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RESUMO

Os carrapatos de corpo duro (Acari: Ixodidae) contam com 724 espécies descritas, sendo 120
espécies registradas oficialmente na regido neotropical. No entanto, na Colémbia o registro
e distribuicdo das espécies da familia Ixodidae é escasso e pouco se sabe sobre a interacéo
destes ectoparasitas com as diferentes espécies de Rickettsia na regido, deixando uma lacuna
em estudos e em conhecimento ixodoldgico e zoon6tico no pais. Desta forma, o presente
trabalho buscou: a) realizar o levantamento e identificacdo de espécies de carrapatos duros
associados a hospedeiros domeésticos em regides da Coldmbia, utilizando caracteres
morfologicos externos e marcadores moleculares; b) aferir a existéncia de caracteres
morfohistoldgicos do sistema reprodutor masculino de carrapatos do género Amblyomma e
c) verificar a ocorréncia de bactérias Rickettsia spp. em carrapatos duros em regides da
Colémbia. Durante o periodo de agosto de 2014 e maio de 2016, foram coletados 1.745
carrapatos diretamente de hospedeiros domeésticos e em ativa alimentacdo, em 17 municipios
de 10 departamentos da Colémbia. Os individuos coletados foram identificados com base em
sua morfologia externa e preparados para aplicagdo de técnicas de microscopia, bem como
técnicas de analise molecular dos genes ITS2, citocromo oxidase | (COI) e 16S rDNA. Os
resultados encontrados permitiram o registro de trés géneros e oito espécies de carrapatos
duros nas areas de estudo, sendo registrada pela primeira vez a espécie Amblyomma mixtum
para a Colémbia. Outro registro inédito, no presente estudo foi um caso de ginandromorfismo
em A. mixtum, sendo o primeiro caso para a espécie e 0 primeiro para carrapatos no pais. As
analises das populacdes de Rhipicephalus sanguineus sensu lato mostraram que os carrapatos
do departamento do Casanare sdo morfologicamente distintos aos de outras regides da
Coldémbia, apesar das analises moleculares evidenciarem tratar-se da mesma linhagem.
Embora ainda preliminar, os dados obtidos mostraram também que o sistema reprodutor
masculino de carrapatos e suas células germinativas possuem caracteres elegiveis para
analises de sistematica de Ixodidae. Confirmou-se também a presenca de agentes infecciosos
do grupo das rickettsias em espécimes de carrapatos coletados, alertando sobre a importancia
de medidas governamentais epidemiolégicas em alguns dos departamentos colombianos
amostrados.

Palavras-chave: Amblyomma mixtum, Ginandromorfo, Marcadores moleculares,

Morfohistoldgicos, Morfologicos, Rhipicephalus sanguineus s.l.

Fredy Arvey Rivera-Paéz



ABSTRACT

Hard-bodied ticks (Acari: Ixodidae) comprise 724 known species, with 120 species officially
registered for the Neotropical region. However, in Colombia, species registry and distribution
for the family Ixodidae is scarce, and little is known of the interaction of these ectoparasites
with the different Rickettsia species in the region, leading to gaps regarding the ixodological
and zoonotic study and knowledge in the country. In this context, this study aimed to: a)
establish and identification hard-bodied ticks associated with domestic hosts in various
regions of Colombia, using external morphological characters and molecular markers; b)
assess the existence of morphohistological characters of the male reproductive system of
Amblyomma ticks; and c) verify the occurrence of Rickettsia spp. in hard-bodied ticks in
various regions of Colombia. During August of 2014 and May of 2016, 1745 ticks were
collected actively feeding on domestic hosts in 17 municipalities of 10 departments of
Colombia. The specimens were identified based on their external morphology and prepared
for microscopy, as well as for molecular analyses of genes ITS2, cytochrome oxidase | (COI)
and 16S rDNA. The results show the presence of three genera and eight hard-bodied tick
species in the municipalities studied, including the first register of the species Amblyomma
mixtum for Colombia. In addition, we report an unprecedented case of gynandromorphism in
A. mixtum, which also constitutes the first report for the species and the first for ticks in the
country. A population analysis of Rhipicephalus sanguineus sensu lato showed that
specimens of the department of Casanare are morphologically distinct from those of other
regions of Colombia, despite the fact that the molecular analyses showed that these belong
to the same lineage. Although preliminary, the data obtained also show that the male tick
reproductive system and its germ cells present eligible characters for Ixodidae systematics.
We also confirmed the presence of infectious agents of the rickettsial group in the tick
specimens collected, which alerts the importance of governmental epidemiological measures

in some departments of Colombia.

Keywords: Amblyomma mixtum, Gynandromorph, Molecular markers, Morphohistological,

Morphological, Rhipicephalus sanguineus s.l.
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1. Introducéo
1.1. Biologia e Sistematica dos Carrapatos

Os carrapatos séo artropodes ectoparasitas de habito hemat6fago obrigatério durante
todo o seu ciclo ontogenético, na maioria das espécies conhecidas. Pertencem ao Filo
Arthropoda, Classe Arachnida, Subclasse Acari, Superordem Parasitiformes, Ordem Ixodida,
Superfamilia Ixodoidae (KRANTZ; WALTER, 2009). No mundo existem aproximadamente
937 espécies de carrapatos (Acari: Ixodida), representadas em trés familias: Ixodidae,
conhecidas como carrapatos duros com 724 espécies; Argasidae, conhecidas como carrapatos
moles com 212 espécies; e a Nuttalliellidae com s6 uma espécie, Nuttalliella hamaqua
Bedford, 1931, restrita a Africa (NAVA et al., 2017).

Os carrapatos da familia Ixodidae sdo de grande importancia para a saude e a
economia mundial, por serem vetores de um grande nimero de patdgenos que afetam o
homem, animais domésticos e silvestres, além de diminuir o valor comercial do couro e
outros produtos de origem animal, o que provoca considerdveis perdas econdmicas
(COLWELL; DANTAS-TORRES; OTRANTO, 2011; FLECHTMANN, 1975;
SONENSHINE; ROE, 2014).

As espécies de carrapatos que pertencem a familia Ixodidae, tém como carateristicas:
capitulo sempre em posicao terminal (visivel dorsalmente); escudo em todos os estagios
ontogenéticos; dimorfismo sexual marcante; fixacdo profunda do hipostémio na pele do
hospedeiro e postura unica dos ovos no solo apds o completo ingurgitamento (BARROS-
BATTESTI et al., 2006; SAMPIERI, 2016).

Na regido neotropical, o numero registrado para a familia Ixodidae é de
aproximadamente 120 espécies (NAVA et al., 2017). A sistematica dos carrapatos duros vem
sendo discutida ha décadas e varios grupos foram revalidados através de novas ferramentas
de analises, como a biologia molecular. Algumas espécies como as da subfamilia
Amblyomminae, foram consideradas polimorficas por alguns  pesquisadores
(HOOGSTRAAL; AESCHLIMANN, 1982), no entanto, outros estudos como os de Black e
Piesman (1994), Burger et al. (2012), Beati et al. (2013) e Nava et al. (2014) demostraram a
origem polifilética da subfamilia, sua distribuicdo atual no continente americano e o real nivel

taxonémico de algumas espécies de grande importancia médica e veterinaria.

Fredy Arvey Rivera-Paéz
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Nas Americas, existem ao menos trés complexos de espécies dentro da subfamilia
Amblyomminae de relevancia para a medicina veterinaria e para a saude publica, sendo
“complexo Amblyomma cajennnense”, “complexo Amblyomma maculatum” ¢ “complexo
Amblyomma ovale”. O “complexo A. cajennense” era entdo representado por uma sO espécie
no novo mundo, Amblyomma cajennense sensu lato, desde o sul dos Estados Unidos até a
Argentina; em estudos recentes de extensa revisdo foram identificadas como parte desse
complexo seis espécies validas: Amblyomma cajennense sensu stricto (Fabricius, 1787)
(restrita a regido Amazoénica), Amblyomma mixtum (Koch, 1844) (desde o Texas até o
Equador), Amblyomma sculptum (Berlese, 1888) (norte da Argentina, Bolivia, Paraguai e
Brasil), Amblyomma interandinum (Beati, Nava & Céceres, 2014) (vale interandino do Peru),
Amblyomma tonelliae (Nava, Beati & Labruna, 2014) (&reas secas do norte da Argentina,
Bolivia e Paraguai), e Amblyomma patinoi (Labruna, Nava & Beati, 2014) (cordilheira
oriental da Colémbia) (BEATI et al. 2013; NAVA et al. 2014). Na Colémbia, as espécies do
complexo estdo representadas por A. patinoi (NAVA et al. 2014) e A. mixtum (RIVERA-
PAEZ et al. 2016).

O “complexo A. maculatum” abriga atualmente as espécies: Amblyomma maculatum
Koch, 1844; Amblyomma neumanni Ribaga, 1902; Amblyomma parvitarsum Neumann,
1901; Amblyomma tigrinum Koch, 1844 e Amblyomma triste Koch, 1844 (CAMICAS et al.,
1998). A. maculatum, A. triste, e A. tigrinum foram descritas e validadas por Koch (1844),
baseado em espécimes adultos dos Estados Unidos, Uruguai e Brasil, respectivamente. No
entanto, Neumann (1899) considera que estas trés espécies sdo uma s0, A. maculatum. A
diferenciacdo destas trés espécies apresenta ainda muita controvérsia, especialmente a
distincdo entre A. maculatum e A. triste (ESTRADA-PENA et al., 2005; GUGLIELMONE
etal., 2013; LADO, 2015; MENDOZA-URIBE; CHAVEZ-CHOROCCO, 2004; MERTINS
etal., 2010). Lado (2015) fazendo uso de marcadores moleculares mitocondriais e nucleares

sugere que A. triste pode ser sinonimizado com A. maculatum.

Amblyomma aureolatum Pallas, 1772 e Amblyomma ovale Koch, 1844, Aragédo e
Fonseca (1961), as consideram como parte do “complexo A. ovale ”, redescreveram o macho
e a fémea de ambas as espécies de carrapatos e discutiram sua sistematica dando suporte ao
uso dos nomes A. aureolatum e A. ovale (GUGLIELMONE et al., 2003a).

Fredy Arvey Rivera-Paéz
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Outra espécie de grande importancia, cuja sistematica vem sendo discutida, €
Rhipicephalus sanguineus sensu lato, uma espécie cosmopolita com elevada capacidade
reprodutiva e ampla variedade de hospedeiros, a qual parasita varias espécies animais,
incluindo o homem (DANTAS-TORRES, 2010), sendo encontrada em regifes tropicais e
subtropicais (DANTAS-TORRES, 2010; WALKER, 1994). Segundo varios autores, entre
eles Moraes-Filho et al. (2011), Nava et al. (2012) e Dantas-Torres et al. (2013) a posicéo
taxondmica de R. sanguineus s.l. é controversa e os estudos morfoldgicos e moleculares
evidenciaram pelo menos dois grandes grupos de R. sanguineus s.l., sendo uma linhagem

temperada e outra tropical.

Na Coldmbia, informacdes taxonémicas e biogeograficas de carrapatos sdo escassas,
tendo inicio com Osorno-Mesa (1940), em sua publicagdo “Las Garrapatas de la RepUblica
de Colombia”, na qual foi realizada a compilacao dos registros oficiais de carrapatos Ixodidae
e Argasidae no pais, apresentando chaves taxondmicas para identificacdo da espécie.
Segundo Mattar; Lopez-Valencia (1998), Guglielmone et al. (2003b), Nava et al. (2014),
Rivera-Pdez et al. (2016), Apanaskevich; Bermudez (2017) a Colémbia presenta
aproximadamente 56 espécies (15 Argasidae e 41 Ixodidae). O maior nimero de artigos na
Colémbia versa geralmente nas mesmas espécies como os estudos de Cortes-Vecino et al.
(2010) com Rhipicephalus (Boophilus) microplus Canestrini, 1888 os quais confirmaram a
presenca desta espécie no Altiplano Cundiboyacense, em altitudes superiores aos 2600

m.s.n.m.

Diante dessa exposicao, o registro aproximado existente para o pais é de 56 espécies,
0 que se mostra como um baixo nimero dado as dimensdes e diversidade do territério
colombiano. Existem indicios que ainda existem muitas espécies de carrapatos sem
identificacdo na Colémbia, bem como sua distribuicdo, o que evidéncia a necessidade de
propostas de projetos de pesquisa com uma abordagem moderna que permitam a obtencao
precisa de um mapa sobre a identificacédo e distribuicdo de espécies de carrapatos tanto em
animais domésticos como silvestres em toda a extensdo e diversidade do territorio

colombiano.

Assim sendo, fica claro que existem ainda muitos problemas de natureza taxonémica,

assim como um grande nimero de espécies cripticas que necessitam de estudos utilizando

Fredy Arvey Rivera-Paéz
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ferramentas integradoras, como o0 séo os estudos da morfologia externa, a morfologia interna
e a utilizacdo de marcadores moleculares nucleares e mitocondriais, num pais como a

Colbmbia, onde estas informac6es sdo escassas e fragmentadas.

1.2. Sistema Reprodutor Masculino do género Amblyomma

Os espermatozoides ou células germinativas masculinas apresentam morfologia e
ultraestrutura diversas e muitos autores assumem que essa diversidade € espécie-especifica.
E seria possivel através da investigacdo de sua forma definir desde o filo até a espécie do
macho que as produziu (BIRKHEAD; HOSKEN; PITNICK, 2009; JAMIESON; ROUSE,
1989; SAMPIERI, 2016; SONENSHINE; ROE, 2014).

Os testiculos sdo os érgdos onde as células germinativas masculinas tém origem. Em
carrapatos, esses ficam posicionados dorso lateralmente ao corpo do animal e seu tamanho e
estagio de desenvolvimento dependem do estado nutricional do macho. Os testiculos séo
pequenos nos animais jovens em jejum, contrariamente ao que se observa nos animais em
alimentacdo e naqueles que ou estdo ou estiveram em contato com as fémeas, que é quando
as gobnadas aumentam de tamanho (SAMPIERI, 2016).

As células germinativas encontram-se envoltas por um epitélio pavimentoso simples,
que formam os espermatocistos até estagios avancados de desenvolvimento. As células
germinativas ocorrem basicamente em duas etapas: a) a espermatogénese, divisdes mitdticas
e meidticas das espermatogdnias e dos espermatocitos, originando as espermatides e b) a
espermiogénese, desenvolvimento final (diferenciacdo) das espermatides, dando origem aos
espermatozéides (SAMPIERI, 2016). Da mesma forma, as fases que compreendem a
espermiogénese sdo dependentes de outros processos fisioldgicos, como o avanco do
processo alimentar do adulto e das secrecdes ejaculatdrias produzidas pelo macho, o que é
estimulado via contato mecanico com a fémea e € finalizado quando o espermatoforo despeja
0 conteudo espermatico na abertura genital feminina (Gtero) (FELDMAN-MUHSAM;
BORUT, 1978, 1983; REGER, 1963; SAMPIERI 2016; SONENSHINE; ROE, 2014).

Neste contexto, a espermiotaxonomia mostra-se como uma boa ferramenta na solucao
de controvérsias de ordem sistematica, 0 que pode auxiliar nas analises moleculares e de

morfologia externa em carrapatos de maneira integrada, proporcionando resultados mais

Fredy Arvey Rivera-Paéz
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robustos. Para tanto, faz-se necessario estudos de novas espécies, como as implicadas na
transmissédo de rickettsias inseridas em complexos (A. maculatum, A ovale e A. cajennense),
de modo a gerar um pool de informages relevantes para analises comparadas, compilando
os resultados até agora obtidos nas descricdes realizadas por Sampieri et al. (2014; 2016a;
2016b) sobre a anatomia e a morfologia do sistema reprodutor masculino destes

ectoparasitas, principalmente os do género Amblyomma de ocorréncia no Brasil e Colombia.

1.3. Género Rickettsia

As rickettsioses, ou doencas provocadas por Rickettsia spp., compreendem quatro
grupos, os dois principais grupos sdo aguelas conhecidas como febre maculosa ou febre
manchada (exantematicas ou petequiais) e grupo tifo (epidémico e murino). Apresentam
sindrome febril aguda que pode chegar a ser fatal, caso ndo seja tratada com antibidtico
adequado (HIDALGO, 2010; PAROLA; PADDOCK; RAOULT, 2005; WALKER, 1982).
As rickettsioses sdo de distribuicdo global e transmitidas por artrépodes vetores de
caracteristica emergente ou reemergente em algumas regiées. Howard T. Ricketts descobriu,
entre 1906 e 1909, que o agente etiologico da febre manchada das montanhas rochosas
(RMSF), Rickettsia rickettsii, era transmitido por carrapatos (OTEO et al., 2014).

O género Rickettsia abriga as bactérias do filo Proteobacteria, subclasse a-1, ordem
Rickettsiales, as quais sdo pequenos cocobacilos (0,3 a 1 um) com genomas entre 1,1 e 1,6
Mb, Gram-negativas e intracelulares obrigatorias que sobrevivem pouco tempo fora do
hospedeiro (OTEO et al.,, 2014). As rickettsias sdo bactérias intracelulares estritas,
transmitidas por artropodes que infectam principalmente as células endoteliais (WALKER,
1982). A maioria das espécies do género Rickettsia sdo classificadas no grupo tifo (GT) que
incluem Rickettsia typhi e Rickettsia prowazekii sendo seus vetores pulgas e piolhos,
respectivamente; e o grupo das febres manchadas (GFM) que incluem mais de 20 espécies,
tendo como principais vetores os carrapatos duros (Ixodidae) (OTEO et al., 2014). Os
principais sintomas das rickettsioses sdo: febre, dor de cabeca, mal-estar geral, algumas vezes
sintomas gastrintestinais e erup¢do cutanea depois de 2-7 dias do inicio da infec¢éo, a qual
se apresenta em aproximadamente 50% dos pacientes (HIDALGO, 2010; WALKER, 1982).

