Diferencas morfométricas e morfolégicas das principais microfilarias em caes.

Espécie Comprimento e largura Caracteristicas morfoldgicas

Dirofilaria immitis 301,2+7,6 yume 59+0,8 um Extremidade frontal cénica; extremidade
posterior reta

Acanthocheilonema 272,3+4,3ume4,1+0,3um Corpo arredondado e curvado; gancho

reconditum cefalico; extremidade anterior romba

Cercopithifilaria 180,2+23ume 4,6 £0,2 ym Corpo achatado dorso- ventralmente;

bainae cuticula espessa com estrias
transversais.
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3.2.2 Provas soroldgicas

Testes que envolvem a reagdo antigeno-anticorpo séo utilizados
rotineiramente para pesquisa de infeccéo por filarideos em caes, no entanto sao
restritos para D. immitis. Os testes que pesquisam antigenos (Ag) circulantes
permitem a deteccdo desde altas intensidades até infeccbes ocultas (auséncia de
microfilarias) com baixa carga parasitaria. E o método recomendado pela American
Heartworm Society (AHS) para triagem da infeccdo em cdes. Possuem alta
especificidade e maior sensibilidade que os testes de pesquisa de microfilarias
(ALMOSNY, 2002; NELSON e COUTO, 2006). Os testes mais utilizados s&o os
ensaios imunoenziméticos- ELISA (Figura 10) ou de imunomigracgéo réapida (Figura
11). Estes testes irdo detectar a presenca de antigenos circulantes provenientes do
trato genital de fémeas adultas (URQUHART et al.,1996; TILLEY et al., 2008).

Positivo Negativo
Ag. D. immitis

Figura 10: Teste sorologico SNAP (ELISA) para deteccao de antigenos de fémeas adultas de

Dirofilaria immitis. Fonte: Almosny, 2002.
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Resultado Positivo

Figura 11: Teste soroldgico de imunomigracao rapida para detec¢édo de antigenos de femeas

adultas de D. immitis. Fonte: Acervo do autor

Um problema é que detectam somente antigenos de fémeas adultas, cerca
de sete a oito meses apos infeccdo. Infecgdes recentes (< 8 meses) ou animais
infectados somente com machos, resultardo quase sempre em falso negativo. Para
sanar essas limitacdes, as técnicas de immunobloting tém sido capazes de detectar
mais precocemente cées infectados e infec¢des envolvendo parasitas machos e/ou
fémeas (FERNANDES et al., 1999; DA SILVA E LANGONI, 2009). No entanto, a
possibilidade de reacdo cruzada com antigenos de outros helmintos deixa em
divida a qualidade dos resultados obtidos por este método, tanto para fins
epidemioldgicos, como para diagnostico especifico (FERNANDES et al., 1999).
Portanto, o uso destes testes ndo é aconselhado em locais em que ndo se conhece

as espécies de filarideos presentes nestas areas (GENCHI et al., 2007).

3.2.3 Provas moleculares

A Reacao em Cadeia da Polimerase (PCR) tém sido usada para identificacao
de espécies de filarideos. Consiste na amplificacdo de um segmento do DNA
especifico do parasita, utilizando oligonucleotideos iniciadores (primers), e podem

ser visualizados ap0s eletroforese em gel de agarose (Figura 12).
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Muitos pesquisadores tém como alvo a detec¢do de uma sequéncia parcial
do gene subunidade 1 da enzima citocromo oxidase mitocondrial (coxl DNAmt)
(FERRI et al., 2009) e 12S rRNA, de Acanthocheilonema spp., Cercopithifilaria spp.,
e Dirofilaria spp. (OTRANTO et al., 2011)

Figura 12- Produtos de amplificacdo da PCR para deteccé@o de fragmento do gene 12S rRNA de
filarideos, visualizados apdés eletroforese em gel de agarose 2%. M100 (Ludwig Biotec) representa
marcador molecular de 100 pares de base; C- controle Negativo; C+ controle positivo; e na coluna

4 representa a amostra positiva testada. Fonte: arquivo pessoal.

A partir das amplificacdes da PCR, pode- se utilizar enzimas de restrigéo,
para diferenciar as espécies (CASIRAGHI et al., 2006) ou a analise por
sequenciamento de DNA (OTRANTO et al., 2011). Além destes, PCR multiplex
também pode ser utilizada para detectar e diferenciar simultdneamente os
filarioides caninos (LATROFA et al., 2012).

Apesar de ser considerada onerosa, devido aos custos com equipamentos,
reagentes e méao de obra, a caracterizacdo molecular de filarideos tem se mostrado
uma ferramenta de extrema importancia, pois auxiliam na identificacdo desses
parasitas, no conhecimento sobre mecanismos de acdo e resisténcia de alguns
farmacos utilizados no tratamento de filarioses (GENCHI et al., 2007), além de
enriguecer os bancos de dados (ex. Genbank) sobre a filogenia desses parasitos.
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Abstract

Canine filarioids include microfilariae species that circulate in bloodstream (e.g., Dirofilaria immitis and
Acantocheilonema reconditum) or dwell into the subcutaneous tissue (e.g., Cercopithifilaria and Onchocerca sp.) of
animals. The aim of this study was to investigate the occurence of filarial infections in dogs living in Campo Grande,
State of Mato Grosso do Sul, Midwest Brazil. Blood and skin samples of domiciled dogs (n = 80) were microscopically
(modified Knott’s test and skin fragment sediment examination) and molecularly (12S rRNA gene PCR) evaluated.
Epidemiological information was obtained by physical examination and questionnaire with dog’s owner. Microscopic
and molecular examination of blood samples revealed that 5.0% (4/80) were positive for D. immitis in both tests.
Specimens of dermal microfilariae (all identified as Cercopithifilaria) were detected in 42.5% (34/80) of samples
considering at least one test performed. Cercopithifilaria infection had sinificative association with tick presence
(Rhipicephalus sanguineus), street access and small dermal nodules. Excellent concordance level (Kappa= 0.759)
between the two diagnostic methods (microscopic examination and PCR) was observed. DNA sequencing confirmed the
morphological identification and presence of D. immitis and C. bainae circulating in Mato Grosso do Sul. PCR showed
more sensitivity and serves to detect and classify microfilariae species, but the microscopic analysis should be considered
as screening test for detection of filarids genus in dogs. Considering that in the area of study Rhipicephalus sanguineus
and mosquitoes are prevalent throughout the year, preventive measures should be disposed in order to avoid the animal

infestation and filarioids infection.

Keywords D. immitis — A. reconditum — C. bainae — R. sanguineus
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Introduction

Canine filarioids are distributed in tropical and subtropical regions and belong to the family Onchocercidae
(Nematoda: Filarioidea) whose circulate in bloodstream (e.g., Dirofilaria immitis and Acantocheilonema reconditum) or
dwell into the subcutaneous tissue (e.g., Cercopithifilaria spp. and Onchocerca spp.) (Otranto et al. 2015; Ramos et al.
2016). Among these nematodes D. immitis is the most studied species due to its zoonotical importance and pathogenicity
in dogs. This nematode is transmitted by culicid vectors of the genus Aedes, Culex and Anopheles (Da Silva and Langoni
2009) and cause the so-called heartworm disease in dogs. This infection is featured by animals be asymptomatic or exhibit
nonspecific signs such as cough, dyspnea, weakness, anorexia, and in some severe cases syncope, cachexia, ascites and
death (Sevimli et al. 2007; Smith et al. 2015).

Filarioid that have transient character and minor pathological relevance in dogs is A. reconditum (Knight 1987).
Adult forms dwell into the subcutaneous and peri-renal tissue and their microfilariae circulate into the bloodstream. It is
transmitted by fleas (e.g., Ctenocephalides felis, C. canis; Pulex irritans) and lices (e.g., Trichodectes canis e Heterodoxus
spiniger) (Dantas-Torres and Figueiredo 2007; Leite et al. 2012).

Cercopithifilaria includes three species that also inhabit the subcutaneous tissue of dogs (i.e. C. bainae, C. grassi
and Cercopithifilaria sp. Il sensu Otranto et al. 2012) (Otranto et al. 2013b). Cercopithifilaria bainae is the most common
species in dogs, and its distribution overlaps the geographical area of occurrence of its vector, the tick Rhipicephalus
sanguineus sensu lato (Brianti et al. 2012). Although its pathogenicity is currently unknown, limited histological
researches of dogs indicated that the presence of C. bainae microfilariae in the skin might cause focal epidermal and
subepidermal inflammation, aside from moderate edematous alterations and perivascular interstitial dermatitis (Otranto
et al. 2012; Boyd et al. 2019). In addition, a systemic chronic polyarthritis case was associated to this filarioid in a dog
from Europe (Gabrielli et al. 2014).

In Brazil, the knowledge on filarioid species infecting dogs is mostly restricted to studies of blood infections by
means microscopic and serological exams (Labarthe et al. 2014). There is no report regarding the clinical and
epidemiologic importance of filarial species in dogs from the State of Mato Grosso do Sul, Midwest region, Brazil.
Therefore, the aim of this study was to evaluate the occurrence of filarial infections in dogs living in Campo Grande, wich

belongs to the previously mentioned macrorregion.

Materials and methods

Animal samples

From Setember 2018 to June 2019, blood samples and skin fragments (3mm x 3mm) were collected of 80
domiciled dogs. Animals came from the Zoonosis Center Control and Teaching Veterinary Hospital of the Universidade
Federal de Mato Grosso do Sul, both located in the municipality of Campo Grande (20°26°34” South and 54°38°47”
West) Midwest region Brazil.

Clinical and epidemiological information was obtained through physical examination and applying a questionnaire
to the dog’s owner to evaluate associations with filarids presence. Epidemiological information questioned included sex,
age, reproductive status, resident area, contact with other animals, street access, recent deworming, knowledge about
coinfection with another pathogen, and presence of dermal nodules. Ectoparasites were collected manually for a period

of five minutes from each animal to evaluate association with ticks and fleas species. The specimens were placed in glass
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vials containing 70% ethanol and subsequently ticks were identified based on morphology following Barros-Battesti et
al. (2006) and the fleas according to Linardi and Santos (2012).

Microscopical analysis
The search of blood microfilariae was assessed using the modified Knott test (Knott 1939). Dermal microfilariae
were examined by microscopic examination of skin fragment according to Otranto et al. (2012). Blood and dermal

microfilariae were identified morphometrically and morphologically according to Ramos et al. (2016).