Fredy Arvey Rivera-Paéz
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Os reservatorios das rickettsias sdo principalmente roedores silvestres, além dos
proprios carrapatos. A contaminagdo do carrapato pelas rickettsias pode se dar por: a)
ingestdo da mesma durante o repasto sanguineo em hospedeiro infectado e riquetsémico e b)
aquisicdo por transmissdo transovariana ou transestadial (SOARES et al., 2012). As
rickettisas disseminam-se nos carrapatos ixodideos, multiplicando-se no citoplasma de
celulas intestinais, ovarianas, das glandulas salivares e dos tubulos de Malpighi, sendo
encontradas também na propria hemolinfa. A presenca generalizada da bactéria nos 6rgédos
do carrapato explicaria a transmissdo transestadial e a infec¢do dos ovarios a transmisséo
transovariana. Nos ixodideos em diapausa, as rickettsias entram em estagio de “dorméncia
celular” e, apos o repasto sanguineo, quando ha um aumento no metabolismo do carrapato,
as mesmas tornam-se ativas e se multiplicam, culminando no sucesso da transmisséo
(HAYES; BURGDORFER, 1982).

As técnicas de biologia molecular e o desenvolvimento de cultura de individuos do
género Rickettsia em tubos fechados (shell-vial) vém produzindo nas Ultimas décadas um
aumento na descricdo de novas espécies e de candidatos a novas espécies (OTEO et al.,
2014). Algumas espécies, previamente consideradas ndo patogénicas, vém demostrando sua
patogenicidade em humanos, como registrado para as Américas com Rickettsia parkeri, um
membro ja conhecido do GFM, descrito pela primeira vez em 1939 (OTEO et al., 2014).
Neste contexto, fica demostrado que qualquer espécie nova de Rickettsia descrita em
carrapatos deve ser considerada potencialmente patogénica para 0os humanos e a atencao deve
estar concentrada nas espécies e candidatas a espécies que estdo ligadas a vetores
cosmopolitas antrépicos (LABRUNA et al., 2011; OTEO et al., 2014).

Na América Latina e no Caribe, as espécies de carrapatos, implicadas como vetores
comprovados ou potenciais de rickettsias, estdo incluidas dentro dos géneros Amblyomma,
Rhipicephalus, Haemaphysalis e Dermacentor, todos pertencentes a familia Ixodidae na qual
as espécies A. cajennense s.l., A. triste, A. ovale, A. aureolatum e R. sanguineus s.l. sdo as
principais envolvidas (OTEO et al., 2014).

Na Colémbia, os estudos com rickettsias iniciaram no Municipio de Villeta
(Cundinamarca), regido considerada na atualidade como endémica para febre manchada das

montanhas rochosas (RMSF) ou febre maculosa brasileira (FMB) ou “febre de tobia” para a
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Colémbia. Na populacdo de Tobia, municipio de Cundinamarca, Coldmbia, a “febre de
tobia” foi o primeiro registro de rickettsioses na Coldmbia, causada por R. rickettsii e afetou
cerca de 20% da populagdo (PATINO; AFANADOR; PAUL, 1937). Depois de um
prolongado siléncio epidemioldgico (por caréncia de estudos) entre 2003 e 2004, Hidalgo et

al. (2007a) confirmaram R. rickettsii como agente causador da morte de dois pacientes locais.

Mais recentemente, alguns surtos de rickettsioses do GFM ocorreram nos municipios
de Necocli e Turbo, no departamento de Antioguia, em 2006 e 2008, respectivamente, e um
terceiro no municipio dos Cordobas, no departamento de Cordoba, em 2007 (ACOSTA et
al.,, 2006; HIDALGO et al.,, 2007b; PACHECO et al., 2008). No departamento de
Cundinamarca, Faccini-Martinez et al. (2015), conseguiram isolar R. rickettsii no carrapato
A. patinoi e detectaram molecularmente Rickettsia amblyommii (FACCINI-MARTINEZ et
al., 2016). Londofio et al. (2014) encontraram espécimes de A. ovale infectados por Rickettsia
sp. strain Atlantic rainforest, uma cepa patogénica para humanos, em cées e roedores em

municipios do Departamento de Antioquia e Cérdoba.

Em adicéo, estudos sorol6gicos em humanos e animais, realizados na Orinoquia da
Colémbia (departamentos de Arauca, Casanare, Guaviare, Meta e Vichada), mostraram uma
grande soroprevaléncia contra “RMSF” (MIRANDA et al., 2011; RIVEROS-PINILLA et al.,
2015). Gémez-Quintero et al. (2017) registraram um provavel caso de infeccdo rickettsial
por um membro do GFM numa paciente de 50 anos, procedente da mesma regido da
Orinoquia Colombiana, onde Rivera et al. (2016) relataram a presenca de A. mixtum, vetor
de R. rickettsi.
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2. Objetivos
2.1. Objetivo Geral

Diante das informagdes expostas, 0 presente trabalho teve como objetivo contribuir
para o conhecimento de carrapatos duros (Acari: Ixodidae) associados a hospedeiros
domeésticos em diferentes regides da Colémbia, fazendo uso de ferramentas morfoldgicas,
assim como de marcadores moleculares 1TS2, COIl e 16S, separando e determinando as
espécies, assim como fornecendo dados de sua variabilidade genética e da presenca de

especies do género Rickettsia.

2.2. Objetivos Especificos

A) realizar o levantamento das espécies de carrapatos duros associados a hospedeiros

domeésticos em diferentes localidades da Colémbia.

B) validar por meio da morfologia externa as espécies de carrapatos duros presentes

no territério colombiano;

C) determinar por meio do uso de marcadores moleculares a variabilidade genética

das espécies de carrapatos duros destas mesmas regides;

D) estudar através da aplicacdo de técnicas histolégicas no sistema reprodutor
masculino, as espécies A. ovale e A. maculatum coletadas na Colémbia, e comparar seu

morfologia com dados do género Amblyomma disponiveis na literatura;

E) realizar pesquisa da infecdo por Rickettsia spp. nos carrapatos duros do territorio

colombiano, determinando as espécies de rickettsias envolvidas.
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3. Materiais e Métodos

O presente trabalho foi realizado em 17 cidades pertencentes a 10 departamentos da
Colbémbia durante o periodo de Agosto de 2014 e Maio de 2016. Foram coletados carrapatos
duros diretamente de hospedeiros domesticos em cada um dos pontos de amostragem. O
estudo contou com a permissao de todos os proprietarios responsaveis pelos locais visitados
(fazendas), autorizando a visitagdo técnica nas propriedades privadas, quando era o caso,
além de amparo atraves da Permissao de Pesquisa concedida por 6rgdo competente do pais
(Resolucion No. 1166 ANLA “Autoridad Nacional De Licencias Ambientales” Coldmbia).

3.1. Obtencéo dos carrapatos

Os carrapatos foram coletados diretamente de hospedeiros domésticos em e em ativa
alimentacdo em 40 pontos de amostragem de 17 cidades pertencentes a 10 departamentos da
Colémbia (Tabela 1). Os carrapatos foram coletados em fase parasitaria fixados aos animais
domesticos e eventualmente em humanos, ou ativamente em fase de vida livre (no meio
ambiente). Os carrapatos foram coletados manualmente e com auxilio de pingas apropriadas
(oftalmicas).

Depois de coletados, os carrapatos foram acondicionados e preservados em criotubos
com alcool absoluto, devidamente identificados (data, coordenadas geograficas e hospedeiro)
e levados para o “Laboratorio de Biologia Molecular, Departamento de Ciencias Biolégicas,
Facultad de Ciencias Exactas y Naturales, Universidad de Caldas” Colémbia, onde foram
realizados as analises moleculares, uma vez que aquelas morfoldgicos foram totalmente

realizadas no Brasil.
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Tabela 1. Localidades na Colémbia onde os carrapatos foram coletados

Pontos de Departamento Municipio Coordenadas geogréficas
amostragem

1-11 Amazonas Leticia 4°6°317S, 69°58°5"W;  4°8°42”S, 69°56°28”W;
4°6°187S, 69°56°23"W;  4°4°24”S, 70°0°10W;
4°4°177S, 69°59°57"W;  4°4°38”S, 70°0°6”W;
4°7°277S, 69°56°59”W;  4°8°39”S,69°56°20"W;
4°9°157S, 69°56°1”W;  4°9°59”S, 69°57°41”W;
4°6°16S, 69°58°24"W

12 Antioquia Medellin 14°41™N, 75°3429"W

13-18 Arauca Arauca 06°55743”N, 70°27°36”W; 06°02°N, 69°25°W;
06°56°24”N, 70°32°0”W;  07°1°48”N,70°43°39”W;
07°3°55"N, 70°44°2”W;  07°4°34”N, 70°42°37"W

19 Arauca Fortul 06°47°39"N, 71°46’15"W

20,21 Arauca Saravena 06°57°26"N, 71°52°31”W; 06°57°21”N, 71°52°21”W

22 Bolivar San Jacinto 9°84’53”N, 75°11°88"W

23 Caldas Dorada 5°27°14"N, 74°39°53"W

24 Caldas Neira 5°11°50"N, 75°38°05"W

25 Caldas Norcasia 5°34°27"N, 74°53°20"W

26-28 Casanare Nunchia S21’1”N,  72°4°53”W;  5°21°13”N, 72°5°50”W;
5°21°40”N, 72°6°7"W

29-31 Casanare Yopal 5°19° 277N, 72°24°31”W; 5°25°53”N,72°14°36"W;
5925’ 26”N, 72°14° 17"W

32 Cundinamarca  Puerto Salgar 5°27°55"N, 74°39°11"W

33 Meta S. J. de Arama 3°20°47"N, 73°53°21"W

34-36 Tolima Ibagué 04°24°6"N, 75°4°21”W; 04°23°50”N, 75°8°12”W;
04°49°30”N, 75°28°83"W

37,38 Tolima Saldafia 3°55°36”N, 74°58°33”W; 3°93°47"N, 75°02°W

39 V. del Cauca Cali 3°2421"N, 76°32°47"W

40 V. del Cauca Restrepo 3°51°12"N, 76°30°43”W

3.2. Analises morfologicas

As andlises morfologicas para identificacdo do taxon foram realizadas no Laboratorio

de Microscopia Eletrénica, do Departamento de Biologia, do Instituto de Biociéncias da

UNESP de Rio Claro (SP, Brasil), fazendo uso das técnicas de microscopia eletrénica de

varredura (MEV) em MEV Hitachi TM3000 e de estereomicroscopia em estereomicroscépio

Leica M205C. A confirmacdo do taxon dos espécimes foi realizada no Laboratorio de

Doencas Parasitarias do Departamento de Medicina Veterinaria Preventiva e Satide Animal
—VPS, da Faculdade de Medicina Veterinaria e Zootecnia da USP de S&o Paulo (SP).

Os carrapatos foram separados primeiramente de acordo com o estagio de

desenvolvimento, sendo que os adultos foram identificados ao nivel de espécie sob lupa

estereoscopica, fazendo uso de chaves dicotbmicas de Aragdo e Fonseca (1961), Jones et al.
(1972), Estrada Pefia et al. (2005), Barros-Battesti et al. (2006), Martins et al. (2010) e Nava
et al. (2014) (Tabela 2).
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Para a realizacdo da MEV, pelo menos um macho e uma fémea de cada espécie e

localidade foram submetidos a banhos de 5 minutos cada, em série crescente de acetona
(50%, 75%, 90%, 95% e 100%), repetindo-se duas vezes a passagem na ultima concentracao.
Apds a dessecacdo em Critical Point Drying, os exemplares foram colados com fita adesiva
dupla face em suportes de aluminio, foram metalizados com ouro em “Sputtering”,

examinados e fotografados em microscépio eletrénico de varredura.

Tabela 2. Carrapatos coletados de diferentes hospedeiros durante 2014-2016 nas
diferentes localidades da Colémbia.

Espécie de carrapato Hospedeiro Localidade*

Amblyomma dissimile Bos taurus 35

A. dissimile vegetation 29

Amblyomma maculatum Canis lupus familiaris | 25,35,37

Amblyomma mixtum Bos taurus 14,17,24,27,33

A. mixtum Equus asinus 31

A. mixtum Equus caballus 15-18,26,27,29,31

A. mixtum vegetation 28,29

Amblyomma ovale C. lupus familiaris 35,37

Amblyomma varium C. lupus familiaris 35

Dermacentor nitens B. taurus 8,18

D. nitens E. asinus 22,31,35

D. nitens E. caballus 2,13,15-18,22,26, 29-31,35
D. nitens Sus scrofa 18

Rhipicephalus microplus B. taurus 1,3-9,11,14,19-21,33-36,40
R. microplus C. lupus familiaris 21

R. microplus E. asinus 22

Rhipicephalus sanguineus | B. taurus 1,35

R. sanguineus C. lupus familiaris 10,12,13,18,20,23,25,32,35-40
R. sanguineus E. caballus 18,29

* O numero da Localidade esta indicado na Tabela 1.
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3.3. Analise Molecular
3.3.1. Extracdo do DNA para as andlises de carrapatos e Rickettsias

Apos a identificacdo morfoldgica, machos e fémeas de cada espécie de carrapato e de
cada localidade, foram processados individualmente para as analises moleculares com o
objetivo de se determinar a espécie de carrapato e identificar a possivel presenca e qual
espécie de Rickettsia spp (Tabela 3). A extracdo do DNA foi feita com o kit DNeasy Blood
and Tissue (Qiagen), segundo protocolo sugerido pelo fabricante. A quantidade e qualidade
do DNA foram determinadas mediante espectrofotometria, utilizando para isso o

espectrofotdbmetro Nanovue Plus.

3.3.2. Amplificagéo por PCR do DNA de carrapatos

O DNA extraido de cada carrapato foi submetido a reacdo em cadeia de polimerase
(PCR), amplificando um fragmento do segundo espaco transcrito interno (ITS2) do DNA
ribossdmico nuclear, presente em todas as espécies de carrapatos. Para a PCR, foi utilizado
um par de “primers” ITS2 (F) 5’-CCATCGATGTGAAYTGCAGGACA-3’ (ZAHLER et
al., 1995) e MCLN (R) 5’-GTGAATTCTATGCTTAAATTCAGGGGGT-3" (MCLAIN et
al., 1995), os quais correspondem a sequéncias da regido 5.8S e 28S, respectivamente,
portanto amplificando um fragmento de DNA contendo a sequéncia completa do ITS2 do
rDNA, possuindo em torno de 1100 pb em carrapatos do género Amblyomma, com algumas
pequenas variacOes intra e interespecificas (MARRELLI et al., 2007). Além disso, foram
amplificados 2 genes mitocondriais: um DNA barcoding, da regido 5’ do gene mitocondrial
Citocromo C oxidase | (COl), utilizando os primers standard para invertebrados LCO1490
(F) 5’-GGTCAACAAATCATAAAGATATTGG-3’ e HCO2198 (R) 5-
TAAACTTCAGGGTGACCAAAAAATCA-3’ (FOLMER et al., 1994) que amplificam um
fragmento aproximado de 700pb para carrapatos; assim como um fragmento aproximado de
460pb do Gene mtDNA 16S rDNA, utilizando os primers F 5-—
CTGCTCAATGATTTTTTAAATTGCTGTGG-3’ and R 5—
CCGGTCTGAACTCAGATCAAGT-3’ (NORRIS et al., 1996).

A reacédo de amplificagdo foi feita em microtubos de 200 puL e volume final de 50 pL
contendo 28.4 pL de agua ultrapura, 10 pL de buffer 5X, 3 pL de MgClz2 (25mM), 4 puL da
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mescla (10 mM) de dNTP’s, 0.6 uL de cada primer (25 uM), 2 unidades de GoTaq Flexi
DNA polimerase (Promega), 3 uL de DNA do carrapato (aproximadamente 300 ng do DNA).

A amplificagdo dos genes foi realizada em termociclador (Techne -TC-Plus),
considerando-se as seguintes condicdes: a) para 0 gene COl mtDNA: desnaturacdo a 94°C
por 5 min, seguido por 5 ciclos de 94°C por 5 min, 46°C por 1 min 30s e 72°C por 1 min e
30 s, seguido de 35 ciclos de 94°C por 1 min, 53°C por 1 min e 72°C por 1 min, concluindo
a reacdo com uma extensdo final a 72°C por 5 min; b) para o gene ITS2 foi feita com
desnaturacdo a 95°C por 5 min, seguido por 36 ciclos de 95°C por 45s, 57°C por 1 min, e
72°C por 1 min e 30 s, concluindo a reagdo com uma extensao final a 72°C por 5 min; c) para
0 gene 16S a desnaturacdo deu-se a 94°C por 2 min, seguido por 7 ciclos de 94°C por 30 s,
45°C por 30s e 72°C por 45 s, seguido de 28 ciclos de 94°C por 30 s, 48°C e 72°C por 45 s,

concluindo a reacdo com uma extensdo final a 72°C por 7 min.

3.3.3. Deteccéo e determinacdo de Rickettsia spp. em carrapatos

Para a detecgdo e identificagdo molecular da Rickettsia spp. foram utilizados 204

espécimes de carrapatos, pertencentes a 7 espécies da familia Ixodiade (Tabela 3).

Tabela 3. Espécies e nimero de espécimes de carrapatos duros analisados

Espécie de carrapato NUmero de Municipio
espécimene/Estagio
Amblyomma dissimile 1 Ninfa Yopal.
Amblyomma maculatum 19 Adultos Ibagué; Saldafia; Norcasia.
Amblyomma mixtum 51 Adultos/2 Ninfas ~ Arauca; Neira; Nunchia; Yopal; S. J. de Arama
Amblyomma ovale 10 Adultos Ibagué; Saldafa.
Dermacentor nitens 33 Adultos Leticia; Arauca; San Jacinto; Nunchia; Yopal;
Ibagué.
Rhipicephalus microplus 34 Adultos/2 Ninfas Leticia; Arauca; Fortul; Saravena; San Jacinto; S.
J. de Arama; Ibagué; Restrepo.
Rhipicephalus sanguineus s.I. 49 Adultos/3 Ninfas Leticia; Medellin; Arauca; Saravena; Dorada;
Yopal; Puerto Salgar; lbagué; Saldafia; Cali;
Restrepo.
Total: 204

Inicialmente foi amplificado o gene Citrato Sintetasa “g/t4” com os iniciadores CS-
78 e CS-323 (LABRUNA et al., 2004) utilizados para a deteccdo de todas as especies de
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Rickettsia com tamanho aproximado de 400pb. Sendo o carrapato positivo para “gitd”,
realizava-se entdo a PCR para o gene de proteinas maiores de superficie “ompA” com 0s
iniciadores Rr.190-70 e Rr.190-602 (REGNERY; SPRUILL; PLIKAYTIS, 1991; ROUX;
FOURNIER; RAOULT, 1996), especificos para o grupo da febre manchada (GFM),
possuindo um fragmento aproximado de 530pb. No entanto, para evitar a ocorréncia de falsos
negativos por inibigdo ou sensibilidade diferencial dos primers, a totalidade das mostras foi
amplificada para os dois genes, tanto o gene “gItA” ¢ “ompA”, utilizando dilui¢bes seriadas,
além de quantidades maiores do DNA (até 3 vezes mais). Quando a PCR para “ompA” foi
positiva, seu produto foi sequenciado para estabelecer a espécie de Rickettsia. Quando a PCR
para “ompA” foi negativa indicando que a bactéria ndo pertence ao grupo das febres
manchadas, entdo se sequenciou o produto do “glt4”, para determinar a espécie.

Faz-se necessario esclarecer que ndo se sequenciou primeiro os produtos do PCR para
0 gene “gltA” antes de o fazer para “ompA”, porque as sequéncias de “gItA” entre as espécies
do grupo das febres manchadas (ex. R. rickettsii, R. parkeri, R. conorii) sdo praticamente
idénticas entre si 0 que ndo seria de utilidade para determinar a espécie dentro do grupo de
rickettsias das febres manchadas. O gene “gItA” é altamente polimorfico entre as espécies
que nao pertencem ao grupo das febres manchadas, por isso seu sequenciamento funciona
muito bem para determinar e separar estas espécies (OTEO e PORTILLO, 2012; PAROLA
et al., 2013). No entanto, no presente trabalho, com o intuito de trazer a luz conhecimento
mais detalhado das espécies de rickettsias presentes na Colémbia, a totalidade de produtos
de PCR positivas foi sequenciado. Em cada grupo de reacdes, se utilizou controle negativo

(&4gua) e positivo (DNA de Rickettsia parkeri strain NOD).

A reacdo de amplificacdo deu-se em microtubos de 200 uL e volume final de 50 uL
contendo 26.8 uL de agua ultrapura, 10 pL de buffer 5X, 3 uL de MgClz (25mM), 4 uL da
mescla (10 mM) de dNTP’s, 0.4 uL de cada primer (25 uM), 2 unidades de GoTaq Flexi
DNA polimerase (Promega), 5 uL de DNA do carrapato (aproximadamente 500 ng do DNA).
A amplificagdo dos genes gltA e ompA foi realizada em termociclador (Techne -TC-Plus),
considerando-se as seguintes condigdes: a) para o gene gltA a desnaturacdo ocorreu a 95°C
por 3 min, seguido por 40 ciclos de 95°C por 15s, 50°C por 30 s, e 72°C por 30 s, concluindo

a reacdo com uma extenséo final a 72°C por 7 min; b) gene ompA a desnaturag¢do ocorreu a
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95°C por 5 min, seguido por 35 ciclos de 95°C por 40s, 50°C por 30 s, e 72°C por 45s,

concluindo a reagdo com uma extensao final a 72°C por 10 min.

3.3.4. Eletroforeses e visualizagdo dos produtos do PCR

Todos os produtos da PCR foram submetidos a eletroforese horizontal em gel de
agarose 1% com tampdo de corrida TBE 1X pH 8.0 a 110v/50mA. O gel foi posteriormente
corado com SYBR Safe® dye e visualizado e fotodocumentado em GelDoc-1t®2 310 Imager
(UVP). Os produtos da PCR foram purificados utilizando-se o kit Wizard® SV Gel e PCR
Clean-Up System (Promega), segundo as instrucdes do fabricante. Para se obter as
sequéncias de DNA dos carrapatos o material genético foi enviado a Macrogen Advancing
Through Genomics — Coréia do Sul e para as sequéncias de DNA das rickettsias as amostras
foram enviadas ao Laboratorio Secuenciacion de ADN da Universidad de los Andes — Bogota

D.C., Colébmbia. As sequéncias obtidas foram depositadas no GenBank.

3.3.5. Analises das sequéncias de DNA de carrapatos e rickettsias

Os fragmentos das sequéncias do DNA foram testados e editados utilizando-se 0s
programas Geneious Trial v8.14 (DRUMMOND et al., 2009) e Sequencher 4.1 (Gene Codes
Corporation, Ann Arbor, Michigan, USA). Em seguida, as sequéncias foram submetidas ao
MegaBlast contra as bases de dados e depositadas no GenBank e Barcode of Life Data
Systems (BOLD). As sequéncias de cada gene foram alinhadas usando ClustalW
(THOMPSON et al., 1997), incluido no programa MEGA versdo 7 (TAMURA et al., 2013).

As Divergéncias nucleotidicas intraespecificas foram estimadas com o programa
MEGA, utilizando o modelo de distancia Kimura de parametros (K2P; KIMURA, 1980). A
confirmacdo das espécies realizou-se mediante a estimativa de similaridade, utilizando o
programa MEGA através dos métodos de distancia genética Neighbor-Joining (NJ) e
Maximum Likelihood (ML), com o modelo K2P e 1000 réplicas de bootstrap. Nas analises
foram inclusos exemplares do Brasil (A. cajennense s.s. - Rondonia), A. sculptum (Sao
Paulo), R. sanguineus s.l. (Minas Gerais e S&o Paulo), A. triste e A. aureolatum (Sao Paulo).
As sequéncias do gene (gltA) e (ompA) foram submetidas a “Basic Local Alignment Search

Tool (BLAST; Altschul et al., 1990)” para determinar “closest similarities” com outras
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especies de Rickettsia. Na elaboracdo dos mapas de distribuicdo das espécies utilizou-se o
sistema Geographic Coordinate System (WGS 1984, Datum: DWGS 1984) e o ESRI®
ArcMap.

3.4. Técnicas Morfohistoldgicas

Inicialmente foram utilizados os carateres morfolégicos do sistema reprodutor
masculino de carrapatos descritos por Sampieri et al. (2014, 2016a, 2016b), em espécies de
ocorréncia no territério brasileiro, sendo trés representativas do género Amblyomma, A.
aureolatum, A. triste e A. sculptum, e duas como grupo externo, sendo R. sanguineus s.I.
(linhagem tropical) e Ornithodoros rostratus. Somado a isso, foram estudadas, através da
aplicacdo de técnicas histoldgicas no sistema reprodutor masculino, as espécies A. ovale e A.

maculatum, coletadas na Colémbia.

Desta forma, os carateres elegiveis com variacdes relevantes basearam-se na
observacdo da morfologia e ultra morfologia do sistema reprodutor masculino destas espécies
e codificados conforme o estado do carater, como: apomorfico = 1 e plesiomdrfico = 0.
Posteriormente, foi elaborada uma matriz de caracteres contendo os taxons, 0s caracteres e 0

codigo de estado de cada caractere e espécie (0 0 1).

3.5. Histologia Sistema Reprodutor Masculino

Para a realizacdo da histologia do sistema reprodutor masculino, os carrapatos machos
foram dissecados em placas de Petri contendo solucéo fisiol6gica tamponada com PBS (NaCl
7.5 g/L, Na2HPO4 2.38 g/L. e KH2PO4 2.72 g/L) sob estereomicroscdpio, quando tiveram
seu sistema reprodutor removido. As amostras coletadas foram fixadas em glutaraldeido
2.5% durante 48 horas. Apds a fixagdo as amostras foram desidratadas em quatro banhos de
15 minutos cada, em série crescente de etanol a 70%, 80%, 90%, 95%. Logo apds, foram
embebidas e incluidas em historesina Leica no interior de moldes plasticos. Os blocos
polimerizados foram colados em suportes de madeira e seccionados com 3 pm em micrétomo
Leica, cujas seccOes foram posteriormente recolhidas em laminas de vidro e coradas pela
hematoxilina e eosina (HE) (JUNQUEIRA; JUNQUEIRA, 1983).
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4. Resultados

Os resultados obtidos no presente trabalho estdo aqui apresentados sob a forma de
cinco capitulos (artigos cientificos nos status de publicado, aceito para publicacdo, submetido
ou em preparacdo para ser submetido em periodicos cientificos internacionais especializados

na area objeto do estudo).

CAPITULO 1

Status: Submetido

RIVERA-PAEZ, F. A., Labruna, M. B., Martins, T. F., Pérez, J. E., Castafio-Villa, G.
J., Ossa-Lopez, P. A, Gil, C. A, O., Sampieri, B. R., Aricapa-Giraldo, H. J., Camargo-
Mathias, M. I. Contributions to the knowledge of hard-bodied ticks (Acari: Ixodidae)

associated to domestic hosts in various regions of Colombia.

Peridédico: Ticks and Tick-borne Diseases.

CAPITULO 2

Status: Publicado

RIVERA-PAEZ, F. A., Labruna, M. B., Martins, T. F., Sampieri, B. R., Camargo-
Mathias, M. I. Amblyomma mixtum Koch, 1844 (Acari: Ixodidae): First record confirmation

in Colombia using morphological and molecular analyses.

Periodico: Ticks and Tick-borne Diseases 7, 842848, 2016.
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CAPITULO 3

Status: Aceito para publicacdo

RIVERA-PAEZ, F.A., Labruna, M.B., Martins, T.F., Sampieri, B.R., Camargo-
Mathias, M.I. A case of gynandromorphism in Amblyomma mixtum (Acari, Ixodidae).
Periddico: Revista Colombiana de Entomologia, ISSN 0120-0488, 2017.

CAPITULO 4

Status: Publicado

RIVERA-PAEZ, F.A,, Sampieri, B.R., Labruna, M.B., Martins, T.F., Matos, R.S.,,
Camargo-Mathias, M.l. Comparative analysis of germ cells and DNA of the genus
Amblyomma: adding new data on Amblyomma maculatum and Amblyomma ovale species
(Acari: Ixodidae).

Periddico: Parasitology Research DOI: 10.1007/s00436-017-5592-x.

CAPITULO 5

Status: Em fase de preparacdo para ser submetido em periddico cientifico

RIVERA-PAEZ, F. A, Labruna, M. B., Martins, T. F., Ossa-L6pez, P. A., Sampieri, B.
R., Camargo-Mathias, M. I. Rickettsial infection in ticks (Acari: Ixodidae) of domestic

animals in Colombia.
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4.1. CAPITULO 1

Contributions to the knowledge of hard-bodied ticks (Acari: Ixodidae)

associated to domestic hosts in various regions of Colombia.
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Abstract

Hard ticks are represented by 724 species world widely. There have been 120 species
documented in the Neotropics, however, in Colombia, the registry and distribution of species
of the family Ixodidae have been scarce, making it necessary to carry out studies that build
on the current knowledge and state of the family. During August of 2014 and May of 2016,
1,745 ticks were collected directly from domestic hosts, in 17 municipalities from 10
Departments of Colombia. Morphological and molecular determinations allowed us to

register eight species of hard-bodies ticks. The presence of Amblyomma mixtum, was
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confirmed in the Meta and Caldas Departments, indicating that the distribution of A. mixtum
in Colombia is much broader than currently known. Morphological analyses of
Rhipicephalus sanguineus sensu lato showed marked differences between individuals from
Casanare compared to other populations of the Colombian territory. Nonetheless, molecular
assessments confirmed that all of the samples belonged to the Northern Tropical lineage.
Dermacentor nitens, note some polymorphism in their 16S rRNA or COI sequences, which
in both cases resulted in a clade that separated the sequences of Leticia (Amazonas
Department) from the other Departments. Amblyoma maculatum from Colombia mixed
within a clade composed by A. maculatum from the United States and Colombia, and
Amblyomma triste from Brazil and Argentina. Phylogenetic analyses of specimens from
poorly explored sites such as Colombia are crucial for our growing knowledge of tick
systematics in the Neotropical region, where ticks associated with domestic animals are

vectors of a number of pathogens to either animals or humans.

Keywords: Amblyomma mixtum, Neotropics, Pathogens, Rhipicephalus sanguineus, vectors.

Introduction

The World’s tick fauna is currently composed by 937 species allocated into three
families: Ixodidae (724 species), Argasidae (212 species) and Nuttalliellidae (1 species).
From these, 220 species (23.5%) are known to occur in the Neotropical region (Barros-
Battesti et al., 2006; Labruna et al., 2016; Apanaskevich and Bermudez, 2017; Mufioz-Leal
etal., 2017; Chitimia-Dobler et al., 2017; Nava et al., 2017). Broad-scale studies about ticks
occurring in Colombia have been scarce, with emphasis for the studies of Osorno-Mesa
(1940) and Lopez and Parra (1985). According to the last review of Neotropical ticks
(Guglielmone et al., 2003), the following tick species are known to occur in Colombia:
Argasidae (15 species) — Antricola mexicanus Hoffmann, 1958, Argas magnus Neumann,
1896, Argas miniatus Koch, 1844, Ornithodoros azteci Matheson, 1935, Ornithodoros
brodyi Matheson, 1935, Ornithodoros furcosus Neumann, 1908, Ornithodoros hasei
(Schulzei, 1935), Ornithodoros marinkellei Kohls, Clifford and Jones, 1969, Ornithodoros
marmosae Jones and Clifford, 1972, Ornithodoros peropteryx Kohls, Clifford and Jones

1969, Ornithodoros peruvianus Fox, 1947, Ornithodoros rossi Kohls, Sonenshine and
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Clifford, 1965, Ornithodoros rudis Karsch, 1880, Ornithodoros talaje (Guérin-Méneville,
1849), and Ornithodoros yumatensis Cooley and Kohls, 1941; Ixodidae (38 species):
Amblyomma auricularium (Conil, 1878), Amblyomma cajennense (Fabricius, 1787),
Amblyomma calcaratum Neumann, 1899, Amblyomma coelebs Neumann, 1899,
Amblyomma crassum Robinson, 1926, Amblyomma dissimile Koch, 1844, Amblyomma geayi
Neumann, 1899, Amblyomma humerale Koch, 1844, Amblyomma longirostre (Koch, 1844),
Amblyomma maculatum Koch, 1844, Amblyomma multipunctum Neumann, 1899,
Amblyomma naponense (Packard, 1869), Amblyomma neumanni Ribaga, 1902, Amblyomma
nodosum Neumann, 1899, Amblyomma oblongoguttatum Koch, 1844, Amblyomma ovale
Koch, 1844, Amblyomma pacae Aragdo, 1911, Amblyomma rotundatum Koch, 184,
Amblyomma sabanerae Stoll, 1894, Amblyomma scalpturatum Neumann, 1906, Amblyomma
tapirellum Dunn, 1933, Amblyomma triste Koch, 1844, Amblyomma varium Koch, 1844,
Haemaphysalis juxtakochi Cooley, 1946, Haemaphysalis leporispalustris (Packard, 1869),
Ixodes boliviensis Neumann, 1904, Ixodes brunneus Kock, 1844, Ixodes fuscipes Kock,
1844, Ixodes lasallei Méndez Arocha and Ortiz, 1958, Ixodes luciae, Sénevet, 1940, Ixodes
montoyanus Cooley, 1944, Ixodes pararicinus Keirans and Clifford, 1985, Ixodes tapirus
Kohls, 1956, Ixodes tropicalis Kohls, 1956, Ixodes venezuelensis Kohls, 1953, Dermacentor
nitens Neumann, 1897, Rhipicephalus microplus (Canestrini, 1887), and Rhipicephalus
sanguineus (Latreille, 1806). Besides these reports, there was a report of Ixodes affinis in
Colombia by Mattar and LOpez-Valencia (1998). More recently, Nava et al. (2014)
reevaluated the taxonomic status of A. cajennense and concluded that this taxon was actually
represented by six valid species from which A. cajennense sensu stricto was excluded from
Colombia, and only Amblyomma patinoi Labruna, Nava and Beati, 2014, and Amblyomma
mixtum Koch, 1844 were confirmed for Colombia (Nava et al., 2014; Rivera-Paez et al.,
2016). Finally, Apanaskevich and Bermudez (2017) reported Ixodes bocatorensis
Apanaskevich and Bermudez, 2017 for Colombia. Considering the above reports, the tick
fauna of Colombia is currently composed by 56 species, 15 Argasidae and 41 ixodidae. The
present study evaluated ixodid ticks infesting domestic animals and collected from

vegetation, in order to expand our current knowledge of the tick fauna of Colombia.
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Materials and Methods

From August 2014 to May 2016, hard ticks (Ixodidae) were collected directly from
domestic animals in 10 Colombian departments, encompassing 17 municipalities (Table 1,
Fig. 1). Collected ticks were placed into plastic vials containing absolute ethanol and taken
to the laboratory, where they were taxonomically identified based on current literature
(Kohls, 1956; Jones et al., 1972; Estrada Pefia et al., 2005; Barros-Battesti et al., 2006;
Martins et al., 2010; Nava et al., 2014, 2015).