Molecular analysis

Genomic DNA of skin’s sediment and bood samples was extracted using the protocol described by Araujo et al.
(2009). DNA quality and quantity of all samples was evaluated by electrophoresis in 1% agarose gel and
spectrophotometry (A260/A280), respectively. The samples were submitted to polymerase chain reaction (PCR)
according to Otranto et al. (2011) using the primers Fila_12S F (5' CGGGAGTAAAGTTTTGTTTAAACCG 3') and
Fila_12S R (5' CATTGACGGATGGTTTGTACCAC 3'), which targets a partial conserved region of 12S rRNA gene
(330 bp) of Acanthocheilonema, Cercopithifilaria and Dirofilaria (Otranto et al. 2011). DNA of C. bainae previously
stored in the Laboratory of Molecular Biology of the Universidade Federal de Grosso do Sul (GenBank accession number
MG793436) was taken as positive control. Nuclease free water was used as negative control.

The amplifications were visualized by electrophoresis in 2% agarose gel stained with GelRed (Biotium). A 100
bp marker (Ludwig Biotec) was used to verify the lengths of the amplified fragments. The amplicons were purified using
Clean Sweep PCR Purification (Thermo Fisher Scientific Carlsbad, CA, USA) according to the manufacturer's
instructions. Samples were sequenced in both directions using the same primers by Sanger's method (Sanger et al. 1977)
in an ABI-3130 automated sequencer (Applied Biosystems). The Chromatograms were evaluated and edited using Contig
Editor version 2.2.0 (Gene Studio) and the identity of the DNA consensus sequence were determined by comparisons
with sequences available in the GenBank database using the BLASTn search tool (Altschul et al. 1990).

Data analysis
The frequency of filarioids infecting dogs was associated to clinical-epidemiological information and presence of
ectoparasites by the Fisher’s exact test with 5% significance. The concordance in the results of the diagnostic tests was

verified by the Kappa test. All calculations were done using BioEstat 5.0 software (Ayres et al. 2007).

Results and Discussion

Through microscopic and molecular examination of blood samples, 5.0% (4/80) were positive for D. immitis
considering both tests. although there are methodological differences, these results are lower compared to costal regions
of Brazil as Rio de Janeiro and Pernambuco (Labarthe et al. 1998; Alves et al. 1999) but similar to observed by Fernandes
et al. (1999) in Mato Grosso (5.8%), which show that non-coastal cities at Midwest-Brazil may also harbor this parasite.
According to Da Silva and Langoni (2009), the introduction and dissemination of heartworm disease in previously free

areas is associated with infected dog circulation. However, in the present study, two dogs had never traveled to endemic
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areas. Therefore, these cases can be considered the first autochthonous cases in Campo Grande, Mato Grosso do Sul
(Midwest Brazil).

Acantocheilonema and Cercopithifilaria were not found in blood samples (0%). In Brazil, studies have shown that
the prevalence of A. reconditum is low (Barros et al. 1993; Fernandes et al. 1999; Brito et al. 2001) even though the
current knowledge regarding this parasite species is still scarce. The present findings also confirmed this trend. Adult
nematodes and larvae of Cercopithifilaria are found in the subcutaneous tissue, but a recent report in Campo Grande
(Midwest, Brazil) showed that microfilariae may also circulate into the bloodstream of dog (Tutija et al. 2020). Dirofilaria
immitis may cause severe heart disease and requires expensive and potential aggressive therapy. In contrast, infection by
C. bainae and A. reconditum is usually an accidental finding, with no clinical signs (Otranto et al. 2012). In this sense,
differential diagnosis between filarids types in blood samples is important for the treatment prescription and prognosis
establishment.

Microfilariae can be diagnosed using morphological and morphometric observation. Ramos et al. (2016) show that
D. immitis has 301.2 + 7.6 um in length and 5.9 £ 0.8 pm in width, featured by conical anterior and a straight posterior
ends, respectively. Microfilariae of A. reconditum has 272.3 £ 4.3 um in length and 4.1 + 0.3 pm in width, and are
characterized by blunt anterior end. Microfilariae of C. bainae has 180.2 + 2.3 um in length and 4.6 + 0.2 pm in width,
rounded anterior end, short dorsal-ventrally flattened body and thick cuticle with transverse striations. The present
morphological observations revealed microfilariae of D. immitis (300.05 + 23 um in length and 6.1 £ 1.1 um in width)
similar to those observed by Ramos et al. (2016). This especie was confirmed by molecular analysis and partial 12S rRNA
gene sequencer, which the microfilariae presented 100% identity (E value 4e-145) to D. immitis with DNA sequences
available in GenBank. (Accession number: KU885998, KP898738, KF707482).

About epidemiological parameters, D. immitis has been significantly associated with intrinsic factors of the animal,
such as advanced age, male, breed and large size (Yildirim et al. 2007; Garcez et al. 2006; Vezzani et al. 2011). However,
none association was observed in the present study (p> 0.05), similar to the data Almeida et al. (2001). Extrinsic factors,
such as environment, management, length of stay and activity performed are common cited to favor D. immitis infection
in dogs, but these features were not evaluated in the present study.

In the microscopic and molecular examination of skin samples, dermal microfilariae were detected in 42.5%
(34/80) considering at least one test performed. Due to the wide distribution of its main vector, R. sanguineus sensu lato
(Brianti et al. 2012), it is speculated that the distribution of C. bainae may also be extensive. Some canine studies reported
prevalence (9.4% to 13.9%) in some regions of Italy and others of the Mediterranean (Otranto et al. 2012; Solinas et
al. 2014). On other hand, a prevalence rate of 0.96% has been reported in the northeastern region of Brazil (Ramos et al.
2016). However, to our knowledge, the present study expressess the highest frequency of C. bainae infection in dogs.

At microscopic analyzes dermal microfilariae specimens were detected in 33.75% (27/80) and were all identified
as belonging to Cercopithifilaria (Figure 1) based on morfometric (i.e., 182.18 + 20 um long and 4.8 + 0.5 um wide) and
morphological features (i.e., rounded anterior end, short dorsal-ventrally flattened body and thick cuticle with transverse
striations) (Ramos et al., 2016). This technique is simpler, cheaper and more commonly used to diagnose dermal
microfilariae (i.e., Cercopithifilaria and Onchocerca) (Otranto et al. 2015; Ramos et al. 2016), however, it is more
difficult to determine species of filarids.

According to PCR, 40% (32/80) of the samples were positive for the presence of dermal microfilariae and all 12S
rRNA gene fragments sequence showed 99-100% of genetic identity with C. bainae comparing with available sequences
deposited in GenBank (Acession numbers: KF381408; JF461461; KP760321). The PCR showed better diagnose
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sensibility than microscopic examination, but both tests have excellent concordance level (Kappa= 0.759), regarding to
dermal microfilariae (Table 2). These results were higher than observed by Otranto et al. (2012) that obtained low
sensibility of PCR and bad concordance between these two diagnostic methods. The better performance of PCR in this
study is due different DNA extraction protocol which it was used skin's sediment while Otranto et al. (2012) used
fragments of skin to DNA extraction and subsequent PCR. The fact is that most microfilariae are deposited at the bottom
of eppendorf tubes; therefore, the present study shows that the use of skin sediment to detect and classify dermal
microfilariae species by PCR is more sensible, however the microscopic examination, being simpler and having an
excellent concordance level with PCR, should be considered as screening test to detect dermal filarids genus in dogs.

Dermatitis and granuloma have already been described with the presence of adult worms and/or microfilariae of
filarioids infecting dogs like Dirofilaria repens, Onchocerca lupi and C. bainae (Albanese et al. 2013; Otranto et al.
2013b; Boyd et al., 2019) and should be considered for confirmatory diagnosis of dermal filarioids species. However, in
this study, only C. bainae was found and associated with dermal nodules less than 1 cm (Table 1). Therefore, when
dealing with dermatitis and papules in dogs from Campo Grande, infection by Cercopithifilaria should be investigated.

In this study, animals with street access were significantly associated with infections by Cercopithifilaria (p=
0.026) probably due to greater chance of exposure to potential vectors in the environment. It is known that C. bainae
infecting dogs overlaps the geographical area of R. sanguineus occurrence, however, low frequencies of ticks positive for
C. bainae (less than 3.9%; determined by molecular analysis) have been observed in regions from Italy, Spain and Greece,
although the frequencies of infection in dogs in the same regions varied from 0 to 45.4% (Otranto et al. 2013a,b). In the
present study, besides to the significant association with R. sanguineus presence (p= 0.039), the high frequency of
infection by Cercopithifilaria in dogs (42.5%; 34/80) was similar to observed in R. sanguineus sensu latu (A and B
haplotypes) in the same region (43.83%; 32/73) by Soares et al. (2020). Therefore, the present study reinforces the
importance and vectorial competence of R. sanguineus for Cercopithifilaria transmission to dogs.

Flea presence on 16 dogs (all identified as Ctenocephalides felis), have no significative association with
Cercopithifilaria infecting dogs (p= 0.263). There is no report about Cercopithifilaria be transmisted by flea too.
Although C. felis be relationed to A. reconditum transmission (Leite et al. 2012), this study shows that this filarid have no
importance in dogs from Campo Grande, Mato Grosso do Sul. Others parameters evaluated (i.e., age, sex, resident area,
contact with other animals, deworming recent, castrated, coinfection with another disease) had no significance association
with Cercopithifilaria infection (p> 0.05).

The DNA sequence evaluations confirmed the morphological identification and presence of D. immitis and C.
bainae circulating in dogs from Campo Grande, Mato Grosso do Sul, Midwest Brazil. PCR showed more sensibility and
serves to detect and classify microfilaria species, but the microscopic analysis should be considered as screening test for
detection of filarids genus in dogs, mainly in the presence of dermal nodules. Considering that in the area of study
mosquitoes and R. sanguineus are prevalent throughout the year, preventive measures should be disposed in order to

avoid the animal infestation and filarioids infection.
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Figure 1: Cercopithifilaria bainae detected by microscopic examination of skin's fragment sedmentation
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Table 1. Epidemiological aspects associated with Dirofilaria and Cercopithifilaria infection in dogs from Campo
Grande, Mato Grosso do Sul, Midwest Brazil.