In order to confirm morphological identifications, some specimens of each tick
species were submitted to molecular taxonomic identification. For this purpose, ticks were
individually submitted to DNA extraction by using the DNeasy Blood and Tissue kit (Qiagen,
Chatsworth, California) following the manufacturer’s protocol. The extracted DNA was
tested by polymerase chain reaction (PCR) protocols to amplify fragments of at least one of
the three following genes of the tick genome: primers 5’-GGT CAA CAA ATC ATA AAG
ATA TTG G-3’ and 5’-TAA ACT TCA GGG TGA CCA AAA AAT CA-3’, targeting a
~700-bp fragment of the mitochondrial cytochrome ¢ oxidase subunit I gene (COI) (Folmer
et al., 1994); primers 5°~ CTG CTC AAT GAT TTT TTA AAT TGC TGT GG-3’ and 5’—
CCG GTC TGA ACT CAG ATC AAG T-3, targeting a ~460-bp fragment of the
mitochondrial 16S rDNA gene (Norris et al., 1996); and primers 5’-CCA TCG ATG TGA
AYT GCA GGA CA-3’ (Zahler et al., 1995) and 5°-GTG AAT TCT ATG CTT AAATTC
AGG GGG T-3°, which amplifies a =1,100-bp fragment that includes the entire second
internal transcribed spacer (ITS2) region of the nuclear rRNA region (Mclainet al., 1995). In
addition, specimens of the following species collected in Brazil were processed by the above
PCR protocols in order to obtain DNA sequences for inclusion in the phylogenetic analyses:
A. cajennense s.s. from Governador Jorge Teixeira, Rondonia state, A. sculptum from
Pirassununga, Sdo Paulo state, Amblyomma triste from Paulicéia, Sdo Paulo state, R.
sanguineus s.l. from Chapada Gaucha, Minas Gerais state, and R. sanguineus s.l. from Séo
Paulo City, S&o Paulo state.

PCR products were purified with the QIAquick PCR purification kit (Qiagen), and
sent to Macrogen Inc. (South Korea) for DNA sequencing. The sequenced fragments were
evaluated and edited using Geneious Trial v8.14 (Drummond et al., 2009) and Sequencher

4.1 (Gene Codes Corporation, Ann Arbor, Michigan). In addition, the sequences were
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searched by MegaBlast against the public databases and deposited in GenBank and Barcode
of Life Data Systems (BOLD). The sequences for each gene were aligned using ClustalwW
(Thompson et al., 1997), included in the program MEGA version 7 (Tamura et al., 2013).
Intraspecific nucleotide divergences were estimated with the program MEGA, using the
Kimura 2-Parameter distance model (K2P; Kimura, 1980). Species confirmation was carried
out through a similarity analysis based on Maximum Likelihood (ML), with the K2P model
and 1,000 bootstrap replications, using the program MEGA. Each alignment included

different sequences from GenBank, as stated by their accession numbers in the trees.
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Fig.1. Geopolitical map of Colombia showing the localities where ticks (Acari: Ixodidae)
were collected during the present study.
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Table 1. Localities in Colombia where ticks were collected in the present study.

Locality number* Municipality Department
1 Leticia Amazonas
2 Medellin Antioguia
3 Arauca Arauca
4 Fortul Arauca
5 Saravena Arauca
6 San Jacinto Bolivar
7 Dorada Caldas
8 Neira Caldas
9 Norcasia Caldas
10 Nunchia Casanare
11 Yopal Casanare
12 Puerto Salgar Cundinamarca
13 San Juan de Arama Meta
14 Ibagué Tolima
15 Saldafia Tolima
16 Cali Valle del Cauca
17 Restrepo Valle del Cauca

*localities indicated in Fig. 1.

Results

A total of 1,745 tick specimens (1,543 adults, 111 nymphs, 91 larvae) were collected
from 85 individual hosts from Colombia, being 28 cattle (Bos taurus), 26 domestic dogs
(Canis lupus familiaris), 25 horses (Equus caballus), 5 donkeys (Equus asinus), and 1
domestic pig (Sus scrofa), plus 3 tick samples collected from vegetation (Table S1). Ticks
were morphologically identified into 8 different species: A. dissimile, A. maculatum (Fig. 2),
A. mixtum, A. ovale, A. varium, D. nitens, R. microplus, and R. sanguineus sensu lato (s.l.).
Hosts and the corresponding localities of each tick species are found in Table 2. Overall, 5
tick species were recorded on cattle (A. dissimile, A. mixtum, D. nitens, R. microplus, R.
sanguineus s.l.), 5 on dogs (A. maculatum, A. ovale, A. varium, R. microplus, R. sanguineus
s.l.), 3 on horses (A. mixtum, D. nitens, R. sanguineus s.l.), 3 on donkeys (A. mixtum, D.
nitens, R. microplus), and 1 on pig (D. nitens).

Fragments of the tick 16S rRNA and/or COI and/or ITS2 genes were generated for
tick specimens of all collected tick species, except for A. varium. DNA sequences of these
specimens corroborated morphological identifications, as shown by the BLAST analysis
search results (Table 3). Phylogenetically analyses inferred by 16S rRNA and COI partial

sequences placed the sequences of A. maculatum from Colombia mixed within a clade
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Fig. 2. A female specimen of Amblyomma maculatum from Ibagué-Tolima. (A) Dorsal view.
(B) Ventral view. (C) Tarsus 111 showing two spurs.

Table 2. Ticks at different developmental stages (A: adults; N: nymphs; L: larvae) collected

from different host species during 2014-2016 at different localities of Colombia.

Tick species Stage  Host Localities*
Amblyomma dissimile A Bos taurus 14

A. dissimile N, L vegetation 11
Amblyomma maculatum A Canis lupus familiaris 9,14,15
Amblyomma mixtum A, N Bos taurus 3,8,10,13

A. mixtum A Equus asinus 11

A. mixtum AN Equus caballus 3,10,11

A. mixtum AN,L  vegetation 10,11
Amblyomma ovale A C. lupus familiaris 14,15
Amblyomma varium A C. lupus familiaris 14
Dermacentor nitens AN B. taurus 1,3

D. nitens AN E. asinus 6,11,14

D. nitens AN,L E. caballus 1,3,6,10,11,14
D. nitens A Sus scrofa 3
Rhipicephalus microplus AN,L B.taurus 1,3-5,13,14,17
R. microplus A C. lupus familiaris 5

R. microplus A E. asinus 6
Rhipicephalus sanguineus A B. taurus 1,14

R. sanguineus AN C. lupus familiaris 1-3,5,7,9,11,12,14-16,17
R. sanguineus A E. caballus 3,11

*Locality numbers indicated in Table 1 and Fig. 1.
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Table 3. Results of BLAST analysis searches in public data of the DNA sequences generated
from ticks collected in the present study.

Tick species (localities*)

Closest identity (%) in GenBank (accession number) according to the tick gene

COl 16S rRNA ITS2
Amblyomma dissimile (11) A. dissimile [KF200114] N.A. N.D.
99%
Amblyomma maculatum (14) A. maculatum [KU302492] A. maculatum [KT037651] N.D.
99% 99%
Amblyomma maculatum (15) A. triste [KU306582] A. triste [KU284955] N.D.
99% 99%
Amblyomma maculatum (9) N.D. A. maculatum [KT037651] N.D.
100%
Amblyomma mixtum (3) N.D. A. mixtum [KT820359] N.D.
97%
Amblyomma mixtum (3,8,10,13) N.D. A. mixtum [KT820359] A. cajennense [JN866853]
98% 100%
Amblyomma mixtum (8) A. mixtum [KY595138] N.D. N.D.
99%
Amblyomma mixtum (11) A. mixtum [KY595138] N.D. N.D.
99%
Amblyomma mixtum (13) A. mixtum [KY595138] N.D. N.D.
99%
Amblyomma mixtum (10) A. mixtum [KY595139] N.D. N.D.
100%
Amblyomma mixtum (11) A. mixtum [KY595136] N.D. N.D.
99%
Amblyomma ovale (14,15) A. ovale [KF200080] A. ovale [KU894383] N.D.
99% 99%
Dermacentor nitens (1) D. nitens [KT906190] D. nitens [KY020994] N.D.
96% 96%
Dermacentor nitens (3,6,10,11) D. nitens [KT906188] D. nitens [KY020994] N.D.
100% 99%
Dermacentor nitens (6) D. nitens [KY441487] N.D. N.D.
99%
Rhipicephalus microplus (3- R. microplus [KT906181] N.D. N.D.
5,13,14,17) 100%
Rhipicephalus microplus (5) R. microplus [KT906181] N.D. N.D.
99%
Rhipicephalus microplus (1) R. microplus [KY678120] R. microplus [EU918176] N.D.
100% 99%
Rhipicephalus microplus (1- N.D. R. microplus [EU918176] N.D.
5,13,14,17) 100%
Rhipicephalus sanguineus (1- N.D. R. sanguineus [KY413787] N.D.
3,7,11,12,14-17) 100%
Rhipicephalus sanguineus (5) N.D. R. sanguineus [KY413787] N.D.
99%
Rhipicephalus sanguineus N.D. N.D. R. sanguineus [KY945496]
(1,14,16) 99%
Rhipicephalus sanguineus (3,15) N.D. N.D. R. sanguineus [JQ625707]
99%
Rhipicephalus sanguineus (11) N.D. N.D. R. sanguineus [KF499537]
99%
Rhipicephalus sanguineus (7) N.D. N.D. R. sanguineus [AF271283]
99%
Rhipicephalus sanguineus (14) N.D. N.D. R. sanguineus [KF499537]
99%
Rhipicephalus sanguineus (2) N.D. N.D. R. sanguineus [KF499537]
99%
Rhipicephalus sanguineus N.D. N.D. R. sanguineus [KF499537]
(3,7,11,14) 99%
Rhipicephalus sanguineus (11) N.D. N.D. R. turanicus [KF958425]
99%
Rhipicephalus sanguineus (1) N.D. N.D. R. turanicus [KF499532]
99%
Rhipicephalus sanguineus (11) N.D. N.D. R. turanicus [KF958425]
99%

*Locality numbers indicated in Table 1 and Fig. 1.

N.D.: not done

N.A.: sequences not available in GenBank
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composed by sequences of A. maculatum from the United States and Colombia, and
Amblyomma triste from Brazil and Argentina (Figs. 3, 4); sequences of A. ovale grouped with
corresponding sequences of A. ovale from Brazil and Paraguay (Fig. 3), or Panama (Fig. 4);
sequences of D. nitens grouped with D. nitens from the United States and Brazil (Fig. 3), or
Colombia and Panama (Fig. 4); a sequence of A. dissimile grouped with A. dissimile from
Brazil (Fig 4); sequences of A. mixtum grouped with A. mixtum from Honduras (Fig. 3) or
Colombia, Ecuador and Panama (Fig. 4). These results for A. mixtum were corroborated by
the ITS2 phylogenetic analysis, in which our sequences of A. mixtum grouped with A. mixtum
sequences from Colombia, Costa Rica, Mexico and the United States (Fig. 5).

All 16S rRNA sequences of Colombian R. sanguineus s.l. generated in the present
study grouped with R. sanguineus s.l. from Brazil, Colombia, Thailand, and South Africa
(Fig. 6). In the phylogenetic analysis inferred by the ITS2 gene of R. sanguineus s.I. ticks,
the Colombian specimens grouped in a large clade composed by sequences from tropical
countries such as Costa Rica, Honduras, Brazil, Colombia and Thailand, but also by
sequences from Australia, Egypt, and India (Fig. 7). Regarding our specimens of R.
microplus, their 16S rRNA sequences grouped in a clade with R. microplus from Argentina
(Fig. 6), while their COI sequences grouped with sequences of R. microplus from Brazil and
Colombia (Fig. 4).

GenBank nucleotide sequence accession numbers for the DNA sequences obtained in
the current study are: MF351562-MF351603, MF353094-MF353129 for the mitochondrial
rRNA 16S gene; MF363053-MF363093 for the mitochondrial COIl gene, and MF353130-
MF353154 for nuclear 1TS2 gene. Voucher tick specimens were deposited at the tick
collection “Cole¢do Nacional de Carrapatos Danilo Gongalves Saraiva” (University of Sao

Paulo, S&o Paulo, Brazil).

Discussion

All tick species collected in the present study have been previously reported in
Colombia, as stated by Guglielmone et al. (2003) and Rivera-Péez et al. (2016). Similarly,
the tick-host records of our study have been previously reported in the literature (Lopez and
Parra 1985; Need et al., 1991; Rivera-Paez et al., 2016; Nava et al., 2017); the only exception

is A. varium on dog, which is the first confirmed record.
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From 7 A. maculatum specimens from Colombia, we generated 3 distinct haplotypes
for the 16S rRNA gene, and 2 for COIl. In each of the trees inferred from these two genes,
the Colombian specimens formed a large clade with GenBank sequences of A. maculatum
and A. triste. Noteworthy, while some Colombian specimens grouped with A. maculatum
from the United States, other Colombian specimens grouped with A. triste from Brazil, for
both genes. At first sight, these results could indicate that some Colombian specimens could
represent the taxon A. triste; however, we retained these specimens as A. maculatum because
their morphology was compatible with A. maculatum (two spurs on tarsi I1-1V) (Fig. 2) rather
than A. triste (one spur on tarsi 11-1V), as stated in the literature (Kohls, 1956; Estrada Pefia
et al., 2005). Indeed, further studies are required to elucidate the taxonomic status of A.
maculatum and A. triste, since the taxonomic separation of these two species is yet to be
resolved, with the possibility that they might be conspecific (Nava et al., 2017).

From up to 9 A. mixtum specimens from Colombia, we generated 2 distinct haplotypes
for the 16S rRNA gene, 5 for COI, and 1 for ITS2. In each of the trees inferred from these
three genes, the Colombian specimens grouped with GenBank sequences of A. mixtum, well
separated from all other members of the A. cajennense species complex. These results
corroborate a recent study that confirmed the presence of A. mixtum in Colombia (Rivera-
Péaez et al., 2016). However, whereas this previous report consisted of specimens from the
Departments of Arauca and Casanare (northeastern Colombia), the present records confirm
the presence of A. mixtum in these two Departments and expand it to two other Departments,
Caldas and Meta (central Colombia). These results indicate that the distribution of A. mixtum
in Colombia is much broader than currently known.

From up to 30 R. sanguineus s.l. specimens from Colombia, we generated 2 distinct
haplotypes for the 16S rRNA gene, and 10 for ITS2. In the tree inferred from the 16S rRNA
gene, all Colombian specimens grouped with R. sanguineus specimens from Brazil and
Colombia, which represent the so called “tropical species”, as reported elsewhere (Burlini et
al., 2010; Moraes-Filho et al., 2011, Dantas-Torres et al., 2013). These 30 R. sanguineus s.1.
specimens were collected in 8 Departments of Colombia (Amazonas, Antioquia, Arauca,
Caldas, Casanare, Cundinamarca, Tolima, Valle del Cauca), whereas the previous reports
represented specimens from the Departments of Cordoba (Moraes-Filho et al., 2011),

Antioquia, and Valle del Cauca (Dantas-Torres et al., 2013). These results indicate that the
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taxon R. sanguineus s.l. is possibly represented in Colombia solely by the “tropical species”,
which seems to be widespread in the country. In contrast to the 16S rRNA gene, the tree
inferred from the ITS-2 gene did not segregate the Colombian specimens from specimens
from other parts of the world. This inconclusive analysis is supported by the study of Latrofa
et al. (2013), who demonstrated that the ITS-2 gene is not reliable for identification of ticks
within the Rhipicephalus genus, especially among specimens of R. sanguineus s.1.

From up to 11 R. microplus specimens from Colombia, we generated 2 distinct
haplotypes for the 16S rRNA gene, and 3 for COIl. In the trees inferred from these two genes,
the Colombian specimens formed a clade with sequences from Argentina and Brazil, which
correspond to bona fide records of R. microplus according to the studies of Labruna et al.
(2009) and Estrada-Pefia et al. (2012), who re-evaluated the taxonomic status of R. microplus.
Regarding the trees that included D. nitens sequences, it was interesting to note some
polymorphism in their 16S rRNA or COI sequences, which in both cases resulted in a clade
that separated the sequences of Leticia (Amazonas Department) from the other Colombian
Departments (Arauca, Bolivar, Casanare, Tolima), although we could not detect significant
morphological differences between these specimens (data not shown).