Dogs
Parameters Dirofilaria Dirofilaria p- Cercopithifilaria Cercopithifilaria p-
Samples + - Value* + - Value*
Sex
Male 36 3 33 19 17
Female 44 1 43 0.321 15 27 0.260
Age
< 5 years 59 2 57 26 33
> 5 years 21 2 19 0.280 8 13 0.797
castrated
yes 15 1 14 5 10
no 65 3 62 0.980 29 36 0.565
Area resident
urban 74 4 70 33 41
rural 6 0 6 10 1 5 0.233
Contact with other
animals
yes 55 3 52 22 33
no 25 1 24 10 12 13 0.626
Street access
yes 24 0 24 15 9
no 56 4 52 0.310 19 37 0.026
Deworming recent
yes 28 1 27 12 16
no 52 3 49 10 22 30 10
Coinfection with
another disease
yes 44 1 43 22 22
no 36 3 33 0.321 12 24 0.174
Tick presence!
yes 45 2 43 24 21
no 35 2 33 10 10 25 0.039
Flea presence?
yes 16 0 16 9 7
no 64 4 60 0.578 25 39 0.263
Dermal nodule
(less than 1cm)
yes 27 1 26 16 11
no 53 3 50 10 18 35 0.035

*Fisher's exact test

'Rhipicephalus sanguineus

2Ctenocephalides felis
278
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Table 2. Comparison between PCR results and microscopic examination for dermal microfilariae detection

Test PCR + PCR - Total colum
Microscopic examination + 25 2 27
Microscopic examination - 7 46 53

Total line 32 48 80

Kappa test= 0.759
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Abstract

The aim of the present study was to detect Cercopithifilaria bainae and other tick-borne
pathogens and to perform molecular characterization of the tick Rhipicephalus
sanguineus s.l. collected from dogs. Ticks (n= 432, including 8 larvae, 59 nymphs, and
365 adults) were sampled from domiciled dogs (n= 73) living in Campo Grande, Mato
Grosso do Sul (Midwest Brazil). All ticks were morphologically identified as R.
sanguineus. Genomic DNA was extracted in pools (three to five ticks per animal) and
was used for definition of R. sanguineus haplotypes (based on 16S rRNA analysis) and
pathogen identification (Cercopithifilaria sp., Ehrlichia canis, Anaplasma platys,
Hepatozoon canis, Babesia vogeli and Rickettsia spp.). Rhipicephalus sanguineus
specimens were identified as haplotypes A and B. DNA of Cercopithifilaria bainae
(43.83%; 32/73), Ehrlichia canis (24.65%; 18/73), Anaplasma platys (19.17%; 14/73),
and Hepatozoon canis (5.47%; 4/73) was detected. The identity of pathogens was
confirmed by DNA sequence analysis. The present study confirms the presence of
haplotypes A and B of R. sanguineus in the state of Mato Grosso do Sul and its importance
as a vector of several pathogens of veterinary concern. Finally, this is the first report to

identify C. bainae in ticks in the Midwestern region of Brazil.

Keywords: Ticks, genetic characterization, dog, central western region, Brazil.

Resumo

O objetivo do presente estudo foi detectar Cercopithifilaria bainae e outros patégenos
transmitidos por carrapatos e realizar a caracterizacdo molecular do carrapato
Rhipicephalus sanguineus s.l. coletado em cdes. Carrapatos (n= 432, incluindo 8 larvas,
59 ninfas e 365 adultos) foram amostrados de cées domiciliados (n= 73) residentes no
municipio de Campo Grande, Mato Grosso do Sul (centro-oeste do Brasil). Todos 0s
carrapatos foram identificados morfologicamente como R. sanguineus. O DNA gendmico
foi extraido em pools (trés a cinco carrapatos por animal), seguido pela definicdo de
haplotipos (com base no gene 16S rRNA) e pela investigacdo de patdgenos
(Cercopithifilaria sp., Ehrlichia canis, Anaplasma platys, Hepatozoon canis, Babesia
vogeli e Rickettsia spp.). Os espécimes coletados foram identificados como haplotipos A

e B de R. sanguineus. Foram detectados DNA de Cercopithifilaria bainae (43,83%;
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32/73), Ehrlichia canis (24,65%; 18/73), Anaplasma platys (19,17%; 14/73) e
Hepatozoon canis (5,47%; 4/73). A identidade dos patdgenos foi confirmada por anélise
de sequéncia de DNA. O presente estudo confirma a circulacdo dos haplétipos A e B de
R. sanguineus no estado de Mato Grosso do Sul e sua importancia como vetor de varios
patdgenos de interesse veterinario. Finalmente, este é o primeiro relato de C. bainae em

carrapatos na regido centro-oeste do Brasil.

Palavras-chave: Carrapato, Caracterizacao genética, cdo, Centro-Oeste, Brasil.

Introduction

Ticks and tick-borne pathogens constitute an important problem of medical and
veterinary concern around the world. Several microorganisms (e.g., Rickettsia rickettsii,
Borrelia burgdorferi and Ehrlichia canis) transmitted by ticks may cause infection in
humans and animals (ALMEIDA et al., 2013; SCHREIBER et al., 2014). Therefore,
studies on the detection of ticks and their associated pathogens provide valuable
information to better understand their epidemiology (SCHREIBER et al., 2014).

Among the tick species infesting dogs, Rhipicephalus sanguineus sensu lato is considered
the most important and is widespread throughout the world. Two genetic lineages are
currently recognized within this species (i.e., the Southern or temperate lineage and the
Northern or tropical lineage) (MORAES-FILHO et al., 2011). The vector competence of
ticks belonging to these different lineages has been subject of speculation. For example,
differences have been observed in the transmission of distinct Brazilian strains of E. canis
to dogs (MORAES-FILHO et al., 2015) and it is likely that this variation in vector
competence also holds true for other pathogens. In the state of Mato Grosso do Sul
(central western Brazil), little is known about the occurrence of different lineages of R.
sanguineus, although there is evidence of genetic similarity between local strains and
those recognized as tropical lineages and reported in the States of Rio de Janeiro and Séo
Paulo (BURLINI et al., 2010; MORAES-FILHO et al., 2011).

Ehrlichia canis and Anaplasma platys are among the most prevalent and disease-causing
pathogens in dogs in Brazil (RAMOS et al., 2010; SOARES et al., 2017). On the other
hand, the distribution and epidemiological impact of other pathogens are poorly

documented. For instance, although the filarid Cercopithifilaria bainae was first reported
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in Brazil in 1984 (ALMEIDA & VICENTE, 1984), the parasite has only gained attention
in the last four years, especially in the North-Eastern regions of the country (RAMOS et
al., 2016; SANTOS et al., 2017).

Researchers have placed increasing importance on investigating the occurrence of
pathogens in ticks (SCHREIBER et al., 2014; MELO et al., 2016), which is an interesting
alternative to surveys carried out in dogs, especially for pathogens that present with low
parasitemia. Therefore, the present study aimed to characterize R. sanguineus strains
infesting dogs in Campo Grande, State of Mato Grosso do Sul, Brazil, as well as to

identify the main pathogens carried by this tick.

Materials and Methods

The present study was approved by the Ethics Committee for Animal Experimentation of
the Federal University of Mato Grosso do Sul (protocol number: 961/2018).

Ticks were collected from 73 naturally infested domiciled dogs at the Veterinary
Teaching Hospital of the Federal University of Mato Grosso do Sul and the Zoonosis
Control Center, municipality of Campo Grande (20°30'32.0"S 54°37'15.2"W), Mato
Grosso do Sul (MS), Brazil.

Ticks were manually and randomly collected from each dog during a period of 5 min, for
a total of 432 ticks. The specimens were placed in glass vials containing 70% ethanol and
subsequently identified based on morphological characteristics, according to Barros-
Battesti et al. (2006).

Adult ticks were pooled (three to five per animal) and DNA was extracted from them.
The ticks were first washed with autoclaved distilled water and dried. The selected
parasites were macerated in microtubes; this was followed by addition of 500 pl of 20%
sodium dodecyl sulfate and 10 pl of proteinase K (20 mg/ml), incubation for 24 hours at
56°C, addition of 400 pl of chloroform and vigorous homogenization by vortexing. After
the addition of 300 pl of protein precipitation solution (0.8 M potassium acetate and 11%
glacial acetic acid), the mixture was centrifuged at 10,000 x g for 10 minutes. The
aqueous phase was transferred to a microtube and DNA was precipitated by the addition
of 1 ml of 100% ethanol. After centrifugation at 10,000 x g for 5 minutes, the pellet was
washed with 1 ml of 70% ethanol and dried at room temperature (approximately 25°C)
for 30 minutes. The pellet was suspended in 1x TE buffer. DNA integrity and quantity
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were evaluated by electrophoresis in 0.8% agarose gels and spectrophotometry
(A260/A280), respectively.

Samples were submitted to polymerase chain reaction (PCR) using the primers described
in Table 1. A single PCR was used for the detection of Cercopithifilaria sp., B.
vogeli, Hepatozoon sp., and Rickettsia sp., and a nested PCR was used for E. canis and
A. platys. The PCR products were visualized in an UV transilluminator after 1.5% agarose
gel electrophoresis and staining with Gel Red (Biotium, Fremont, CA, USA).
Amplicons were purified using Clean Sweep PCR Purification reagent (Thermo Fisher
Scientific Carlsbad, CA, USA) and sequenced in both directions by Sanger sequencing in
an ABI-3130 automated sequencer (Applied Biosystems). Sequences were analyzed with
the aid of Contig editor version 2.2.0 (Gene Studio Inc), and the identity of DNA
sequences was determined by comparison with sequences available in the GenBank
database using the BLASTn search tool.

Ten tick-positive samples were subjected to 16S rRNA sequencing. A phylogenetic tree
was constructed using the UPGMA method (SNEATH & SOKAL, 1973). DNA
sequences of ticks available in the GenBank database were used for phylogenetic analysis.
Bootstrap resampling (1000 replicates) was performed for statistical support of reliability
of tree nodes (FELSENSTEIN, 1985) using the MEGA software version 6.0 (TAMURA
etal., 2013).