This study provides new records for 8 tick species parasitizing domestic animals in
Colombia, with emphasis for species with greater veterinary or/and medical importance in
the Neotropical region, such as R. microplus, R. sanguineus, D. nitens, A. mixtum, and A.
maculatum (Guglielmone et al., 2003; Nava et al., 2014, 2017). Most of these species have
gone through extensive taxonomic changes or contestations during this decade (Estrada-Pefia
et al.,, 2012; Nava et al., 2014, 2015, 2017). For this reason, phylogenetic analyses of
specimens from poorly explored sites such as Colombia are crucial for our growing
knowledge of tick systematics in the Neotropical region, where ticks associated with
domestic animals are vectors of a number of pathogens to either animals or humans (Nava et
al., 2017).
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Ambilyomma maculatum Colombia-Saldafia (37-3)

66| A. macwlatum Colombia-Saldaria (37-4)

A. maculatum Colombia-Saldafia (37-2)

89 |L A. maculatum Colombia-Norcasia (25-101)
Amblyvomma triste [KIU284946] Brazil

B |4 triste [KU284950] Argentina

A. triste [KII284956] Argentina

A, triste Brazil-5ao Paulo (F4)

A triste [KIU284993] Brazil

A maculatum [KU284937] LUSA

. maculatum Colombia-lbague (35-5H)

. maculatum Colombia-lbague (35-F11)

. maculatum Colombia-lbague (35-2312)

- maculatum [KLU284938] Colombia

. maculatum [KU284938] USA

. maculatum Colombia-Norcasia (25-1H)

Amblyomma dissimife Colombia-Yopal (29-36Y1)
L] Amblyomma ovale Colombia-lbague (35-8)
37 A. ovale Colombia-Ibague {35-6)

i 100 | [A. ovale Colombia-lbague (35-F12)
51 |- A. ovale Colombia-Saldafia (37-T)
=14 ovale [KX137887] Brazil

5?3 A. ovale [KF179347] Paraguay

—— Amblyomma cajennense s.5. Brazil-Rondonia

Amblyomma sculptum Brazil-5ao Paulo (F1)

Amblyvomma mixtum [KP835781] Honduras

— A, mixtum Colombia-Arauca (17-Col.2)

. mixtum Colombia-Arauca (17-Col.1)

. mixtum Colombia-Arauca (17-Col.3)

. mixtum Colombia-Arauca (17-Col.4)

. mixtum Colombia-Neira (24-83C1)

. mixtum Colombia-Neira (24-83C2)

. mixtum Colombia-Nunchia (27-Col.5)

. mixtum Colombia-Nunchia (27-Col.6)

. mixtum Colombia-5.J. de Arama (33-75M1)

Dermacentor nitens [AY375436] LSA

a9 [, nitens Colombia-Leticia (2-52L1)

D. nitens Colombia-Leticia (8-58L1)

, nitens Colombia-Arauca (13-F15)

. nitens Colombia-Arauca {15-841)

nitens Colombia-Arauca (16-10A1)

nitens Colombia-Arauca (16-10A2)

nitens Colombia-5an Jacinto (22-30B1)

nitens Colombia-San Jacinto (22-30B2)

. nitens Colombia-Nunchia (26-46N1)

. nitens Colombia-Nunchia (26-46N2)

. nitens Colombia-Yopal (29-37Y1)

. nitens [KY020994] Brazil

o7
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QOrnithodoros rostratus [DO295730]
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Fig. 3. Maximum Likelihood (ML) tree using sequences of the mitochondrial 16S rDNA
gene partial sequences of tick specimens collected in the present study (in bold) and
sequences from GenBank (accession numbers in brackets). Numbers at nodes are bootstrap
support values. The sequence of Ornithodoros rostratus was used as outgroup.
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Rhipicephalus microplus Colombia-lbague (35-1611)

R. microplus Colombia-Restrepo (40-33V1)

R. microplus Colombia-lbague (35-F13)

R. microplus Colombia-Ibague (34-8211)

R. microplus Colombia-S..J. de Arama (33-T6M1)

R. micropluys Colombia-Saravena (21-64A1)

| R. micropius Colombia-Saravena (20-62A1)

R. microplus [KT906181] Colombia

100 || R, microplus Colombia-Fortul {19-72A1)

R. microplus Colombia-Arauca (14-4A1)

R. micropius Colombia-Leticia (5-55L1)

_ R. microplus [KP226164] Brazil

35 R. microplus Colombia-Leticia {3-53L1)

99 Dermacentor nitens Colombia-Leticia (2-52L1)
D. nitens Colombia-Leticia (8-58L1)

D. nitens Colombia-Arauca (13-F15)

D. nitens Colombia-San Jacinto {22-30B2)
nitens Colombia-Arauca (16-1041)
nitens Colombia-Arauca (18-66A1)
nitens Colombia-San Jacinto (22-30B1)
nitens Colombia-Nanchia {26-46N1)
nitens Colombia-Yopal (29-37Y1)
nitens [KF200121] Panama
D). nitens [KT806188] Colombia

Amblyomma dissimife Colombia-Yopal {29-36Y1)
3 100 |-A. dissimile [KF200114]
Amblyomma ovale Colombia-lbague (35F12)
A ovale [KF200158] Panama
A. ovale Colombia-lbague (35-6)
A, ovale Colombia-lbague (35-8)
A. ovale Colombia-Saldafia (37-7)
Amblyomma maculatum Colombia-Saldafia (37-1)
A maculatum [KU302492] USA
99 |A. maculatum Colombia-lbague (35-2311)
A. maculatum Colombia-lbague (35-5H)
A maculatum [KU302493] Colombia
A. maculatum Colombia-lbague {(35-F11)
A maculatum [KU302496] USA
Amblyomma triste [KU306584] Brazil
A. triste [KU306551] Brazil
A triste [KU306550] Argentina
A triste [KU306552] Argentina
A. triste Brazil-Sao Paulo (F4)
1|4 triste [KU306556] Brazil
A. maculatum Colombia-Saldafia (37-2)
A, macuiatum Colombia-Saldafia (37-3)
63| A, maculatum Colombia-Saldafia (37-4)
27 Amblyomma cajennense s.s. Brazil-Rondonia
Amblyomma sculpturm [KY595140] Brazil
1} Amblyomma cajennense s.. [KF 200097] Panama
Mg cajennenses.|. [KF200160] Panama
Amblyomma mixtum [KT820364] Ecuador
A. mixtum Colombia-Neira {24-83C3)
A. mixtum Colombia-Neira (24-83C5)
A. mixtum Colombia-Neira (24-83C2)
A. mixtum Colombia-Yopal (31-41Y1)
A. mixtum Colombia-5.J. de Arama (33-75M1)
A. mixtum Colombia-Nunchia {26-45N1)
A. mixturn [KY595139] Colombia
AL mixtum [KY595138] Colombia
A mixtum [KY535135] Colombia
A. mixtum Colombia-Yopal {(29-39Y1)
A, mixtum [KY595137] Colombia
6 | A, mixtum [KY595134] Colombia
A mixtum [KY595136] Colombia
Ormnithodoros rostratus [NC023372:1192-2730]

6.

-

100

D.
D.
D.
D.
D.
D.

68

—_—

0.05

Fig. 4. Maximum Likelihood (ML) tree using sequences of the mitochondrial cytochrome ¢
oxidase subunit I (COI) gene partial sequences of tick specimens collected in the present
study (in bold) and sequences from GenBank (accession numbers in brackets). Numbers at
nodes are bootstrap support values. The sequence of Ornithodoros rostratus was used as

outgroup.
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— Amblyormma mixtum [KYG08799] Colombia
. mixtum [JN866853] Costa Rica

. mixtum [KYG08798] Colombia

- mixtur [KYG08797] Colombia

. mixtum [KYG608795] Colombia

. mixtum [KYG08796] Colombia

_mixtum [KYG0B8794] Colombia

3 A mixtum [JMNB66385] Mexico

-I—A. mixtuim [KF527295] USA

A. mixtum Colombia-5.J. de Arama (33-75M1)
A. mixtum Colombia-Neira (24-83C1)

A. mixtum Colombia-Neira (24-83C2)

99 Amblyomima sculpturm [KY595141] Brazil
4”‘-& sculptum [JNBG66346] Brazil
4

99

e In In In In Im

=

99

A. sculptum [JMNB6G6835] Argentina
Amblyomma patinoi [JMBEE881] Colombia
ﬁ'jmbfyomma cajennense 5.5 [JN866864] Guayana Francesa
100 — Amblyomma tonelliae [JMBGEEE95] Argentina
4‘1 tonellige [JM866296] Argentina

100 Amblyomma interandinum [JNS6G6905] Peru

100 & A interandinum [JNBGE900] Peru
Amblyomima americanum [AF548539]

0.01

Fig.5. Maximum Likelihood (ML) tree using sequences of the second internal transcribed
space (ITS2) gene partial sequences of tick specimens collected in the present study (in bold)
and sequences from GenBank (accession numbers in brackets). Numbers at nodes are
bootstrap support values. The sequence of Amblyomma americanum was used as outgroup.
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Rhipicephalus sanguineus [KC243835] South Africa

R. sanguineus [JX897387] Thailand

R. sanguineus Brazil-Minas Gerais (2)

R. sanguineus Brazil-Minas Gerais (1)

R. sanguineus Colombia-Restrepo (40-32V2)

R. sanguineus Colombia-Restrepo (40-32V1)

R. sanguineus Colombia-Cali (39-34V3C2)

R. sanguineus Colombia-Cali (39-34V3C1)

R. sanguineus Colombia-Saldafia (37-2654C2)

R. sanguineus Colombia-Saldafia (37-2654C1)

R. sanguineus Colombia-lbague (36-1812)

R. sanguineus Cclombia-lbague (36-1811)

R. sanguineus Celombia-lbague (35-15111C4)

R. sanguineus Colombia-lbague (35-15111C3)

R. sanguineus Colombia-lbague (35-1512C2)

R. sanguineus Celombia-lbague (35-1512C1)

R. sanguineus Colombia-lbague (35-F14)

# | R. sanguineus Colombia-Puerto Salgar (32-18M)

R. sanguineus Colombia-Puerto Salgar (32-18H)

R. sanguineus Colombia-Yopal (31-40Y7C2)

R. sanguineus Colombia-Yopal (31-40Y7C1)

R. sanguineus Colombia-Yopal (29-35Y15C2)

R. sanguineus Colombia-Yopal (29-35Y15C1)

R. sanguineus Colombia-Dorada (23-12M)

R. sanguineus Colombia-Dorada (23-12H)

R. sanguineus Cclembia-Arauca (18-71A1)

99 [| R. sanguineus Colombia-Arauca (13-3A16C2)
R. sanguineus Cclombia-Arauca (13-3A18C1)
R. sanguineus Colombia-Medellin (12-20M)

R. sanguineus Colombia-Medellin (12-20H)

R. sanguineus Colombia-Leticia (10-60L21C2)
R. sanguineus Colombia-Leticia (10-60L21C1)
R. sanguineus Colombia-Leticia (10-60L1)

-R. sanguineus Colombia-Saravena (21-63A2)

- R sanguineus [EU346682] Brazil

- R. sanguineus Brazil-Sao Paulo (F3)

98 R. sanguineus [KC243838] Colombia

rRhﬂpi'cepha.’us turanicus [KC243857] ltaly
1o0' R. turanicus [KC243867] Greece

R. sanguineus [JX195170] Argentina
R. sanguineus [JX304689] France
1

oo | R. sanguineus [JF928519] Germany
R. sanguineus [GlU553081] Spain

-Rhipicephalus microplus Colombia-Leticia (3-53L1)
R. microplus Colombia-Leticia (5-55L1)
. microplus Colembia-Fortul (19-72A1)
. microplus Colombia-Saravena (21-64A1)
. microplus Colombia-5.J. de Arama (33-76M1)
. microplus Colombia-lbague (34-8211)
. microplus Colombia-lbague (35-F13)
. microplus Colombia-lbague (35-1611)
. microplus Colombia-Restrepo (40-33V2)
. microplus [EU918176] Argentina
Ixodes ricinus [JF928527] Germany

100

AADAO00D0000

—_
0.05

Fig.6. Maximum Likelihood (ML) tree using sequences of the mitochondrial 16S rDNA gene
partial sequences of tick specimens collected in the present study (in bold) and sequences
from GenBank (accession numbers in brackets). Numbers at nodes are bootstrap support
values. The sequence of Ixodes ricinus was used as outgroup.
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Rhipicephalus sanguineus [KF499530] Brazil

I R. sanguineus [KF499536] Costa Rica

R sanguineus [KF499533] Honduras

R. sanguineus Brazil-Minas Gerais (1)

R. sanguineus Brazil-Sao Paulo (F3)

R. sanguineus Colombia-Cali (39-34V3C1)

R. sanguineus Colombia-lbague (35-1512C2)

R. sanguineus Colombia-Arauca (13-3A16C2)
R. sanguineus Colombia-Saldafia (37-2654C1)
R. sanguineus Colombia-Saldafia (37-2654C2)
H|R. sanguineus [JF752643] China

R sanguineus [JF758643] China

R. sanguineus Colombia-Leticia (10-60L21C2)
J;R. sanguineus Colombia-Yopal (29-35Y15C1)

=
=]
m\ﬁ

R. sanguineus [KY458971] India
R. sanguineus Colombia-Dorada (23-12H)

R. sanguineus Colombia-lbague (35-15111C3)
" || — R. sanguineus Colombia-Medellin (12-20M)
R. sanguineus Colombia-Arauca (13-3A16C1)
5-;' R. sanguineus Colombia-Dorada (23-12M)

R. sanguineus Colombia-Yopal {29-35Y15C2)
33 R. sanguineus Colombia-lbague (35-F14)
1 | |R. sanguineus Colombia-lbague (35-15111C4)

R. sanguineus Brazil-Minas Gerais (2)

R. sanguineus [AF271283] Australia

- R. sanguineus [KU198408] Egypt

11 [L R. sanguineus Colombia-Yopal (31-40Y7C1)
— R. sanguineus [KF499538] Thailand

- Rhipicephalus turanicus [KF958420]

P R. sanguineus Colombia-Leticia (10-60L21C1)

R. sanguineus [KF499531] Colombia
R. sanguineus Colombia-Yopal (31-40Y7C2)
1P| R turanicus [KF958425]

R. sanguineus [KF4995349] Colombia
R sanguineus [JQ412127] Egypt
Rhipicephalus appendiculatus [DQ849254] Zambia
Rhipicephalus microplus Colombia-lbague (35-F13)

100

—
0.01

Fig.7. Maximum Likelihood (ML) tree using sequences of the second internal transcribed
space (ITS2) gene partial sequences of tick specimens collected in the present study (in bold)
and sequences from GenBank (accession numbers in brackets). Numbers at nodes are
bootstrap support values. The sequence of Rhipicephalus microplus was used as outgroup.
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Table S1. Data on the hard ticks (Acari: Ixodidae) collected from domestic hosts in various

regions of Colombia.