Moreover, five samples positive for Cercopithifilaria sp., four positive for E. canis, four
positive for A. platys, and two positive for Hepatozoon sp., were similarly submitted for
DNA sequencing. The DNA sequences were deposited in Genbank under the accession

numbers shown in Table 2.

Results and Discussion

All ticks analyzed in the present study were morphologically identified as R. sanguineus
partially or completely engorged (n=432, including 8 larvae, 59 nymphs and 365 adults).
The 16S rRNA gene was amplified from all 73 samples (pools); the 10 samples sequenced
revealed > 99% identity (100% coverage) with sequences of R. sanguineus available in
the Genbank database.
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In the phylogenetic analysis, the Campo Grande (CG) strains clustered with haplotypes
A and B (Figure 1), previously identified by Moraes-Filho et al. (2011) and defined as
tropical haplotypes.

The present results confirmed the presence of these R. sanguineus haplotypes in the
region and corroborate the observations made by Melo et al. (2016), who found only the
A and B haplotypes in the Pantanal region of the state of Mato Grosso, Brazil. The C
haplotype described in the Northern regions of South America (e.g., Colombia)
(MORAES-FILHO et al., 2011) segregated into a separate branch from the strains from
Mato Grosso do Sul, but with all these haplotypes having a common ancestry. In contrast,
the D, E, and F haplotypes (temperate haplotypes) formed a separate clade, supported by
a high bootstrap value. These haplotypes have been reported in Chile, Argentina,
Uruguay, and Southern Brazil (state of Rio Grande do Sul) (MORAES-FILHO et al.,
2011) and have greater genetic proximity to strains from Europe (SZABO et al., 2005).
Regarding the pathogens analyzed from ticks (divided in 73 pools) by PCR,
Cercopithifilaria sp., (43.83%; 32/73), E. canis (24.65%; 18/73), A. platys (19.17%;
14/73), and Hepatozoon sp. (5.47%; 4/73) were identified. DNA from Babesia vogeli and
Rickettsia spp. were not detected in any sample. The DNA sequencing results confirmed
the presence of C. bainae, E. canis, A. platys, and H. canis in ticks from Campo Grande,
and the sequences were deposited in Genbank under the accession numbers shown in
Table 2.

A part from C. bainae, all other pathogens have been frequently reported in dogs in the
region of interest (RAMOS et al., 2015; SOARES et al., 2017), among which E. canis
stands out as the most prevalent agent and is often associated with veterinary health
problems. An E. canis infection rate of 55.75% of has been described in pet dogs from
Campo Grande- MS (SOARES et al., 2017), as well as a rate of 8.5% in stray cats in the
same region (ANDRE et al., 2015).

The high prevalence of E. canis in dogs in the region may also be associated with the
presence of A and B haplotypes of R. sanguineus observed in the present study,
corroborating the findings of a vector competence study by Moraes-Filho et al. (2015),
who observed in that the tropical haplotype of R. sanguineus is more effective at

transmitting E. canis to dogs compared to temperate haplotypes.



187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

46

It should be highlighted that A. platys was one of the most frequent pathogens found in
the studied ticks (19.17%), a finding which is compatible with the A. platys prevalence
rate described in dogs in the region. According to Soares et al. (2017), the infection
frequency of dogs by A. platys in Campo Grande was 16.96% between 2007 and 2009.
The high prevalence of A. platys and E. canis in dogs and ticks in the region provides
evidence that the A and B haplotypes of R. sanguineus are competent vectors for both
pathogens, which can be found in the same geographic areas where the tropical
haplotypes (A and B) of R. sanguineus circulate.

Another important result of the present study was the identification, for the first time, of
C. bainae in ticks from the central western region of Brazil. Rhipicephalus sanguineus is
a vector for this filarid, which parasitizes the dermis of dogs (BRIANTI et al., 2012). It
has been recently described in dogs and R. sanguineus in North-Eastern Brazil (RAMOS
et al., 2016; SANTOS et al., 2017). However, its clinical importance remains unknown.
In the present study, R. sanguineus (haplotypes A and B) was considered a competent
vector for this pathogen in the region, since C. bainae was detected in 43.83% of tick
samples. Despite the small number of collected ticks and the analyses being carried out
in pools, this prevalence was very high, since Santos et al. (2017) found C. bainae in only
51 (2.67%) out of 1906 ticks.

Moreover, Otranto et al. (2012) found the frequency of ticks positive for C. bainae
(determined through molecular analysis) to be lower than 3.9% in the studied regions of
Italy, Spain, and Greece, although the frequencies of infection in dogs in these regions
ranged from 0 to 45.4%. This indicates that the frequency of dogs infected by C. bainae
in the city of Campo Grande may be high as well. Further studies are needed to clarify
this issue.

In the present study, Hepatozoon canis was detected in only 5.47% (4/73) of the R.
sanguineus samples, but this prevalence is compatible with this pathogen infecting dogs
(3.63%; 6/165) from the same region (RAMOS et al., 2015). Although R. sanguineus has
been implicated as the main vector of H. canis pathogens in urban areas of Brazil, low
infection rates have been reported in dogs, despite high tick infestation rates (RAMOS et
al., 2010, RAMOS et al., 2015). The prevalence observed in dogs and ticks from Campo
Grande- MS points to the low competence of R. sanguineus (A and B haplotypes) in

acquiring and transmitting these specific isolates of the protozoan.
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Previous studies have reported unsuccessful attempts at describing the development of H.
canis in ticks, including R. sanguineus from Brazil (FORLANO et al., 2005; GOMES et
al., 2010; DEMONER et al., 2013). On the other hand, the development of H. canis in
populations of R. sanguineus in Europe has been reported frequently (BANETH et al.,
2001; GIANNELLI et al., 2013). Therefore, genetic and morphological variability in R.
sanguineus populations can probably be attributed to the tick’s ability to transmit this
pathogen in different regions.

Although no DNA from Babesia vogeli and Rickettsia spp. was found in the tick pools
analyzed, both pathogens occur in the region, albeit at a low frequency. DNA from
Babesia vogeli was found in dogs from the city of Campo Grande at a frequency of only
3.3% (2/60) (SOUSA et al., 2013). Rickettsia rickettsii was identified in only one tick of
a total of 2015 specimens collected from dogs in the city of Campo Grande (ALMEIDA
etal., 2013).

The results of the present study confirm the presence of C. bainae, E. canis, A. platys,
and H. canis in dogs in the municipality of Campo Grande, MS, Brazil and demonstrate
the importance of the tick R. sanguineus (haplotypes A and B) as a host and potential

vector of a set of pathogens in the region.
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358 Table 1. Polymerase chain reaction primers used to test DNA extracts of ticks sampled

359  from dogs in Campo Grande, Mato Grosso do Sul, Brazil.

Target organism Primers (5’-3°) Gene Amplicon (bp) Reference

Ticks 16S Tick F- CCGGTCTGAACTCAGATCAAGT 16S rRNA 460 Mangold et al., 1998
16S Tick R- GCTCAATGATTTTTTAAATTGCTGT

Babesia vogeli Babl- TGAACCTTATCACTTAAAGG 18S rRNA 590 Duarte et al., 2008
Bab4- CAACTCCTCCACGCAATCG

Hepatozoon sp. HepF- ATACATGAGCAAAATCTCAAC 18S rRNA 666 Inokuma et al., 2002
HepR- CTTATTATTCCATGCTGCAG

Ehrlichia canis ECC - AGAACGAACGCTGGCGGCAAGCC 16S rRNA 389 Wen et al., 1997
ECB - CGTATTACCGCGGCTGCTGGC
HE- ATAGGTACCGTCATTATCTTCCCTAT*
ECA-CAATTATTTATAGCCTCTGGCTATAGGAA*

Anaplasma platys 8F- AGTTTGATCATGGCTCAG 16S rRNA 678 Martin et al., 2005
1448R- CCATGGCGTGACGGGCAGTGT
PLATYS- GATTTTTGTCGTAGCTTGCTATG*
EHR16SR- TAGCACTCATCGTTTACAGC*

Cercopithifilaria sp. Filal2SF- CGGGAGTAAAGTTTTGTTTAAACCG 12S rRNA 330 Otranto et al., 2011
Filal2SR- CATTGACGGATGGTTTGTACCAC

Rickettsia spp. CS78- GCAAGTATCGGTGAGGATGTAAT gltA 401 Labruna et al., 2004

Cs323- GCTTCCTTAAAATTCAATAAATCAGGAT

360 *Used in a nested-PCR reaction
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361 Table 2. Genbank accession numbers for the DNA sequences amplified from ticks
362  sampled from dogs in Campo Grande, Mato Grosso do Sul, Brazil.

Sequence identification Genbank acession number
Rhipicephalus sanguineus Campo Grande/MS 10 MG793426
Rhipicephalus sanguineus Campo Grande/MS 12 MG793427
Rhipicephalus sanguineus Campo Grande/MS 15 MG793428
Rhipicephalus sanguineus Campo Grande/MS 18 MG793429
Rhipicephalus sanguineus Campo Grande/MS 20 MG793430
Rhipicephalus sanguineus Campo Grande/MS 22 MG793431
Rhipicephalus sanguineus Campo Grande/MS 24 MG793432
Rhipicephalus sanguineus Campo Grande/MS 25 MG793433
Rhipicephalus sanguineus Campo Grande/MS 30 MG793434
Rhipicephalus sanguineus Campo Grande/MS 38 MG793435
Cercopithifilaria bainae Campo Grande/MS 01 MG793436
Cercopithifilaria bainae Campo Grande/MS 02 MG793437
Cercopithifilaria bainae Campo Grande/MS 03 MG793438
Cercopithifilaria bainae Campo Grande/MS 04 MG793439
Cercopithifilaria bainae Campo Grande/MS 05 MG793440
Ehrlichia canis Campo Grande/MS 01 MG793441
Ehrlichia canis Campo Grande/MS 02 MG793442
Ehrlichia canis Campo Grande/MS 03 MG793443
Ehrlichia canis Campo Grande/MS 04 MG793444
Anaplasma platys Campo Grande/MS 01 MG793445
Anaplasma platys Campo Grande/MS 02 MG793446
Anaplasma platys Campo Grande/MS 03 MG793447
Anaplasma platys Campo Grande/MS 04 MG793448
Hepatozoon canis Campo Grande/MS 01 MG793449
Hepatozoon canis Campo Grande/MS 02 MG793450
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Rhipicephalus sanguineus CG/MS 18