Tick Species Number of ticks* Host State Municipality Geographical Altitude Date
F M N L Coordinates masl|
R. microplus 8 Bos taurus Amazonas Leticia 4°6° 317'S, 69°58° 5"W 51 08-2015
R. sanguineus 1 Bos taurus Amazonas Leticia 4°6° 317S, 69°58° 5"W 51 08-2015
D. nitens 17 13 14 Equus caballus Amazonas Leticia 4°8° 427, 69°56° 28"W 87 08-2015
R. microplus 5 9 24 Bos taurus Amazonas Leticia 4°6° 18”8, 69°56° 23”W 69 08-2015
R. microplus 6 11 3 Bos taurus Amazonas Leticia 4°4° 24”8, 70°0° 10W 85 08-2015
R. microplus 12 77 Bos taurus Amazonas Leticia 4°4° 1778, 69°59° 57"W 85 08-2015
R. microplus 10 7 Bos taurus Amazonas Leticia 4°4° 38”8, 70°0° 6”W 39 08-2015
R. microplus 14 6 1 Bos taurus Amazonas Leticia 4°7° 2778, 69°56° 59”W 96 08-2015
D. nitens 5 1 Bos taurus Amazonas Leticia 4°8° 39S, 69°56° 20"W 88 08-2015
R. microplus 2 2 7 Bos taurus Amazonas Leticia 4°9° 1578, 69°56° 1"W 40 08-2015
R. sanguineus 5 7 C. lupus familiaris Amazonas Leticia 4°9° 59”8, 69°57° 41"W 40 08-2015
R. microplus 9 3 2 Bos taurus Amazonas Leticia 4°6° 167, 69°58° 24"W 78 08-2015
R. sanguineus 10 10 C. lupus familiaris Antioquia Medellin 06° 14°41”N, 75° 34°29"W 1495 08-2015
D. nitens 12 26 4 3 Equus caballus Arauca Arauca 06° 55°43”N, 70° 27°36"W 115 09-2014
R. sanguineus 16 21 1 C. lupus familiaris Arauca Arauca 06° 55°43"N, 70° 27°36"W 115 09-2014
R. microplus 5 1 Bos taurus Arauca Arauca 06° 02°N, 69° 25°W 125 09-2014
A. mixtum 3 1 Bos taurus Arauca Arauca 06° 02°N, 69° 25°W 125 09-2014
A. mixtum 8 12 Equus caballus Avrauca Avrauca 06° 56’ 24N, 70° 32’ 0"W 117 09-2014
D. nitens 14 47 Equus caballus Arauca Avrauca 06° 56° 24"N, 70° 32’ 0"W 117 09-2014
A. mixtum 1 1 Equus caballus Avrauca Avrauca 07° 1’ 48N, 70° 43* 39"W 132 09-2014
D. nitens 9 33 7 8 Equus caballus Avrauca Arauca 07° 1’ 48N, 70° 43* 39"W 132 09-2014
A. mixtum 33 69 Equus caballus Avrauca Arauca 07°3’ 55"N, 70° 44° 2°W 129 09-2014
D. nitens 26 66 4 Equus caballus Arauca Avrauca 07°3° 55"N, 70° 44° 2"W 129 09-2014
A. mixtum 23 25 1 Bos taurus Arauca Arauca 07° 3 55”N, 70° 44° 2”W 129 09-2014
A. mixtum 4 Equus caballus Arauca Avrauca 07°3° 55"N, 70° 44° 2°W 129 09-2015
D. nitens 5 2 Equus caballus Avrauca Avrauca 07°3’ 55"N, 70° 44° 2°W 129 09-2015
D. nitens 3 Sus scrofa Arauca Arauca 07° 4’ 34"N, 70° 42’ 37"W 120 08-2015
D. nitens 2 2 Bos taurus Arauca Arauca 07° 4’ 34"N, 70° 42’ 37"W 120 08-2015
D. nitens 11 5 Equus caballus Arauca Avrauca 07°4° 34"N, 70° 42° 37"W 120 08-2015
A. mixtum 1 Equus caballus Arauca Avrauca 07°4° 34"N, 70° 42° 37"W 120 08-2015
R. sanguineus 3 1 Equus caballus Arauca Arauca 07° 4’ 34”N, 70° 42° 37"W 120 08-2015
R. sanguineus 2 5 C. lupus familiaris Avrauca Avrauca 07° 4’ 34"N, 70° 42° 37"W 120 08-2015
R. microplus 3 1 1 Bos taurus Arauca Fortul 06° 47’ 39N, 71° 46’ 15"W 240 09-2015
R. microplus 4 2 Bos taurus Arauca Saravena 06° 57’ 26™N, 71° 52’ 31”W 380 09-2015
R. sanguineus 1 3 C. lupus familiaris Arauca Saravena 06° 57° 26”N, 71° 52’ 31”"W 380 09-2015
R. microplus 5 Bos taurus Arauca Saravena 06°57° 21™N, 71° 52’ 21”"W 390 09-2015
R. microplus 1 C. lupus familiaris Arauca Saravena 06° 57" 21™N, 71° 52’ 21”"W 390 09-2015
D. nitens 10 14 2 Equus caballus Bolivar San Jacinto 9°84’ 53”N, 75°11° 88"W 250 01-2015
D. nitens 4 2 1 Equus asinus Bolivar San Jacinto 9°84’ 53”N, 75°11° 88"W 250 01-2015
R. microplus 1 Equus asinus Bolivar San Jacinto 9°84’ 53”N, 75°11° 88"W 250 01-2015
R. sanguineus 10 12 C. lupus familiaris Caldas Dorada 5°27" 14"N, 74° 39° 53"W 180 09-2015
A. mixtum 18 2 Bos taurus Caldas Neira 5°11°50”N- 75°38°05"W 1919 09-2015
R. sanguineus 10 9 C. lupus familiaris Caldas Norcasia 5°34° 27N, 74° 53" 20"W 690 09-2015
A. maculatum 1 1 C. lupus familiaris Caldas Norcasia 5°34" 277N, 74° 53" 20"W. 690 09-2015
A. mixtum 10 11 4 Equus caballus Casanare Nunchia 5°21° 1N, 72°4° 53”W 212 02-2015
D. nitens 1 1 Equus caballus Casanare Nunchia 5°21° 1™N, 72°4’ 53"W 212 02-2015
A. mixtum 3 5 2 Equus caballus Casanare Nunchia 5°21° 13”N, 72°5° 50”"W 214 02-2015
A. mixtum 11 2 1 Bos taurus Casanare Nunchia 5°21° 13N, 72°5° 50"W 214 02-2015
A. mixtum 3 2 Vegetation Casanare Nunchia 5°21° 40™N, 72°6° "W 183 02-2015
R. sanguineus 1 1 C. lupus familiaris Casanare Yopal 5°19° 27"N, 72°24° 31"W 340 02-2015
A. mixtum 5 40 Vegetation Casanare Yopal 5°19° 27"N, 72°24° 31"W 340 02-2015
A. dissimile 1 40 Vegetation Casanare Yopal 5°19° 27"N, 72°24° 31"W 340 02-2015
D. nitens 16 12 Equus caballus Casanare Yopal 5°19° 27°N, 72°24’ 31"W 340 02-2015
R. sanguineus 1 4 Equus caballus Casanare Yopal 5°19° 27°N, 72°24’ 31"W 340 02-2015
A. mixtum 5 2 Equus caballus Casanare Yopal 5°19° 27"N, 72°24° 31"W 340 02-2015
D. nitens 1 2 Equus caballus Casanare Yopal 5°25° 53”N, 72°14° 36"W 240 02-2015
A. mixtum 2 Equus asinus Casanare Yopal 5°25° 26”N, 72°14° 17"W 193 02-2015
D. nitens 2 1 Equus asinus Casanare Yopal 5°25° 26”N, 72°14* 17"W 193 02-2015
D. nitens 6 8 1 Equus caballus Casanare Yopal 5°25° 26”N, 72°14* 17"W 193 02-2015
A. mixtum 3 6 Equus caballus Casanare Yopal 5°25° 26”N, 72°14* 17"W 193 02-2015
R. sanguineus 10 10 C. lupus familiaris Cundinamarca Puerto Salgar 5°27° 55"N, 74° 39" 11"W 180 09-2015
A. mixtum 1 Bos taurus Meta S. J. de Arama 3°20° 47”N, 73°53* 21"W 500 09-2015
R. microplus 25 4 5 Bos taurus Meta S. J. de Arama 3°20° 47N, 73°53° 21"W 500 09-2015
R. microplus 11 1 1 Bos taurus Tolima Ibagué 04° 24’ 6"N, 75° 4’ 21"W 790 08-2015
A. maculatum 3 C. lupus familiaris Tolima Ibagué 04°23° 50”N, 75° 8’ 12"W 924 08-2014
R. sanguineus 15 15 C. lupus familiaris Tolima Ibagué 04°23° 50”N, 75° 8’ 12"W 924 08-2014
A. varium 1 C. lupus familiaris Tolima Ibagué 04° 23 50"N, 75° 8’ 12"W 924 08-2014
R. microplus 8 11 Bos taurus Tolima Ibagué 04° 23 50"N, 75° 8’ 12"W 924 08-2014
D. nitens 1 2 Equus caballus Tolima Ibagué 04° 23 50N, 75° 8’ 12"W. 924 08-2014
R. microplus 10 10 Bos taurus Tolima Ibagué 04°23° 50”N, 75° 8’ 12"W 924 02-2015
R. sanguineus 5 5 Bos taurus Tolima Ibagué 04°23° 50”N, 75° 8’ 12"W 924 02-2015
A. maculatum 1 5 C. lupus familiaris Tolima Ibagué 04°23° 50”N, 75° 8’ 12"W 924 02-2015
A. ovale 2 9 C. lupus familiaris Tolima Ibagué 04° 23 50"N, 75° 8’ 12"W 924 02-2015
A. dissimile 1 Bos taurus Tolima Ibagué 04° 23 50”N, 75° 8> 12”W 924 02-2015
D. nitens 6 30 Equus asinus Tolima Ibagué 04° 23 50N, 75° 8’ 12"W. 924 08-2015
D. nitens 5 10 2 Equus caballus Tolima Ibagué 04°23° 50”N, 75° 8’ 12"W 924 08-2015
R. sanguineus 9 13 C. lupus familiaris Tolima Ibagué 04°49° 30”N, 75° 28 83"W 1850 08-2014
R. microplus 100 100 Bos taurus Tolima Ibagué 04° 49° 30”N, 75° 28° 83"W 1850 08-2014
R. sanguineus 8 12 C. lupus familiaris Tolima Saldafia 3°55° 36”N, 74°58° 33"W 302 01-2015
A. maculatum 31 C. lupus familiaris Tolima Saldafia 3°55” 36”N, 74°58’ 33"W 302 01-2015
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A. ovale C. lupus familiaris Tolima Saldafia 3°55° 36”N, 74°58’ 33°W 302 01-2015
R. sanguineus C. lupus familiaris Tolima Saldafia 3°55° 36”N, 74°58° 33"W 302 05-2016
A. maculatum C. lupus familiaris Tolima Saldafia 3°55 36”N, 74°58° 33°W 302 05-2016
A. ovale C. lupus familiaris Tolima Saldafia 3°55° 36”N, 74°58° 33°W 302 05-2016
R. sanguineus C. lupus familiaris Tolima Saldafia 3°93° 47N, 75°02°W 300 02-2015
R. sanguineus C. lupus familiaris V. del Cauca Cali 3°24° 21N, 76°32° 47"W 982 01-2015
R. sanguineus C. lupus familiaris V. del Cauca Restrepo 3°51° 12”N, 76°30° 43"W 1413 01-2015
R. microplus Bos taurus V. del Cauca Restrepo 3°51° 12”N, 76°30° 43"W 1413 01-2015

* (F) Female, (M) Male, (N) Nymph, (L) Larva
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4.2. CAPITULO 2

Amblyomma mixtum Koch, 1844 (Acari: Ixodidae): First record confirmation

in Colombia using morphological and molecular analyses.
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Up to some years ago, the taxon Amblyomma cajennense represented a single tick species in the New
World, from southern United States to northern Argentina. Recent studies, based on genetic, reproductive
and morphological data reorganized this taxon into a complex of the following 6 valid species: A. cajen-
nense sensu stricto, Amblyomma mixtum, Amblyomma sculptum, Amblyomma interandinum, Amblyomma
tonelliae, and Amblyomma patinoi. According to this classification, the A. cajennense complex is currently
represented in Colombia by only one species, A. patinoi. Because the Colombian land is surrounded by
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Complex Brazilian Amazon, it is possible that these two species could also occur in Colombia. This study aimed to

determine the occurrence of ticks of the A. cajennense complex in the Orinoquia region of Colombia. A total
of 246 adult ticks of the Amblyomma genus were collected in three sampled regions: 71 females and 110
males in Arauca (Arauca Department), 27 females and 20 males in Nunchia (Casanare Department), and
10 females and 8 males in Yopal (Casanare Department). Based on morphological and molecular analyses,
these ticks were identified as A. mixtum. Molecular analyses consisted of DNA sequences of two molec-
ular markers, the nuclear second internal transcribed spacer (ITS2) and the mitochondrial cytochrome c
oxidase subunit [ gene (COI). The presence of A. mixtum in Colombia is of medical relevance, since this
species is incriminated as a vector of Rickettsia rickettsii in Central America.

© 2016 Published by Elsevier GmbH.

Molecular markers
Rickettsia rickettsii

1. Introduction Brazil), Amblyomma interandinum (inter-Andean valley of Peru),

Amblyomma tonelliae (dry areas of northern Argentina, Bolivia and

Up to some years ago, the taxon Amblyomma cajennense rep-
resented a single tick species distributed in all tropical and
subtropical areas of the New World, from southern United States
to northern Argentina (Estrada-Pefia et al., 2004). Recent studies,
based on genetic, reproductive and morphological data reor-
ganized this taxon into a complex of the following 6 valid
species: A. cajennense sensu stricto (restricted to the Amazonian
region), Amblyomma mixtum (from Texas to western Ecuador),
Amblyomma sculptum (northern Argentina, Bolivia, Paraguay,
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Paraguay), and Amblyomma patinoi (Eastern Cordillera of Colombia)
(Beati et al., 2013; Nava et al., 2014). According to this classifica-
tion, the A. cajennense species complex is currently represented in
Colombia by only one specie, A. patinoi (Nava et al., 2014). However,
our current knowledge on the distribution of these species is prob-
ably incomplete, and examination of new field-collected material
is required for a better definition of species boundaries (Nava et al.,
2014). Moreover, A. cajennense s.l. constitutes the most important
human-biting ticks of South America (Guglielmone et al., 2006),
and at least three species of this species complex, namely A. sculp-
tum, A. mixtum, and A. patinoi, are incriminated as important vectors
of the bacterium Rickettsia rickettsii, the agent of the deadly Rocky
Mountain spotted fever (Krawczak et al., 2014; Labruna et al., 2014;
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Faccini-Martinez et al.,2015). Therefore, a precise knowledge of the
actual distribution of these species is of highly public relevance.

The six species of the A. cajennense species complex are morpho-
logically very similar, making their morphological discrimination
sometimes very difficult. The combination of morphological, distri-
butional, and molecular information may sometimes be necessary
for the correct determination of problematic specimens (Navaetal.,
2014). While A. patinoi is the only member of this complex, precisely
known to occur in Colombia (Nava et al., 2014; Faccini-Martinez
et al., 2015), there have been multiple previous records of A. cajen-
nense s.l. from different parts of Colombia (Lopez-Valencia 1989;
Estrada-Pefla et al., 2004; Miranda et al.,, 2011). Unfortunately,
these specimens are not available for morphological reexamina-
tion or molecular analysis. In addition, because the Colombian land
is surrounded by confirmed records of A. mixtum in Panama and
Ecuador, and by A. cajennense s.s. in Venezuela and the Brazilian
Amazon (Nava et al., 2014), it is possible that these two species
could also occur in Colombia.

In view of the above and considering the medical and veterinary
importance of A. cajennense s.l. in Latin America, associated to the
lack of studies on this complex in the Colombian territory, this study
aimed to determine the occurrence of ticks of the A. cajennense
complex in the Orinoquia region of Colombia.

2. Material and methods

Ticks were collected directly from horses (Equus caballus), cat-
tle (Bos taurus), and a capybara (Hydrochoerus hydrochaeris)
from different geographical sites of the Orinoquia region
(Eastern Plains) of Colombia. The ecosystems of the region
are tropical savanna with gallery forests and wetlands
along the rivers. Ticks were collected from the following
specific sites: Department of Arauca, Arauca municipality
(06°55'43”N, 70°27'36"W/06°02’'0"N, 69°25'0"W/06°56'24"N,
70°32’0"W/[07°1'48"N, 70°43'39"W/07°3'55"N, 70°44'2"W) in
September 2014; Department of Casanare, Nunchia municipal-
ity (5°21"1”"N, 72°4’53"W/5°21’13”N, 72°5'50"W/[5°21’40"N,
72°6'7"W) and Yopal municipality (5°19'27"N,
72°24'31"W/5°25'26”"N, 72°14'17"W) in February 2015. Col-
lected ticks were submitted to taxonomic identification based
on their external morphology following Jones et al. (1972) and
Nava et al. (2014) through light microscopy (Leica M205C stere-
omicroscope). In addition, 2 male and 2 female specimens from
each municipality (Arauca, Yopal and Nunchia) were prepared for
scanning electron microscopy (SEM) (Hitachi Scanning Electron

A

Microscope, model TM3000) following techniques described by
Corwin et al. (1979).

After morphological identification, 2 male and 2 female spec-
imens of each Department were individually processed for
molecular analyses. For this purpose, DNA was extracted using
a DNeasy Blood & Tissue Kit (Qiagen) following manufactureris
protocol, and tested by two PCR protocols, one targeting the
ribosomal second internal transcribed spacer (ITS2) region, and
the second one targeting the mitochondrial cytochrome c oxi-
dase subunit I gene (COI). For the ITS2 PCR, we used primers
ITS2 (F) 5'-CCATCGATGTGAAYTGCAGGACA-3’ (Zahler et al., 1995)
and MCLN (R) 5'-GTGAATTCTATGCTTAAATTCAGGGGGT-3’ (Mclain
etal., 1995), which correspond to the 5.8S and 28S regions, respec-
tively, thus amplifying a DNA fragment that contains the complete
sequence of the ITS2 of the rDNA, which has ~1000-bp in ticks of
the genus Amblyomma (Marrelli et al., 2007). For the COI PCR, we
used primers LCO1490 (F) 5'-GGTCAACAAATCATAAAGATATTGG-3’
and HCO2198 (R) 5'-TAAACTTCAGGGTGACCAAAAAATCA-3’, which
amplify a ~700-bp fragment (Folmer et al., 1994). PCR products
were purified using Wizard® SV Gel and PCR Clean-Up System Kit
(Promega), according to the manufacturer’s instructions, and sent
to Macrogen Advancing Through Genomics (South Korea) for DNA
sequencing.

DNA sequences were submitted to phylogenetic analyses. For
this purpose, the quality analysis of the DNA sequences was per-
formed with the Geneious Trial v8.14 software (Drummond et al.,
2009). Sequence alignments were conducted with the ClustalW
software (Thompson et al., 1997), included in the Mega 6 software
(Tamura et al., 2013). Species identification and confirmation con-
ducted through similarity estimation between sequences obtained
from specimens collected in Colombia, in addition to representa-
tive sequences of six species of the A. cajennense complex derived
from GenBank (Beati et al., 2013; Nava et al.,, 2014). Regarding
the COI gene, the studied sequences had their similarities esti-
mated through public sequences from GenBank and Barcode of Life
Data Systems (BOLD—<www.barcodinglife.com>), registered as A.
cajennense s.l. Variation of DNA sequences was estimated using the
Kimura 2 parameter-K2 P (Kimura, 1980). A tree was created for o
method (Neighbor-Joining—N]J) with 1000 replications in the boot-
strap test. The K2 P parameter was selected as the genetic distance
model in the Mega 6 software (Tamura et al., 2013).

The localities of the ticks collected in this study were plotted
in a map, together with previously published records of A. patinoi,
A. mixtum and A. cajennense s.s. by Nava et al. (2014), using the
Geographic Coordinate System (WGS 1984, Datum: DWGS 1984)
and the ESRI® ArcMap.

Fig. 1. Dorsal view of Amblyomma mixtum. (A) Male; (B) Female. (e) adjacent enamelled stripe, (s) postero-median spot, (sm) marginal groove.
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1mm

Fig. 2. Scanning Electron Microscopy (SEM) A. mixtum male. (A) dorsal view; (B) ventral view; (C) ventral basis capitulum; (D) coxae I-IV. (es) coxal spur, (sp) palpal ventral
prolongation, (h) hypostome, (pal) palps, (e) adjacent enamelled stripe, (s) postero-median spot.

3. Results

A total of 246 adult ticks of the genus Amblyomma were col-
lected in three sampled regions: 71 females and 110 males in
Arauca, 27 females and 20 males in Nunchia, and 10 females and
8 males in Yopal. Initially, all ticks were morphologically identi-
fied as A. cajennense s.l. (Figs. 1-3). According to Nava et al. (2014),
very few external morphological characters could be consistently
used to separate species of the A. cajennense complex. One of these
characters are the female genital opening, which is “V” shaped
in A. cajennense s.s., A. tonelliae and A. interandinum, “U” shaped
in A. sculptum and A. mixtum, and with short and bulging lateral
flaps in A. patinoi. All female specimens of the present study pre-
sented an “U” shaped genital opening (Fig. 3D). According to Nava
et al.(2014), morphological separation of males A. sculptum from A.
mixtum are easily differentiable by the ornamentation and punctu-
ations of the scutum, and in this case, geographical location should
be applied, since the former species seems to be restricted to parts

of South America south to the Amazon basin, whereas the later
species occurs in regions north of the Amazon basin, from northern
South America to southern Texas. Because the Orinoquia region of
Colombia is located northern to the Amazon, we supposed that our
specimens could be A. mixtum.

Attempts to conclusive taxonomic identification were per-
formed through molecular analyses. In this case, fragments of the
ITS2 gene were generated for 4 tick specimens of each Depart-
ment. These sequences were aligned (832-bp) with representative
sequences of the six species of the A. cajennense complex, in
addition to A. americanum (outgroup), derived from GenBank.
Phylogenetic analysis indicated that the Colombian specimens cor-
respond to A. mixtum (Fig. 4). Similarly, fragments of the COI
gene were generated from 4 tick specimens of each Department.
These sequences were aligned (616-bp) with six sequences from
GenBank and Barcode of Life Data Systems (BOLD) of A. cajennense
s.l.and one of A. americanum (outgroup). The Colombian specimens
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Fig. 3. Scanning Electron Microscopy (SEM) A. mixtum female. (A) dorsal view; (B) ventral view; (C) notum; (D) genital aperture. (ag) genital aperture, (esc) scutum, (es)
coxal spur, (sp) palpal ventral prolongation, (fe) festoons, (h) hypostome, (n) notum, (pal) palps, (se) setae.

clustered with sequences from Panama (Fig. 5), which correspond
to the geographic area of A. mixtum according to Nava et al. (2014).

The intraspecific genetic distances between the ITS2 rDNA
sequences of A. mixtum collected in Arauca and Casanare, in
Colombia, and the sequences from GenBank of A. mixtum from
Mexico, Costa Rica, and Texas revealed 0.5% maximum difference
and 0.0% minimum. On the other hand, interspecific differences
among the six A. cajennense complex-species ranged from 0.9 to
8.3%(Table 1).Regarding the COI sequences, the minimal difference
between the Colombian species occurred with an A. cajennense s.1.
sequence from Panama (Table 2), an area with known occurrence
of A. mixtum, according to Nava et al. (2014).