GU553074 Rhipicephalus sanguineus strain Tropical A

Rhipicephalus sanguineus CG/MS 12

GUS553075 Rhipicephalus sanguineus strain Tropical B

KR653222 Rhipicephalus sanguineus strain Pocone 8

Rhipicephalus sanguineus CG/MS 15

63| Rhipicephalus sanguineus CG/MS 20
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Rhipicephalus sanguineus CG/MS 38
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GU553080 Rhipicephalus turanicus strain SAfr2

S GU553083 Rhipicephalus sanguineus strain Ita

GUS553082 Rhipicephalus turanicus strain Spa2

GU553077 Rhipicephalus sanguineus strain Temperate D

5 GU553084 Rhipicephalus sanguineus strain Temperate E
GU553078 Rhipicephalus sanguineus strain Temperate F

§7'GU553081 Rhipicephalus sanguineus strain Spal
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Figure 1. Phylogenetic tree constructed with the UPGMA method showing the
relationship between strains of Rhipicephalus sanguineus from Campo Grande, MS,
Brazil, and other isolates available in Genbank.
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Abstract
Cercopithifilaria bainae is the most prevalent species of filarioids within the genus. This
parasite localizes in the skin, sometimes causing erythematous dermatitis. Herein, the
authors describe a case of giant cutaneous cyst in a dog infected by Cercopithifilaria
bainae. A 9-year-old male mixed-breed dog was presented to a veterinary facility in
Dourados, Mato Grosso do Sul (Midwest Brazil) with a mass in the lumbosacral region.
On clinical examination, the mass was observed to be approximately 15 cm in diameter
with a floating consistency and conspicuous presence of viscous fluid; the lesion,
however, was non-ulcerated and non-adherent. Cytological examination revealed the
presence of moderate lymphocyte cellularity and spumous macrophages,
erythrophagocytosis and the presence of numerous microfilariae. After morphological
and molecular analysis of the 12S ribosomal RNA gene, the microfilariae were identified
as C. bainae, exhibiting 99-100% identity with DNA sequences available from Genbank.
Surgery was recommended and after resection of the giant cyst, the dog was treated with
ivermectin for two weeks and the clinical condition was completely resolved. Based on
the presence of microfilariae in the cyst fluid the role of this filarioid in the determinism
of the lesion has been discussed.

Keywords: tick, Cercopithifilaria, microfilariae, canine

1. Introduction

Up to 28 species of filarioids are included in the genus Cercopithifilaria (Filarioida,
Onchocercidae) of which three parasitize the subcutaneous tissue of dogs (i.e.,
Cercopithifilaria bainae, Cercopithifilaria grassi, and Cercopithifilaria sp. Il, sensu
(Otranto et al., 2012). Canine infection by C. bainae has been frequently reported

worldwide, and its distribution is mainly associated with the presence of its vector, the
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brown tick Rhipicephalus sanguineus sensu lato (Brianti et al., 2012; Latrofa et al., 2014).
In Brazil, information regarding C. bainae in dogs and R. sanguineus is restricted to case
reports from the Southeast (Almeida and Vicente 1984) and Northeast (Latrofa et al.,
2014; Ramos et al., 2016; Santos et al., 2017). This filarioid is considered of minimal
pathogenic relevance; however, histological researches indicated that the presence of
microfilariae in the skin could cause focal epidermal and subepidermal inflammation,
aside from moderate edematous alterations and perivascular interstitial dermatitis
(Otranto et al., 2012; Boyd et al., 2019). In addition, a case of chronic polyarthritis has
been associated to this filarioid in a dog from Europe (Gabrielli et al., 2014). The aim of
the present study was to report a case of a giant cutaneous cyst in a dog infected by C.

bainae in Brazil.

2. Materials and methods

In March 2019, a 9-year-old male mixed breed dog was presented to the
Veterinary Clinical of UNIGRAN, Dourados, Mato Grosso do Sul (22°12'43" South and
54°49'43" West) with a history of tumor like growth in the lumbosacral region. The
animal had free street access, vaccination against rabies and was previously infested by
ticks. The owner had noticed that the growth had started approximately two months
earlier.

Physical examination revealed a mass, approximately 15cm diameter, in the
lumbosacral region with floating consistency and apparently not adhered to the
musculature (Fig. 1a). The animal exhibited normal vital signs and behavioral parameters.
Five adult ticks (three partially engorged females and two males) were collected,
morphologically identified as R. sanguineus sensu lato (Barros-Battesti et al., 2006) and

then placed in glass vials containing 70% ethanol until molecular processing.
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Complementary examinations, such as assessment of complete blood cell count (CBC)
and that of serum alanine transaminase, creatinine, alkaline phosphatase, urea, albumin,
and total plasma protein levels were performed. Total plasma protein level was the only
abnormality noted (10.2g/dl [reference range, 6 to 8g/dl]).

Approximately 25mL of fluid was collected from the cyst, an aliquot of which
was submitted to cytological examination, which revealed moderate lymphocyte
cellularity, foamy macrophages, erythrophagocytosis, and the presence of microfilariae.
The same cyst fluid was subjected to a modified Knott’s test (Knott 1939), stained with
2% methylene blue, and microfilariae were identified morphologically according to
Otranto et al. (2011) at light microscope (DMi8, Leica, Wetzlar, Germany; original
magnification x40). Sixty-four microfilariae/10uL were counted, and 10 measured. All
microfilariae were identified as Cercopithifilaria sp. (Fig. 2) according to Otranto et al.
(2012).

To confirm the filarioid species in the dog through molecular analysis, genomic
DNA of the fluid material was extracted using a protocol previously described by Aradjo
et al. (2009). To molecular analysis of filarioid species in ticks, pool of five adult ticks
were submitted to DNA extraction according to Soares et al. (2020). Molecular
characterization of the microfilariae was performed by PCR amplification of the 12S
ribosomal RNA (rRNA) gene (Otranto et al., 2011). DNA from C. bainae obtained in a
previous study was used as positive control. Nuclease-free water was used as the no-DNA
control.

The amplicons were purified using a commercially available kit (ExoSAP-IT
Express, (Thermo Fisher Scientific Carlsbad, CA, USA) according to manufacturer's
instructions. The samples were sequenced in both directions using the Sanger method and

an automated sequencer (ABI 3130, Applied Biosystems, Thermo-Fisher, Waltham, MA,
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USA). The chromatograms were evaluated and edited using Contig Editor version 2.2.0
(Gene Studio), and the consensus sequence was submitted to BLAST analysis to
determine sequence identity by comparison with sequences available in the GenBank
database.

Blood sample scored negative at the serological tests for Dirofilaria immitis,
Ehrlichia canis, Anaplasma sp., and Borrelia burgdorferi (SNAP 4Dx Plus®, IDEXX
Laboratories), and Leishmania infantum (DPP® LVC, Bio-Manguinhos®). The
prescribed treatment for the dog included prednisolone (1 mg/kg orally, twice per day for
the first 7 days, and once daily for 7 additional days) to reduce inflammation and the
remaining fluid. To treat microfilaria infection, a combination of moxidectin (minimum
dose of 2.5 mg/kg body weight) and imidacloprid (minimum dose of 10.0 mg/kg body
weight) spot-on (Advocate®, Bayer HealthCare) was prescribed.

In May, 2019, the dog returned to the veterinary clinic to assess its clinical
condition. The mass had not decreased and presented a more consistent aspect (Fig. 1b).
A second cytological examination revealed moderate lymphocyte cellularity and foamy
macrophages, and the modified Knott test using fluid cyst detected 60 microfilariae/10
puL. Based on the clinical condition of the animal, the surgical removal of mass was
indicated.

During surgery, a red floating mass (approximately 15cm in diameter, weighing
1.2kg) adhered to some points of the musculature was removed (Fig. 3a). The cyst
presented a serosanguineous exudate and irregular firm yellowish nodules with different
sizes (from 1 to 3 cm in diameter) (Fig. 3b). The internal content of cyst was assessed
through bacterial analysis and scored negative. In addition, tissue fragments were fixed
in 10% formalin solution, processed and stained with hematoxylin and eosin for

histopathological analysis. Microscopically, there was a conspicuous amount of fibrous



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

59
tissue in the deep dermis, focal areas with edema, and a moderate number of plasma cells
and eosinophils associated with moderate foci of hemorrhage and areas of necrosis.

After surgery, 250mg amoxicillin and 125mg clavulanic acid (Agemoxi CL®, 10
mg/kg orally, twice per day for 10 days), 2 mg meloxicam (Maxicam®, 0.2 mg/kg, orally
once per day for 4 days) and 500mg sodium dipyrone (10 drops, three times per day for
5 days) were prescribed. Cleaning with physiological solution in the region of the skin
suture, and application of antimicrobial and epithelial ointment (Vetaglos®, Vetnil, Séo
Paulo, Brazil, twice per day, for 14 days) was also prescribed.

Subsequently suture removal, ivermectin (Mectimax®, 0.3mg/kg, orally, once per
day for the first 7 days and 0.6 mg/kg, once per day, for 7 additional days) was
administered. Seventeen days after surgical resection a complete resolution of the clinical

condition was achieved.

3. Results

Microfilariae detected in the giant dermal cyst were identified as Cercopithifilaria
sp. (Fig. 2) based on measurements (i.e., 182 + 5.5 um in length, 4.7 = 0.4 pm in width)
and morphological features, (i.e., rounded head, dorsoventrally flattened body, and thick
cuticle presenting transverse striations). After PCR of tick and fluid sample with
subsequent DNA sequence analysis of the 12S rRNA gene, it was possible to identify the
species C. bainae (identity, 99.62-100%). The DNA sequences obtained in the present
study were deposited in the Genbank database under the accession number MN647587

and MN646393.

4. Discussion
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This study reports a clinical case of giant cutaneous cyst in a dog infected by C.
bainae. Although the pathogenicity of C. bainae had been poorly understood, attention
has been paid by dermatologists and clinicians due to the description of cutaneous
manifestations (i.e., subcutaneous nodules and erythematous dermatitis) (Otranto et al.,
2011; Boyd et al., 2019) and systemic disorders, such as chronic polyarthritis (Gabrielli
et al., 2014). In the present study, the large number of microfilariae (above 60
microfilariae/ 10 pL), their persistence after 2 months of treatment and the absence of
coinfection with other pathogens suggest a putative involvement of C. bainae in this
clinical condition.