4. Discussion

Morphological and molecular analyses of field-collected speci-
mens of A. cajennense s.l. in the present study clearly confirm the
occurrence of A. mixtum in Colombia for the first time. Genetic dif-
ferences between the ITS2 and COI sequences of Colombian and

A. mixtum sequences from GenBank are in agreement with Beati
et al. (2013), who performed an extensive genetic analysis of all
six species of the A. cajennense complex. Because there have been
previous records of A. mixtum in two neighboring countries of
Colombia (Panama and Ecuador), ours findings are also corrobo-
rated by geographical data, especially because there is apparently
no great eco-regional differences between the Orinoquia region of
Colombia and other known A. mixtum areas (Estrada-Pefia et al.,
2014). On the other hand, Estrada-Pefia et al. (2014) suggested that
the Orinoquia region could be an area of sympatry or parapatry
between A. mixtum and A. cajennense s.s. While we did not find
any A. cajennense s.s. in the present study, we are aware that our
convenient tick sample is not representative for the region (Fig. 6).
Therefore, further studies are needed to better evaluate the possi-
ble occurrence of more species of the A. cajennense complex in the
Orinoquia region of Colombia.

The presence of A. mixtum in Colombia is of medical relevance,
since this specie is incriminated as the vector of R. rickettsii in Cen-
tral America (Labruna et al., 2014). On the other hand, there has
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Fig. 4. Neighbor-joining tree using the sequences of the ITS2 rDNA gene.
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Fig. 5. Neighbor-joining tree using the sequences of the mitochondrial cytochrome c oxidase subunit I gene (COI).

Table 1

Kimura 2 parameter (K2P) distances (in percentage) for the second internal transcribed space (ITS2) sequences of species of the Amblyomma cajennense complex, including
the A. mixtum sequences generated from ticks collected in Colombia in the present study.

Tick species A. mixtum A. mixtum (Colombia) A. sculptum A. patinoi A. cajennense A. tonelliae A. interandinum A. americanum

A. mixtum 0.1-0.3

A. mixtum (Colombia) 0.0-0.5 0.0-0.4

A. sculptum 1.4-1.8 1.4-1.8 0.1-0.4

A. patinoi 3.5-3.8 3.5-3.8 3.8-3.9 -

A. cajennense 3.4-3.6 3.4-3.6 3.6-3.8 0.9 -

A. tonelliae 6.5-6.9 6.6-7.2 6.6-7.0 7.7-8.0 7.9-8.2 03

A.interandinum 6.8-7.2 6.8-7.2 7.0-7.3 8.0-8.2 8.2-8.3 3.4-3.8 0.1

A. americanum 9.6-9.9 9.6-9.9 10.0-10.1 9.7 104 10.7-11.0 10.4-10.6 -
been several records A. mixtum infection by Rickettsia amblyommii, that natural R. rickettsii-infection rates in A. cajennense s.l. ticks are
a possible non-human pathogen or an agent of a much milder infec- usually very low (usually <1%) (Sangioni et al., 2005; Krawczak
tious disease (Bermudez et al., 2009; Hun et al., 2011; Novakova et al.,, 2014). On the other hand, reported rates for R. amblyommii-

et al., 2015). Previous studies in Panama and Brazil have reported infected A. cajennense s.l. ticks are commonly >25% (Bermudez et al.,
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Kimura 2 parameter (K2P) distances (in percentage) for the mitochondrial cytochrome c oxidase subunit I gene (COI) sequences of species of the Amblyomma cajennense
complex, including the A. mixtum sequences generated from ticks collected in Colombia in the present study.

Tick species

A. mixtum (Colombia)

A. sculptumBrazil A. cajennense. s.l. (Panama) A. cajennense s.l. Brazil A. americanum

A. mixtum (Colombia) 0.2-1.0
A. sculptum Brazil 15.6-16.0 -
A. cajennense s.l. (Panama) 3.2-38 16.2 0.0
A. cajennense s.l. (Brazil) 14.5-14.7 4.5 143 0.0
A. americanum 18.4-18.9 18.2 20.2 17.8 -
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Fig. 6. Distribution of Amblyomma mixtum; Amblyomma cajennense s.s.; Amblyomma patinoi (modified from Nava et al., 2014), with the first records in Colombia of A. mixtuma.

2009; Labruna et al., 2004; Soares et al., 2015). Because laboratory
studies have suggested that previous infection by R. amblyommii
could prevent a severe disease during a subsequent infection by
the highly pathogenic R. rickettsii (Blanton et al., 2014; Rivas et al.,
2015), it is possible that previous human contact with A. mix-
tum ticks could decrease potentially fatal spotted fevers, yet to be
reported from the study area.
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4.3. CAPITULO 3

A case of gynandromorphism in Amblyomma mixtum (Acari, Ixodidae).
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Resumen

Ginandromorfismo es una condicion donde un organismo exhibe simultaneamente caracteristicas
morfologicas de macho y hembra. En Colombia el taxon Amblyomma cajennense esta
representado por las especies Amblyomma patinoi y Amblyomma mixtum. En septiembre de 2014
en la Orinoquia Colombiana, de infecciones naturales de bovinos y equinos, se colectaron y
determinaron garrapatas adultas. En una infeccion natural de bovino se describié un
ginandromorfo clasificado morfolégicamente como A. mixtum. Este es el primer registro en la
literatura de un ginandromorfo A. mixtum, y la primera descripcién de un ginandromorfo para

una especie de garrapata en Colombia.

Palabras clave: Colombia. Garrapata. Orinoquia.
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Abstract

Gynandromorphism is a condition in which an organism simultaneously exhibits male and
female morphological characteristics. In Colombia, the taxon Amblyomma cajennense is
represented by the species Amblyomma patinoi and Amblyomma mixtum. In September of 2014,
in the Colombian Orinoco region, adult ticks were collected and determined from natural
infections in bovines and equines. A gynandromorph was described from a natural infestation on
a bovine, and morphologically classified as A. mixtum. This is the first literature report of a
gynandromorph of A. mixtum, and the first description of a gynandromorph for a tick species in

Colombia.

Keywords: Colombia. Ticks. Orinoco.

Introduction
Until a few years ago, the taxon Amblyomma cajennense (Fabricius, 1787) represented a single
tick species distributed from southern United States to northern Argentina (Estrada-Pefia et al.
2004). Recently, the taxon was reorganized into a complex of six valid species: A. cajennense
sensu stricto (Fabricius, 1787) (restricted to the Amazonian region), Amblyomma mixtum (Koch,
1844) (from Texas to western Ecuador), Amblyomma sculptum (Berlese, 1888) (northern
Argentina, Bolivia, Paraguay, Brazil), Amblyomma interandinum (Beati, Nava and Céceres,
2014) (inter-Andean valley of Peru), Amblyomma tonelliae (Nava, Beati and Labruna, 2014) (dry
areas of northern Argentina, Bolivia, and Paraguay), and Amblyomma patinoi (Labruna, Nava
and Beati, 2014) (Eastern Cordillera of Colombia) (Beati et al. 2013; Nava et al. 2014). In
Colombia, this species complex is currently represented by A. patinoi (Nava et al. 2014) and A.
mixtum (Rivera-Paez et al. 2016). Nevertheless, the current knowledge of the distribution of these
species in America is likely incomplete and a species-level definition is necessary (Nava et al.
2014). At least three species of the complex, namely A. sculptum, A. mixtum, and A. patinoi, are
important vectors of the bacterium Rickettsia rickettsii, the causal agent of the Rocky Mountain
spotted fever, the deadliest tick-borne bacterial disease of the world (Krawczak et al. 2014;
Labruna et al. 2014; Faccini-Martinez et al. 2015).

Gynandromorphs are individuals that possess phenotypic characteristics of males and

females, and have been reported in several insect, spider, and tick taxa (Eritja 1996; Labruna et
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al. 2002). Their maturation begin during embryonic development, due to a loss of or damage to
sex chromosomes, binucleated eggs, or infections related to Wolbachia species, a common
endosymbiont (Naritaet al. 2010; Keskin et al. 2012). Gynandromorphism in ixodid ticks is little
known, but the phenomenon has been extensively reviewed and approximately 77 naturally-
occurring cases have been documented (Prusinski et al. 2015). In the genus Amblyomma, over 20
cases have been reported among nine species, including A. cajennense, from which two 2 cases
have been reported (Labruna et al. 2002). Based on the geographical origin (southeastern Brazil)
of these two cases in A. cajennense, they are likely to correspond to A. sculptum. To date, no
descriptions or records of gynandromorph presence have been reported in ticks in the Colombian

territory.

Material and methods

During a field study on ticks infesting domestic animals in the Colombian Orinoco region,
Arauca municipality, Arauca department (07° 3* 55” N, 70° 44’ 2 W) during September of 2014
(Rivera-Péez et al. 2016), the presence of a gynandromorph specimen of A. mixtum was noticed
and collected from a cow (Bos taurus). The gynander was taxonomically evaluated (Jones et al.
1972; Nava et al. 2014), through a light microscope (Leica M205C stereomicroscope) and a
scanning electron microscope (SEM) (Hitachi Scanning Electron Microscope, model TM3000)

following techniques described by Corwin et al. (1979).

Results and discussion

All male and female specimens in the Orinoquia region of Colombia (Rivera-Péaez et al.
2016) presented external morphological characters of A. mixtum, the males of A. mixtum the
principal diagnostic character is the tick body outline, round in A. mixtum and oval in A.
patinoi (Fig. 1A, 2A) and females of A. mixtum can be differentiated from females belonging
to the other species of the group by the combination of notal setae stout and long, more
densely distributed on the posterior half of the notum (Fig. 2A), small tubercles (Fig. 2A),
and a U-shaped genital aperture with 2 narrow lateral flaps (Nava et al. 2014). Dorsally, the
gynandromorph of A. mixtum showed the left idiosoma with male characteristics and a right
idiosoma with typical female characteristics. Conversely, the capitulum possessed female

traits at both sides, including a pair of porose areas and equal-sized palps (Fig. 1A, 2A-2B).
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A dorsal midline separated the scutum in the male side, where it covered the alloscutum, and
the female side showed a reduced scutum, typical of females (Fig. 1A, 2A). The scutum of
the specimen showed typical female ornamentation and punctations on the right side, and
typical male ornamentation and punctations on the left side as well (Fig. 1A, 2A). The dorsal
midline ended at the middle of the sixth festoon, which had male and female halves
corresponding to the rest of the dorsal area. A distinct complete lateral groove, typical of A.
mixtum males, was also present at the male half (Fig. 1A, 2A). Ventrally, the results support
those observed at the dorsal view, with a left side that corresponds to the typical male, and a
right side corresponding to female, with the ventral midline extending from the capitulum to
the sixth festoon (Figure 1B, 2C). The spurs on coxae I-I11 were typical of the corresponding
sex on each side; conversely, coxa IV spur is typically male at both sides, corresponding to

a single long, stout, pointed spur (Fig. 1B, 2C-2D).

Fig. 1. (A) Dorsal and (B) Ventral view of Amblyomma mixtum gynandromorph. (cs) coxal
spur, (fe) festoons, (mg) marginal groove, (pal) palps, (scu) scutum.

According to previous definitions of the types of gynandromorphism in ticks (Campana-
Rouget 1959), the gynandromorph of A. mixtum described in this study is classified as a gynander
intriqgué of a protogynander, which means that the external sex-linked features are equally
represented, except for ‘‘islands’’ of male or female chitin embedded in areas of the opposite
sex. In the present specimen, these “islands” are present in the capitulum (mostly of the female
type) at the male side, and at coxa IV of the female side. The most common type of

gynandromorphism is a bipartite protogynander, whereas gynander intriqué is very rare in ticks
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(Labruna et al. 2002; Keskin et al. 2012). Among the genus Amblyomma, the bipartite
protogynander is indeed the most common type of gynandromorphism (Labruna et al. 2002;
Campana-Rouget 1959).

This research represents the first record of a tick gynandromorph in Colombia, and the

first for A. mixtum.

2mm

1mm

Fig. 2. Scanning Electron Microscopy (SEM) of A. mixtum gynandromorph. (A) dorsal view;
(B) dorsal basis capitulum; (C) ventral view; (D) ventral basis capitulum. (a) anal aperture,
(cs) coxal spur, (fe) festoons, (ga) genital aperture, (mg) marginal groove, (h) hypostome,
(pal) palps, (pa) porose area, (scu) scutum, (se) setae.
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4.4. CAPITULO 4

Comparative analysis of germ cells and DNA of the genus Amblyomma:
adding new data on Amblyomma maculatum and Amblyomma ovale species

(Acari: Ixodidae).
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Abstract Among tick species, members of the subfamily
Amblyomminae have received special attention, since they
serve as vectors for pathogens such as Rickettsia spp. and
display cryptic species complexes that make their taxonomical
classification challenging. Amblyomma ovale, Amblyomma
maculatum, and other species of the genus Amblyomma have
shown a long history of taxonomic controversies.
Spermiotaxonomy has proved to be a valuable tool in the
solution of systematic conflicts in Metazoa that can aid mo-
lecular and external morphological analyses in ticks and, over-
all, provide more robust analyses and results. With this in
mind, this study included histological analyses of the repro-
ductive system of the species A. ovale and A. maculatum, as
well as the description of morphohistological characters of the
male reproductive system of ticks of the genus Amblyomma,
in order to evaluate these characters within the current cluster-
ing proposals. In addition, 16S rDNA and COI
(mitochondrial) molecular markers were used to study the
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genetic relationships of the species. The results show that the
tick male reproductive system and its germ cells contain useful
candidate characters for taxonomical analyses of Ixodida.

Keywords Cryptic species - Spermiotaxonomy - Ticks -
Histology - Molecular markers

Introduction

Tick (Ixodidae) systematics has been discussed for decades,
and periodically, the phylogeny of several groups is revisited
through new analytical tools. Among the most known tick
subfamilies, Amblyomminae has received special attention,
since it harbors cryptic species that, until recently, were con-
sidered polymorphic by authors that followed the analyses of
Hoogstraal and Aeschlimann (1982). Some important revi-
sions have been made using molecular and biogeographical
phylogeny techniques such as those developed by Black and
Piesman (1994), Burger et al. (2012), Beati et al. (2013), and
Nava et al. (2014), which confirmed the polyphyletic origin of
the subfamily, its current distribution in the American conti-
nent, and the real taxonomic status of some species of medical
and veterinarian importance, such as the Amblyomma
cajennense sensu lato complex.

The Amblyomma maculatum group includes the following
species: A. maculatum (Koch, 1844); Amblyomma neumanni
(Ribaga, 1902); Amblyomma parvitarsum (Neumann, 1901);
Amblyomma tigrinum (Koch, 1844); and Amblyomma triste
(Koch, 1844) (Camicas et al. 1998). Camicas et al. (1998)
clustered them within the Amblyomma ovale group that in-
cludes A. ovale and Amblyomma aureolatum, in the revisited
version of the subgenus Anastosiella, originally proposed by
Santos Dias (1963).

@ Springer
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The taxa A. maculatum, A. triste, and A. tigrinum were
described as valid species by Koch (1844), based on adult
specimens from the USA, Uruguay, and Brazil, respectively.
However, Neumann (1899) considered that these three taxa
belonged to a single species, namely A. maculatum, which
was adopted by subsequent authors, until the study of Kohls
(1956), who revalidated the three species based on morpho-
logical characters. Since then, although considered to be sep-
arate species, the identification of these tick species has been
controversial, in particular the distinction between
A. maculatum and A. triste (Estrada-Pena et al. 2005;
Guglielmone et al. 2013; Lado 2015; Mendoza Uribe and
Chavez Chorocco 2004; Mertins et al. 2010). Lado (2015),
based on different mitochondrial and nuclear molecular
markers, suggests that A. friste should be synonymized with
A. maculatum.

On the other hand, Amblyomma aureolatum (Pallas, 1772)
and Amblyomma ovale (Koch, 1844) have been described as
the “ovale” complex by Aragdo and da Fonseca (1961). These
authors redescribed the male and female of both tick species,
discussed the systematics, and convincingly supported the use
of the name A. aureolatum and A. ovale (Guglielmone et al.
2003).

Against this backdrop, this study aimed to reanalyze the
systematics and phylogenetic positions of representatives of
Amblyominnae subfamily, including the species A. ovale and
A. maculatum collected in Colombia, adding new data related
to their reproductive system and germ cell morphology given
the association of this species with epidemiological issues and
public health in North and South America (Ferrari et al. 2012;
Guglielmone et al. 2003; Lado et al. 2015; Nava et al. 2008).
Furthermore, this study compiled the results obtained until
now, based on the descriptions by Sampieri et al. (2014,
2016a, b), on the anatomy and morphology of the male tick
reproductive system, mainly the genus Amblyomma with oc-
currence in Brazil and Colombia.

A list of useful characters in taxonomic analyses was ob-
tained from the results generated in these studies adding the
new data obtained here which were contrasted with the mo-
lecular data generated from the analysis of the mtDNA COI
and 16S rDNA gene sequences, in order to confirm if the male
reproductive system and its germ cells are a source of candi-
date characters for tick systematics.

Materials and methods

Study species and molecular evaluation

During the months of August 2014, January and August 2015,
and May 2016, ticks of the species A. ovale and A. maculatum

were directly collected from dogs (Canis familiaris) in the
municipalities of Saldana (3° 55’ 36" N, 74° 58" 33” W) and
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Ibagué (04° 23’ 50" N, 75° 8’ 12" W) in the department of
Tolima, Andean region of Colombia. The ticks were taxonom-
ically identified based on their external morphology, using a
light microscope (Leica M205C stereomicroscope), following
Aragao and da Fonseca (1961), Jones et al. (1972), and
Estrada-Pefia et al. (2005). In addition, specimens from each
species were prepared for scanning electron microscopy
(SEM) (Hitachi Scanning Electron Microscope model
TM3000), according to the techniques described by Corwin
etal. (1979).