The CBC and biochemical serum analysis did not reveal alterations (i.e., anemia,
thrombocytopenia or increase in serum enzyme levels), which are common in infections
by Dirofilaria immitis, causing heartworm diseases (Smith et al., 2015; Monobe et al.,
2016). However, there is no information about hematological alterations associated to C.
bainae infection, probably due to the subcutaneous localization of this parasite. It is
important to notice that the presence of subcutaneous effusion and C. bainae microfilariae
together had never been reported before. Most likely, it should be related to an
exaggerated immune response against the parasite, with fluid sequestration or lymphatic
obstruction.

In the present study, the lesions observed in the cyst on histopathological
examination consisted of interstitial plasmacytic and eosinophilic dermatitis associated
with edema, hemorrhage and necrosis. Dermal inflammation reactions (i.e., eosinophilic,
phagocytic hyperplasia and/or granulomatous) have already been described with the
presence of adult worms and/or microfilariae of filarioids infecting dogs, like C. bainae,

Dirofilaria repens and Onchocerca lupi (Boyd et al., 2019, Albanese et al., 2013; Otranto
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et al., 2013), and should be considered for confirmatory diagnosis and to rule out other
differential diagnoses.

Little is known about the treatment of C. bainae infections. Previous studies have
demonstrated the inefficacy of the association between melasormin and doxycycline used
for D. immitis treatment (Lefoulon et al., 2016; Boyd et al., 2019). Probably, this
inefficiency is related to the melasormin toxicity and doxycycline inefficacy due to the
absence of Wolbachia spp. bacteria in Cercopithifilaria nematodes (Lefoulon et al., 2016;
Boyd et al., 2019). For a long time, macrocyclic lactones (i.e., ivermectin, moxidectin,
milbemycin) have been used for filarioids control. This has been confirmed by the
successful treatment with moxidectin/imidacloprid (Multi Advantage®, Bayer,
Leverkusen, Germany) of a case of erythematosus dermatitis associated with C. bainae
infection in a dog (Boyd et al., 2019).

The clinical recovery of the animal was achieved after surgical resection and
implementation of a drug protocol based on the use of ivermectin for two weeks. Finally,
in the present study, C. bainae have been detected in a tick-infested dog exhibiting a giant
dermal cyst. Considering the presence of microfilariae in the cyst fluid the influence of

this filarioid in the lesion has been speculated.
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Fig 1. Tumor in the lumbosacral region associated with C. bainae infection in a dog on

March 23, 2019 (A) and May 15, 2019 (B).

Fig 2. Cercopithifilaria bainae in subcutaneous fluid stained with 2% methylene blue.

Fig 3. Giant cutaneous cyst associated with C. bainae infection in a dog. Mass of
approximately 15cm in diameter and weighing 1.2kg removed by surgical procedure (A).
Serosanguinous exudate and abundant irregular nodules with approximately 1 to 3 cm in

diameter present within the mass (B).
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Fig 1. Tumor in the lumbosacral region associated with C. bainae infection in a dog on
March 23, 2019 (A) and May 15, 2019 (B).

Fig 2. Cercopithifilaria bainae in subcutaneous fluid stained with 2% methylene blue.
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Fig 3. Giant cutaneous cyst associated with C. bainae infection in a dog. Mass of

approximately 15cm in diameter and weighing 1.2kg removed by surgical procedure (A).
Serosanguinous exudate and abundant irregular nodules with approximately 1 to 3 cm in

diameter within the mass (B).
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CAPITULO 5

Artigo 4- (Artigo formatado seguindo as normas da Acta veterindria Brasilica)
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RESUMO - A dirofilariose é uma zoonose emergente de ampla distribui¢do mundial. No
Brasil, é causada por Dirofilaria immitis e transmitida por diferentes espécies de
culicideos. O presente trabalho tem por objetivo relatar o primeiro caso de dirofilariose
canina em Campo Grande, Mato Grosso do Sul. No dia 6 de setembro de 2018, um canino,
fémea, poodle, de 14 anos de idade, foi atendido numa clinica veterinaria particular de
Campo Grande- MS, apresentando hipertensao arterial e eosinofilia. O animal foi
medicado e apo6s nove dias, retornou com piora do quadro clinico (emese, melena,
taquicardia, taquipneia). Mais exames laboratoriais foram solicitados, em que observou-
se alteracdes cardiacas, hepaticas, renais e pancredticas, além da presenca de
microfilarias, identificadas morfologicamente como D. imittis e confirmada espécie por
teste sorolégico e molecular. O animal foi internado, mas veio a 6bito no quinto dia. Apesar
de Campo Grande tratar-se de uma area nao endémica, o animal possui relato de viagem
para regido litoranea, sem realizacdo de tratamento profilatico. Portanto, representa um

caso aloctone de dirofilariose na regiao.
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Palavras-chave: microfilaria, verme do coracdo, canino

INTRODUCAO

Dirofilariose, também conhecida popularmente como “doen¢a do verme do cora¢do”
(hearthworm disease), ¢ uma zoonose emergente negligenciada cujo agente etioldgico é
Dirofilaria immitis. De transmissao vetorial, este nematddeo é responsavel por ocasionar

doenga cronica de acometimento cardiopulmonar em cdes (SEVIMLI et al.,, 2007).

Nestes animais a doenca possui dificil diagnostico clinico, pois os sintomas dependem do
numero de parasitos adultos presentes, do tempo de evolucdo da doenca e da resposta
imune do hospedeiro. Clinicamente, os animais podem apresentar-se assintomaticos ou
exibirem sinais inespecificos, como tosse, dispneia, fraqueza, anorexia, e em alguns casos

mais graves, sincope, caquexia, ascite e 6bito (SEVIMLI et al,, 2007; SMITH et al.,, 2015).

0 diagnostico definitivo requer a detec¢do de antigenos circulantes de fémeas adultas ou
identificacdo de microfilarias em amostras sanguineas mediante analise microscdpica

e/ou testes moleculares (DA SILVA; LANGONI, 2009; TAYLOR et al,, 2010).

A distribuicdo da infeccdo é cosmopolita e caracterizada como endémica em areas
litoraneas tropicais e subtropicais (TAYLOR et al., 2010), sendo relatado prevaléncias de
14% no Rio de Janeiro (R]) (LABARTHE et al., 1998); 10,7% em Recife (PE) (ALVES et al,,
1999); 15% em Santa Catarina (ARAU]O etal, 2003); 8% no Estado de Sao Paulo (SOUZA;
LARSSON, 2001). Segundo Barbosa; Alves (2006), a prevaléncia média nacional em cdes
é de aproximadamente 10, 2% para cdes microfilarémicos e 9, 1% baseado em testes
sorologicos, no entanto, nao ha relatos da presenca de D. immitis em Mato Grosso do Sul.
Portanto, o presente trabalho tem por objetivo relatar o primeiro caso dirofilariose canina

na regiao.

CASUISTICA
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No dia 6 de setembro de 2018, um canino, fémea, poodle, de 14 anos de idade, foi atendido
numa clinica veterinaria particular em Campo Grande, Mato Grosso do Sul (19255'04 "Se
54221'50" 0), sob a queixa de um “nddulo no olho”. O animal era castrado, alimentava- se
unicamente de ra¢do, vacinado e vermifugado anualmente, ndo possuia acesso a rua e

nem ectoparasitas no momento do atendimento.

Ao exame clinico foi observado presenca de um nédulo na palpebra inferior esquerda
(lcm de diametro), tempo de perfusao capilar (TPC) 2 segundos, temperatura retal,
38,5°C, Frequencia cardiaca (FC) e respiratéria (FR) normais e pressao arterial

aumentada (PAS 180 mmHg e PAD:100mmHg).

Foi entdo solicitado hemograma completo e os bioquimicos séricos: alanina
aminotransferase (ALT), creatinina, fosfatase alcalina (FA), ureia, proteinas totais e
globulina. Na andlise hematolégica observou-se apenas eosinofilia (1425/uL). Foi
prescrito dipirona 500mg, 1 gota/kg, a cada 12 horas, durante sete dias e Anlodipino, 0,2

mg/kg, VO, a cada 12 horas durante sete dias, para controle da hipertensao arterial.

No dia 15/09/2018, o paciente retornou apresentando piora do quadro clinico. O animal
apresentava émese, melena, taquicardia (135 bpm) e taquipneia (65 rpm). Foi solicitada
a internacdo do animal e novos exames laboratoriais como, urinalise, razdao P/CU,
hemograma, ecocardiograma e bioquimicos séricos: ALT, creatinina, ureia, proteinas
totais, globulina, colesterol, lipase, amilase, calcio, fésforo, AST, GGT, triglicerideos,

bilirrubina direta e indireta.

No ecocardiograma notou-se dilatacdo ventricular direita, discreta hipertrofia ventricular
esquerda e insuficiéncia mitral discreta. Na urindlise observou-se proteinuria intensa
(+++) e P/CU aumentada (0,9 mg/dL). Na analise hematol6gica observou-se aumento nas
enzimas ALT (142 U/L), FA (191,6 U/L), ureia (61,76 mg/dL), amilase (3.689 UI/L),
colesterol (425,98 mg/dL) e lipase (1.979 Ul/L). Também havia hemolise acentuada no

plasma, esquitocitos e presenca de microfilarias.
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Uma aliquota sanguinea foi encaminhada para identificagdo morfolégica e molecular das
microfilarias. Pelo teste de Knott modificado, dez microfilarias foram avaliadas e
mensuradas, apresentando comprimento médio de 312 + 14 um e largurade 6,2 £ 0, 5
um, com extremidade frontal conica e extremidade posterior reta, sendo entdo
identificadas como D. immitis (Figura 1) de acordo com as descricdes de Ramos et al.
(2016). O diagnostico foi confirmado pelo teste SNAP 4Dx Plus® (IDEXX Laboratorios),
no qual a amostra sanguinea foi reagente para deteccdo de antigenos circulantes de
fémeas adultas de D. immitis e negativo para os demais patogenos (Ehrlichia sp.,

Anaplasma sp., e Borrelia sp.).

Figura 1. Dirofilaria immitis em sangue de cao detectado pelo teste de knott modificado.

Fonte: acervo do autor

Para caracterizagdo molecular da espécie, DNA gendmico da amostra de sangue foi
extraido utilizando o protocolo descrito por Araujo et al. (2009). Em seguida procedeu-se
a PCR (Reacdo em Cadeia da Polimerase) do gene 12S rRNA de acordo com Otranto et al.
(2011). O produto de amplificagcdo (330pb) foi visualizado apos eletroforese em gel de
agarose (2%) e purificado utilizando ExoSAP-IT (Thermo Fisher Scientific Carlsbad, CA,

USA), de acordo com as instrugdes do fabricante. A amostra foi sequenciada em ambas as
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direcdes pelo método de Sanger, usando um sequenciador automatizado 3130-ABI
(Applied Biosystems). Os cromatogramas foram avaliados e editados utilizando o
software Contig editor (Gene Studio) v. 2.2.0, e a sequéncia consenso (284pb) foi
submetida a analise BLASTn, apresentando 100% de identidade com sequencias 125
rRNA de D. immitis. A sequéncia de DNA obtida no presente estudo foi depositada no

banco de dados Genbank sob o niimero de acesso MN947412.

Durante internacdo foi prescrito Silimarina 50mg/kg, a cada 24 horas, Bezafibrato 2,5
mg/kg a cada 12 horas, Omeprazol 1mg/kg a cada 24 horas, Enalapril 0,5m/kg a cada 12
horas, Doxiciclina 10mg/kg a cada 12 horas; Advocate® (Imidacloprida 100 mg,
moxidectina 25 mg) 1mL, dose tnica. No quinto dia de internagao, o animal teve perda da
consciéncia, bradicardia acentuada, auséncia de reflexos, parada cardiorrespiratoria e

veio a 6bito. Nao foi autorizada a necropsia.

DISCUSSAO E CONCLUSOES

Embora a distribuicdo de D. immitis seja cosmopolita e estados vizinhos ja terem relatado
a ocorréncia desse parasita (FERNANDES et al., 1999; SOUZA; LARSSON, 2001), este trata-

se do primeiro caso relatado de dirofialariose canina no Mato Grosso do Sul.

A confirmacdo do diagnéstico suscitou o questionamento se esse caso seria autéctone, no
entanto, o prorietario relatou que o animal viajou para Macaé no estado do Rio de Janeiro,
entre dezembro e janeiro de 2017, e ndo foi realizada qualquer medida de prevencgao. Pelo
fato do Rio de Janeiro ser endémico (LABARTHE et al., 1998) e o més em que as
microfilarias de D. immitis foram detectadas se encaixarem perfeitamente com o periodo
pré patente da doenca (DA SILVA; LANGONI, 2009), assume-se que este relato represente

um caso aldctone.

Segundo DA SILVA; LANGONI (2009), a introducao e disseminacao de D. immitis para
areas antes livres, esta associada circulacdo de cdes domésticos infectados. Embora nao
seja um caso autdctone, Campo Grande- MS também possui caracteristicas que podem

favorecer a introducao e permanéncia do agente, como o clima, desmatamento, falta de
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saneamento basico, e uma elevada populacao de vetores em potencial no meio urbano e

periurbano (Ex. A. aegypti e C. quinquefasciatus).

Recentemente, um caso de microfilaremia por um outro filarideo (Cercopithifiaria bainae)
também foi relatado nesta cidade (TUTIJA et al., 2020), no entanto assim como para D.
immitis e Acanthocheilonema reconditum, ndo se sabe a importdncia clinica e
epidemioldgica desses filarideos na regido. Ao contrario de D. immitis, esses outros
filarideos nao costumam estar relacionados a condigdes patolédgicas graves, no entanto
necessitam ser diferenciados (via analise microscopica, soroldgica ou molecular), para
ndo ocasionar em erros no diagnostico e no tratamento dos animais acometidos (TUTIJA

etal., 2020).

As alteragdes clinicas associadas a dirofilariose sdo resultado de lesdes vasculares
causadas pela presenca de parasitas no sistema circulatério do animal. Na maioria dos
casos, a doenca é assintomatica ou apresenta sinais inespecificos (SEVIMLI et al., 2007;
SMITH etal., 2015). No dia 6/09/2018, os achados clinicos e laboratoriais ndo permitiram
o reconhecimento antecipado da doenga, ocasionando em comprometetimento o

progndstico.

Embora eosinofilia seja em alguns casos relacionados com dirofilariose (SMITH et al.,
2015; MONOBE et al., 2016), é um achado hematolégico inconsistente, pois menos da
metade dos cdes com dirofilariose o apresentam, além de ser comummente encontrado
em outras infec¢des causadas por parasitos nematédeos (MONOBE et al., 2016). Esta
alteracao esteve presente no primeiro hemograma, mas nao reapareceu nos exames do

dia 15/09/2018, mesmo com a intesificagdo do quadro clinico.

Em casos de infec¢des macigas, sio comuns o desenvolvimento de quadros circulatérios
e distarbios imunomediados. Obstrucao de ligacoes do fluxo sanguineo pela insuficiéncia
cardiaca direita leva a deposicao de imunocomplexo e fibrina nos glomérulos, podendo
levar a gromerulonefrite e insuficiéncia renal (TAYLOR et al., 2010; MONOBE et al., 2016).
Os achados ecocardiograficos, proteinuria intensa (+++), azotemia e relacdao U/PC

aumentada no presente relato foram compativeis para estas condi¢des.
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Os achados laboratoriais ALT e FA aumentadas no presente relato foram sugestivos de
hepatopatia, estando de acordo com Taylor et al. (2010) que afirmam que a insuficiéncia
cardiaca direita congestiva também leva ao aumento da atividade das enzimas hepaticas,
congestado e lesao do figado. Alteracdes pancreaticas, dadas pelo aumento das enzimas
amilase, lipase, colesterol, também foram observadas. Estas ndo costumam ser citadas,

porém podem estar relacionadas com casos mais graves da dirofilariose.

Considerando a gravidade das lesdes, com base nas alteragdes clinicas e laboratoriais
observadas, a combinacao de medicamento preventivo (Advocate®) com doxiclicina foi
uma conduta correta e de acordo com as diretrizes da American heartworm society, sendo
esta fortemente recomendada antes da terapia adulticida (Melasormina) para pacientes
em estagios mais graves, de modo a evitar a morte em massa de parasitas adultos e
consequente obstrucdo de vasos (MONOBE et al.,, 2016). Infelizmente, antes de se iniciar

a terapia adulticida o animal veio a dbito.

Segundo Monobe et al. (2016) subdiagndstico é o maior problema para esta infecgao,
principalmente para os animais que nao recebem tratamento profilatico e/ou sdo
imunossuprimidos. Esses casos também sdo associados com tempo de sobrevida

reduzido, resultando em morte rapida do animal devido a falha cardiaca.

O presente relato, trata-se de um caso de dirofilariose em um cao idoso, com uma provavel
resposta imunitaria ineficaz. A condic¢do clinica de sinais leves e ndo especifica, teve rapida
progressao (em menos de duas semanas), resultando em alteragdes patolégicas cardiacas,
hepaticas, renais e pancreaticas, levando o animal a 6bito. Porém devido ao deslocamento
do animal para uma regido endémica e sem realizacdo de tratamento profilatico,

provalmente trata-se de um caso aldctone da regiao.
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CAPITULO 6

CONSIDERACOES FINAIS

A presente dissertacdo, composta por quatro artigos, demonstra que por meio
de avaliagGes da sequéncia de DNA foi possivel confirmar a identificacao de Dirofilaria
immitis e Cercopithifilaria bainae infectando cdes de Campo Grande, Mato Grosso do
Sul, Brasil, incluindo casos autéctones.

Muitos animais infectados por filarideos sdo assintomaticos, ou apresentam
sinais leves e nao especificos, porém também podem evoluir para lesdes mais graves,
sejam sistémicas (ex. lesGes cardiorrespiratérias, hepaticas e renais): como foi
relatado no caso de dirofilariose (artigo 4), ou dérmicas (ex. dermatites, cisto cutaneo
gigante): como relatado na presenca de C. bainae (artigo 3). Essas informacdes
servem de alerta para buscar confirmacao da espécie de filarideo, esteja presente no
sangue ou na derme, de modo a ndo ocasionar em erros no estabelecimento do
diagndstico, progndstico e tratamento dos animais acometidos.

Dentre os testes avaliados neste estudo, o diagnostico molecular (PCR do gene
12S rRNA), possui melhor sensibilidade, além de ser util para classificar espécies de
microfilarias. No entanto, analises microscopicas (ex. teste de Knott modificado e
exame de sedimento de pele) devem ser consideradas como teste de triagem para
deteccdo de género de filarideos circulando no sangue e/ou presentes na derme,
justamente, por serem mais baratas e faceis de serem amplamente utilizadas.

Medidas preventivas devem ser adotadas quando houver deslocamento de
animais de/para regibes endémicas para filarideos, de modo a evitar mais casos
aléctones e autdctones. Considerando que na area de estudo mosquitos e carrapatos
(Rhipicephalus sanguineus) sdo predominantes ao longo do ano, medidas profilaticas
também devem ser promovidas e adotas para evitar a infestacdo de animais por estes
ectoparasitos. Consequentemente, isso irA minimizar os riscos de infeccdes
(sanguineas e dérmicas) por filarideos e outras doencas transmitidas por vetores

artrépodes.
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ANEXOS

Servigo Publico Federal
Ministério da Educagéo
Fundagéao Universidade Federal de Mato Grosso do Sul

CERTIFICADO

Certificamos que a proposta intitulada “Pesquisa molecular de filarideos
caninos e seus potenciais vetores em Campo Grande, Mato Grosso Do Sul, Brasil”,
registrada com o n° 961/2018, sob a responsabilidade de Carlos Alberto do
Nascimento Ramos - que envolve a utilizagio de animais pertencentes ao filo
Chordata, subfilo Vertebrata, para fins de pesquisa cientifica — encontra-se de acordo
com os preceitos da Lei n® 11.794, de 8 de outubro de 2008, do Decreto n° 6.899, de
15 de julho de 2009, e com as normas editadas pelo Conselho Nacional de Controle
de Experimentagdo Animal (CONCEA), e foi aprovado pela COMISSAO DE ETICA
NO USO DE ANIMAIS/CEUA DA UNIVERSIDADE FEDERAL DE MATO GROSSO

DO SUL/UFMS, na 6 reunigo ordinaria do dia 07/08/2018.

FINALIDADE ( ) Ensino (x) Pesquisa Cientifica
Vigéncia da autorizacao 1°/08/2018 a 30/06/2020
Espécie/Linhagem/Raca Canis familiaris /| SRD
N° de animais 80 Machos + 80 Fémeas = 160
Peso/ldade Todas as idades
Sexo Machos e Fémeas
Origem Criadores domésticos

1. .
Jojce Stein

Coordenadora da CEUA/UFMS
Campo Grande, 08 de agosto de 2018,

Comiss&o de Etica no Uso de Animais/CEUA
httop://www.propp.ufms.briceua

ceua.propp@ufms.br
fone (67) 3345-7925
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Servigo Plblico Federal
Ministério da Educagin

J Fundagio Universidade Federal de Mato Grosso do Sul | <
UFMS

RESOLUCAO N° 77, DE 08 DE MAIO DE 2018,

O PRESIDENTE EM EXERCICIO DO CONSELHO DE FACULDADE
da Faculdade de Medicina Veterindria e Zootecnia, da Fundagio Universidade Federal de
Mato Grosso do Sul, no wso de suas ambwgies e consderando a Fesoligio 43 de 12 de
setembro de 2012 — COUN/UFMS (Regulamento da Comissio de Etica no Uso de Animais
(CEUA), e, o Parecer da Comssio de Pesquisa FAMEZ, mstituida pela [SFAMEZ N° 115, de
21 de outubro de 2016, resolve, ad refe re ndum:

Manifestar-se  favoravelmente  pela aprovagio do Projeto de Pesquisa,
denommade “PESQUISA MOLECULAR DE FILARIDEOS CANINOS E SEUS
POTENCIAIS VETORES EM CAMPO GRANDE, MATO GROSS0O DO SUL, BRASIL™
sob a Coordenagiio do Prof. Carlos Aberto do Nascimento Ramos, Siape n® 2142813,

ALEXANDRE MENEZES DIAS.

) Documento assinado eletronicamente por Alexandre Menezes
SE|| Dias, Diretor(a), Substituto(a), em 08/05/2018, as 14:28,
o v e conforme horario oficial de Mato Grosso do Sul, com fundamento

no art. 69, § 12, do Decreto n® 8.539, de 8 de outubro de 2015.

" https://sei.ufms.br/seicontrolador externoc.php?
H acan=dncumenm conferiréid orgao acesso externo=0,

GABINETE DA DIRECAO DA FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA
Av Costa e Siva, ein” - Cldade Universitéria
Fone:
CEP MO00-900 - Carmpo Grande - MS

Referéncia: Processo n2 23104.008046/2018-41 SEI n2 0482068



i

PREFEITURA MUNICIPAL DE CAMPO GRANDE
ESTADO DE MATO GROSSO DO SUL
SECRETARIA MUNICIPAL DE SAUDE

C.I. N. 20. TEQ\GER/SESALI2018, 26 ce Setembeo de 2018
DE: Gerénoa de Educagdo Permanente < SESAU

PARA: Veruska Lahdo - Superniendente

ASSUNTO: Autonzacdo

informo a mn&domcmhbuﬁ c¢o Nascemento Ramos, com
titulo do projeto de PESQUISA MOLECULAR DE FILARIDEOS CANINOS € SEUS
POTENCIAIS HOSPEDEIROS ARTROPODES EM CAMPO GRANDE, MATO GROSSO DO
SUL, Bmmmmape’qummpmudomm 17409,

- .nascmentof@ufms.be telefone gara contato .
&we%.mdamm«mmmgmm
Atenciosamente,
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Minlaterie oo Melo Amblante
COMSELHO DE GESTAQ DO PATRIMOMIO GENETICO

EHETEMS MACIOMAL DE GESTAD DO PATRMOKID CENETICS E B0 CORHECIMENTD TRADICIONAL ASSOCIADG

Cartidao
Cadasiro n® ASIGTAS

Declaramos, mos f=mmos do art. 41 do Deoreto n® B7722015, gue o cadasio de acesso ao pabrimdnic
gendico ou comhecdmenio Fadicional assoCiado, ababn dentficado = resumildo, no Skiema Nackomal de Gestio
do Palrimitinia Gendbos & do Conbecmento Tradiclorsl Assocads #ol submetido a0 pocedments administrativo
de werificaglo = nic %l objsto de reguedmenios admitidos de verficaglo de Indidos de Imegularidsdes ou, caso
i=nha sido, o eguermendo de verifcagio ndo fol acatade peio CGen.

MNimer do cadasio: ABDETABR

WsmArio; Caroe &lberio do Macolmesnto Ramos

CPFMCHPJ: 03238331408

Objelo do Acesso Fatrimibnlo Sandtion

“raldayde do ACESSD: Facgulca

Epdode

Dirofiaris Immitic

Tiuko da Asividade: FEZ@UIZA MOLECULAR DE FILARIDECSE CANINGE E SEUE POTENCIAIE

YETOREE EM CAMPC ORANDE, MATD GROIED DD UL, BRAZIL

Equlpa

Carios &lberto do Hacolmanic Ramoc UFms

Diata do Cadastr: 2RMEZNE 14:44:04 EﬁE

Eituagio do Cadastm: Conalulda =

Conselho de Gestic do Patrisstinks Gendtico
Gltl.l-ﬂl;!ﬂ cadazimal conforme consulla ao SEGen & 18:13 de= 16/DEZT18.
o e 4 SISTEMA MASIOMAL DE GESTAD
DO PATRIMGHS GEMNETIGS
E DO aR=ECIMENTO TRADICHOMAEL

fhd"‘h ARSDCIGDN = RIS GEN
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
INQUERITO DE FILARIDEOS EM CAES

Eu

Idade_ anos, Sexo__ , Naturalidade Portador(a) do documento
RG UF: , residente a Rua: n° ,
Bairro , tel. , declaro ter sido informado de que

estarei participando espontaneamente de um estudo de académico referente a
filariose canina.

Estou ciente que ao participar desta pesquisa, estarei garantido eticamente e
poderei desistir a qualquer momento, inclusive sem nenhum motivo, bastando
para isso, informar minha decisdo a(o) pesquisador(a). Minha participacao é
voluntaria e sem interesse financeiro, nao estando correndo os riscos ou prejuizos
de qualquer natureza. Os dados referentes a minha pessoa serdo sigilosos e
provados, sendo que poderei solicitar informacoes durante todas as fases da
pesquisa, inclusive apos a publicacao da mesma. Foi-me informado que para a
pesquisa constara de coleta de ectoparasitas do animal e no domicilio, amostra
de sangue, fragmento de pele e um questionario, garantindo-se toda a privacidade
e a confidéncia destas informacoes que sera realizada pelo Médico Veterinario
Rodrigo Leite Soares, sob a orientacdo da professor Dr. Carlos Alberto do
Nascimento Ramos, telefone de contato (67) 98174-2669 (Rodrigo).

Como o meu anonimato sera preservado por questoes éticas, CONFIRMO estar
sendo informado por escrito e verbalmente dos objetivos deste estudo cientifico e

em caso de divulgacao por foto e/ou video AUTORIZO a publicacao.

Campo Grande de de 2019.

Assinatura do participante
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QUESTIONARIO EPIDEMIOLOGICO- FILARIOSE CANINA

Proprietario:
Nome: N° () Macho ( ) Fémea
Idade: ( )6 al2meses ( )1-5anos () acima de 5 anos
( ) SRD ( ) Raca pura Qual?
Castrado? ( ) Sim ( ) Nao
Animal reside em: ( ) area urbana ( ) rural ( ) periurbana
Origem:
Visita area rural? ( ) ndo ( )sim Onde? Frequéncia?
Alimentacao: ( ) caseira ( ) Racao comercial ( ) ambos
Tem contato com outros animais? ( ) sim ( ) nao
Se sim, com quais? ( )caes () felinos () equideos
( )silvestres ( )aves () suinos
Possui acesso a rua? () sim ( )nao
Qual ambiente onde o animal é criado?
() Terra ( ) cimento ( )terra/cimento

E realizada limpeza ou desinfeccdo do local? ( )sim ( )ndo

Com que freqiiéncia? ( )diaria ( )semanal ( ) quinzenal ( ) mensal
O animal tomou alguma vacina? ( )Sim ( )nao

Se sim, quais? ( )anti — rabica ( ) contra viroses ( )outra

O animal ja foi vermifugado? ( )sim ( )ndo Quando?

Uso de ivermectina? ( ) sim ( )nao

Uso de doxiciclina? ( )sim ( )nao
Conhecimento sobre a doencga? ( ) sim ( )nao
Animal ja fez transfusao de sangue? ( ) ndo ( ) sim Quando?

Animal tem doenca cronica ou infecto-parasitaria? ( ) nado ( ) sim
Qual(is)?

Consulta ao veterinario? ( ) Periodicamente ( )nunca ( ) S6 quando adoece




Sinais clinicos

83

Apatia Distensao abdominal Mucosas Nodulo
palidas subcutaneo
Anorexia Edema Taquicardia Necrose
cutanea
Letargia Linfadenomegalia Taquipneia Alopecia
Vomitos Hepatoesplenomealia Febre Uveite
Diarreia Outros

II1- DADOS SOBRE VETORES

Apresenta carrapatos? ( ) sim ( )nao
N° de carrapatos coletados: () larva ( )ninfa () Adulta ingurgitada

() Adulta nao ingurgitada () Macho

Animal tem/teve pulga? ( ) sim ( )nao

( ) n° de pulgas coletadas

Queixa de mosquitos? ( ) sim ( ) nao

Periodo de maior queixa? ( ) Manha ( ) Tarde () Noite
Vegetacao nas mediacoes? ( ) primaria ( ) secundaria

N° de mosquitos: ( ) Culexsp. ( ) Aedes sp. () Flebotomineos
( )Anopheles sp. ( ) outros

Utiliza de estratégia/medicamento para tratamento e/ou prevencao de

ectoparasitos? ( ) sim ( ) nao Qual?
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reports/2405-9390/guide-for-authors

Artigo 4. Formatado conforme as normas do periodico: Acta Veterinaria Brasilica,
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