Following the morphological identification, a molecular
assessment was performed for the species A. ovale and
A. maculatum, as well as for the species analyzed in terms of
their reproductive system by Sampieri et al. (2014, 2016a, b),
being these: A. aureolatum, A. triste, and Amblyomma
sculptum (Berlese, 1888) (Ixodidae, Amblyomminae). The
species Rhipicephalus sanguineus s.l. (tropical linage) and
Ornithodoros rostratus (Aragdo, 1911) were used as
outgroups I and II, respectively. In the same way, the repro-
ductive system of A. ovale and A. maculatum (Colombia)
were processed and analyzed by histological techniques as
described in Sampieri et al. (2016a, b).

Specimens of each species, A. aureolatum, A. triste,
A. sculptum, A. ovale, A. maculatum, and Rhipicephalus
sanguineus s.1., were individually processed for the molecular
analyses. For this purpose, DNA was extracted using the
DNeasy Blood and Tissue Kit (Qiagen), following the manu-
facturer’s protocol, and tested by two PCR protocols, one
targeting the mitochondrial cytochrome c oxidase subunit I
(COI) gene and the other the 16S rDNA gene. For the COI
gene PCR, we used primers LCO1490 (F) 5-GGTCAACA
AATCATAAAGATATTGG-3 and HCO2198 (R) 5-
TAAACTTCAGGGTGACCAAAAAATCA-3 (Folmer et al.
1994). For the 16S rDNA gene, we used primers F 5'-CTGC
TCAATGATTTTTTAAATTGCTGTGG-3' and R 5-CCGG
TCTGAACTCAGATCAAGT-3' (Norris et al. 1996). In addi-
tion to the Amblyomma species used for the morphological
studies, the species A. cajennense s.s. (Brazil) and A. mixtum
(Colombia) were also amplified, as representatives of the
“cajennense” complex.

The PCR products were visualized on horizontal 1% aga-
rose gels with 1X TBE pH 8.0 running buffer at 110 V/50 mA,
stained with SYBR Safe® dye and photo-documented on a
GelDoc-1t®2310 Imager (UVP). The PCR products were pu-
rified with the QIAquick PCR Purification Kit (Qiagen®),
according to the manufacturer’s instructions, and sent to
Macrogen Inc. (South Korea) for DNA sequencing. The se-
quenced fragments were analyzed and edited using Geneious
Trial v8.14 (Drummond et al. 2009) and Sequencher 4.1
(Gene Codes Corporation, Ann Arbor, Michigan, USA). In
addition, the sequences were searched by MegaBlast against
the public databases and deposited in Genbank and Barcode of
Life Data Systems (BOLD). The sequences for each gene
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were aligned using ClustalW (Thompson et al. 1997), includ-
ed in the program MEGA version 7 (Tamura et al. 2013).
Intraspecific nucleotide divergences were estimated with the
program MEGA, using the Kimura 2 Parameter distance mod-
el (K2P; Kimura 1980). Species confirmation was carried out
through a similarity analysis, based on maximum likelihood
(ML), with the K2P model and 1000 bootstrap replications,
using the program MEGA.

Morphohistology and matrix construction

For this study, we initially used the morphological characters
of the male reproductive system obtained by Sampieri et al.
(2014, 20164a, b). The characters were centered on three rep-
resentative species of the genus Amblyomma: A. aureolatum
(A), A. triste (B), and A. sculptum (C), and the species
Rhipicephalus sanguineus s.l. (tropical lineage) and
Ornithodoros rostratus were used as outgroup 1 (GE1) and
outgroup 2 (GE2), respectively. In addition to the previously
mentioned species, the reproductive system of A. ovale (D)
and A. maculatum (E) were analyzed through histological
techniques. Since these specimens were collected in situ while
feeding on the blood of their natural hosts and their feeding
was interrupted, it was not possible to describe the complete
morphohistology of their reproductive system, given that the
system’s development is directly related to feeding.
Candidate characters with relevant variations were obtain-
ed from the observation of the morphology and
ultramorphology of the male reproductive system of these
species, and were coded based on the character state, such as
apomorphic = 1 and plesiomorphic = 0. Then, a character
matrix containing the taxa, characters, and character state for
each species (0 or 1) was constructed. We determined the
qualitative Jaccard index based on 10 morphological

——

characters (Moreno 2001); furthermore, we used cluster anal-
ysis of the single linkage based on the Jaccard index in order
to compare the segregation pattern of the species included in
the study. The cluster analysis was performed using the soft-
ware PAST 3.11 (Hammer et al. 2001).

This study was submitted and approved by the Ethical
Committee in Animal Use (CEUA) from the Biological
Sciences Institute of UNESP, Rio Claro, SP, Brazil, number
017/2012, Protocol 1422.

Results
Study species and molecular assessment

The morphological analyses showed that the ticks collected
from dogs in Colombia were most similar to A. maculatum, as
indicated by the scutal ornamentation, coxal spur patterns, and
presence of tubercles at the postero-internal angle of all fes-
toons, except for the middle one (Fig. la—c). Although, the
A. maculatum specimens from Colombia typically were
shown to have a pair of stout ventral spurs on the distal ex-
tremity of metatarsi II, I1I, and IV (Fig. 1¢). The determination
of A. ovale was carried out based on the scutal ornamentation
patterns in the females, marginal grooves of the males (incom-
plete in A. aureolatum and complete in A. ovale), and differ-
ences in spurs of coxa I in both sexes.

The molecular analyses of the 403 bp 16S rDNA gene
fragment and 480 bp COI gene fragment showed topological-
ly similar phylogenetic trees (Fig. 2a, b) and allowed a clear
determination of the study species, with the exception of
A. maculatum and A. triste, which showed interspecific genet-
ic distances too small to be considered different species, rang-
ing between 0.0 and 2.1 for 16S and between 0.0 and 5.2 for
COI, with the highest values found for A. maculatum

Fig. 1 A. maculatum specimens from Ibagué- Colombia. a Male dorsal view A. maculatum. b Male ventral view A. maculatutum. ¢ Spines on

metatarsus IV of female A. maculatum
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Fig. 2 a Maximum likelihood
(ML) tree using the sequences of
the mtDNA 16S rDNA gene. b
Maximum likelihood (ML) tree
using the sequences of the mito-
chondrial cytochrome ¢ oxidase
subunit I (COI) gene
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(Tables 1 and 2). These interspecific genetic distances allowed
us to cluster the species belonging to the A. cajennense s.1.,
Amblyomma maculatum, and Amblyomma ovale complexes
(Fig. 2a, b). For the genus Amblyomma, interspecific genetic

distances ranged from 6.1-23.8 for 16S and 16.2-26.9 for
COI, excluding the differences found between A. triste and
A. maculatum, which ranged between 0.3-2.1 and 0.2-5.2
for 16S and COI, respectively (Tables 1, 2).

Table 1 Kimura 2 parameter (K2P) distances (in percentage) for the mtDNA 16S rDNA gene

Tick species A.ovale  A. aureolatum A. maculatum A. triste  A. cajennense s.s. A. mixtum A. sculptum R. sanguineus O. rostratus
A. ovale 0.0-0.9

A. aureolatum 14.6-149 -

A. maculatum 14.6-15.3 12.5-13.9 0.0-2.1

A. triste 15.3-16.0 13.5-14.2 0.3-2.1 0.0-0.9

A. cajennense s.s. 23.4-23.8 18.6 153 15.0-16.0 -

A. mixtum 20.6-22.6 15.3-16.8 13.1-14.9 13.1-15.6 6.1-74 12

A. sculptum 19.0-20.1 15.6 15.3 15.6-16.4 13.2 10.8-12.1 —

R. sanguineus 28.7-29.1 24.5 22.5-23.7 23.3-23.7 26.7 262-27.4 245 -

O. rostratus 34.0-35.0 359 274278 27.8-29.1 384 354-373 327 36.9 -
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Table 2  Kimura 2 parameter (K2P) distances (in percentage) for the mitochondrial cytochrome ¢ oxidase subunit I (COI) gene

Tick species A. ovale A. aureolatum  A. maculatum  A. triste A. cajennense s.s.  A. mixtum  A. sculptum  O. rostratus
A. ovale 0.8-1.7

A. aureolatum 20.4-21.2 0.0

A. maculatum 18.9-21.5  25.1-26.0 0.0-5.2

A. triste 18.9-20.1  25.0-25.7 0.2-5.2 0.2-1.3

A. cajennense s.s.  21.1-21.7  25.7 26.2-26.9 254-26.6 -

A. mixtum 20.0-20.9  23.3-23.6 20.2-21.1 20.2-21.1  16.2-164 0.2

A. sculptum 22.0-223 216 21.4-22.2 21.6-21.9 17.0 169-17.1 -

O. rostratus 28.6-29.2 318 27.7-30.2 29.5-299 328 32.8 27.4 -

Morphohistology

The male reproductive system of A. maculatum and
A. ovale studied here showed a basic morphology similar
to other species of the genus and the family Ixodidae. For
both species, it was not possible to observe if the testicles
were connected to the distal region. However, both spe-
cies showed germ cells organized in packets lined with a
simple epithelium along the testicles up to a certain sper-
miogenesis developmental stage.

Fig. 3 Histological sections of
the Amblyomma maculatum
reproductive system (Ibagué -
Colombia). a—c Testis housing
spermatids I (sp I). Mature sper-
matids (spm) exhibiting a round
operculum (arrow)

In A. maculatum, only two spermatid developmental stages
were observed: (a) the initial developmental stage (sp I),
where no cell limits are evident and the nucleus is round,
occupying most of the cytoplasm (Fig. 3a, b) and (b) mature
spermatids (spm) in the interior of the seminal vesicles that
display clear cell limits, with the central region of the cyto-
plasm enclosing the membranous complex, a filiform, and
extensive nuclear process; caudal region without constriction,
with a round pole; and anterior region with a round rimless
operculum (Fig. 3c).

bl
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In A. ovale, several spermiogenesis stages were observed,
for a total of six morphologically distinct stages. The first
stage displayed an identical morphology to that described
for A. maculatum (Fig. 4a, b). In the second stage (sp II), the
cells begin a hypertrophy process with a cytoplasmic enlarge-
ment and no evident cell limits (Fig. 4c). The spermatid cell
limits were observed only by the third development stage (sp
III), indicating the beginning of formation of membranous
cisternae. In this stage, the nucleus is enlarged and round, with
one of two visible nucleoli, and the presence of cytoplasmic
bridges between cells (Fig. 4d). The most marked

Fig. 4 Histological sections of
the Amblyomma ovale
reproductive system (Saldafia -
Colombia). a Overview of the re-
productive system, highlighting
the accessory glad complex (AG)
and testis (T) housing
spermatocysts and germ cells in
different stages. b—d
Spermatocysts housing sperma-
tids I (sp I), II (sp 1I), and III (sp
I0). e, f Spermatid IV (sp IV) go-
ing through hypertrophy and cis-
ternae formation (arrowhead). g
Spermatid V (sp V) characterized
by the elongation process. h, i
Spermatids VI (sp VI) matured,
highlighting the nuclear process
(np) and the operculum (arrow). j,
k Spermatids undergoing degen-
eration process (DC). cb = cellular
bridges; n = nucleus;

S = singanglium

@ Springer

morphological alterations can be observed at stage IV, in
which cell limit enlargement is evident, the spherical cell
shape becomes amoeboid, the nucleus becomes compact,
and the cytoplasm is very heterogeneous (Fig. 4e, ). The next
stage, sp V, is characterized by cell elongation and membrane
cisternae fusion, as well as a marked condensation and elon-
gation of the nucleus, which at this moment is referred to as
the nuclear process; in addition, there is a total loss of sper-
matocyte organization (Fig. 4g).

The sixth and last stage (sp VI) of spermiogenesis ex-
hibits a typical tick spermatic cell: elongated and filiform,
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with a nuclear process highly stained by hematoxylin and
positioned in the cellular cortex, with a membranous com-
plex in the center of the cytoplasm that longitudinally
crosses the spermatid. Furthermore, sp VI of A. ovale
characteristically shows a cone-shaped operculum with a
rim at its base, evident in histological sections, with a tail-
like non-constricted posterior cell region and cone-shaped
pole (Fig. 4h, i). In A. ovale and A. maculatum, many
degenerating germ cells were observed, which displayed
autophagy and varied apoptosis stages that included apo-
ptotic bodies (Fig. 4j, k).

Character selection for matrix construction

The species O. rostratus (Argasidae), used as outgroup, has
plesiomorphic characters, since it is known that representa-
tives of the family Argasidae show basal characters and it is
likely that the ancestor that gave rise to Ixodidae was similar to
the members of this family. Therefore, the characters chosen
and the stages used in this study were (1) testicle anatomy—

single testicle (0), paired testicles with connection (1), and
individualized paired testicles (1); (2) seminal vesicle—lateral
disposition (0) and dorsal (1); (3) spermatogenesis—finalized
at the immature stage (0) and finalized at the adult stage (1);
(4) cytoplasmic bridges—absent (0) and present (1); (5) nu-
cleus shape and chromatin condensation in the spermatid with
cisternae formation—round with centralized condensed chro-
matin (0) and oval with peripheral condensed chromatin (1);
(6) number of stages of membranous cisternae formation in
spermatids—three (0) and two (1); (7) nuclear process forma-
tion—not evident (0) and evident (1); (8) operculum rim—
present (0) and absent (1); (9) midline constriction of the tail-
like in mature spermatid—presente (0) and ausente (1); and
(10) nucleus shape in mature spermatid—filiform (0) and spi-
ral (1).

The data gathered is included in Table 3, which displays the
following results: (a) characters 1 and 2 are apomorphic for spe-
cies A-E and GEI; (b) character 3 shows a synapomorphy be-
tween all taxa, except for B; (c) characters 4 and 6 cluster species
A-D and GE1; and (d) characters 5, 8, 9, and 10 do not show any
evident clustering and will be discussed below. The qualitative

Table 3 Morphological characters matrix used for evaluation of the male reproductive system of ticks

Character
1 2 3 4 5 6 7 8 9 | 10
A t 1 0 T T T T 0| o T
B 1 1 1 1 1 1 1 0 1
C 1 1 0 1 1 1 1 0 1 0
e}
S
§ D 1 1 0 T 0 1 1 0 1 0
&~
E 1 1 0 - - - 1 1 1 0
GE1 1 1 o (1] [1]]1] 0 1 1
GE2 0 0 0 0 0 0 0 0 0 0
ABCDE | ABCDE | ACDE | ABCD | ABC | ABCD | ABCDE BE CDE AB

GE Grupo Externo, A A. aureolatum, B A. triste, C A. sculptum, D A. ovale, E A. maculatum
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Table 4  Jaccard’s index of similarity—morphological characters used
for evaluation of the male reproductive system of ticks
A B C D E GE1 GE2
1
0.66 1

0.66 0.43 1

0.54 0.33 0.81 1

0.40 0.40 0.75 0.75 1

GE1 0.54 0.54 0.54 0.43 0.55 1

GE2 0.17 0.05 0.17 0.25 0.16 0.11 1

mg QO w >

GE Grupo Externo, A A. aureolatum, B A. triste, C A. sculptum, D
A. ovale, E A. maculatum

Jaccard index showed that the analysis of the 10 morphological
characters allowed to differentiate each of the species studied,
since the similarity coefficient is always less than 1 (Table 4).
The cluster analysis of the single linkage based on the Jaccard
index, in order to compare the segregation pattern of the species
included in the study, clustered the five species of the subfamily
Amblyomminae, excluding the species Rhipicephalus
sanguineus s.1. (tropical lineage) and Ornithodoros rostratus,
used as outgroup 1 (GE1) and outgroup 2 (GE2), respectively
(Fig. 5).

Discussion
The external morphology of A. ovale and A. maculatum

corresponded to that proposed by Aragdo and da Fonseca
(1961), Estrada-Pena et al. (2005) and Jones et al. (1972).

Fig. 5 Cluster analysis of the
single linkage with Jaccard o

Fi'o
Fz'o

The 16S and COI genes analyses confirmed the current taxo-
nomic proposals, supporting the separation of the subfamilies
Amblyominnae and Rhipicephalinae and of the species com-
plex within the genus Amblyomma. The 16S and COI genes
indicate that A. maculatum and A. triste may in fact be a single
species with a wide geographic distribution, as has been pro-
posed by other authors (Estrada-Pefia et al. 2005; Lado 2015).
However, it is noteworthy that the intraspecific genetic dis-
tance of A. maculatum is the highest of all the species studied,
which could indicate that the external morphological evalua-
tion has its limitations, and many individuals that are charac-
terized as A. maculatum can actually correspond to other spe-
cies of the “maculatum” complex. This can only be confirmed
through experimental crosses between species of the complex
from different localities.

The taxonomical analysis performed in this study presents
important information regarding the phylogeny of the ticks of
the genus Amblyomma, which has been the center of constant
controversies and revalidations in the past years. Despite the
evident need for a greater sample size of taxa for the genus, as
well as a broader character selection for cladogram construction,
several homology hypotheses are informative and consistent
with the well-established clusters. The novel aspect of this study
is the implementation of morphological characters not used until
now, in order to understand the relationships between tick spe-
cies. As the studies by Sampieri et al. (2016a, b) have shown,
spermiotaxonomy is a promising tool for separating Ixodida spe-
cies, and their phylogeny can benefit from the information gen-
erated through this analysis and the understanding of tick mor-
phology and ultrastructure of the reproductive system and its
germ cells.
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This species separation is possible by analyzing characters
8,9, and 10 (Table 3), which do not generate plausible clus-
tering hypotheses, since in all three cases, the species
R. sanguineus was clustered with Amblyomma species. For
character 8, A. sculptum, A. ovale, and A. aureolatum were
excluded from the cluster, while for character 9, A. triste and
A. aureolatum were excluded, and for character 10,
A. sculptum, A. ovale, and A. maculatum were not part of
the cluster. In view of this, the three characters (§—presence
of operculum rim, 9—midline constriction of the tail-like re-
gion, 10—nuclear process morphology) can be used together
to analyze the ultramorphology of mature spermatids of each
species and allow their separation, since these characters,
along with operculum shape (unique to each species studied
to date), can aid in confirming two or more closely related
species. This information allows us to suggest that
A. maculatum (Colombia) and A. triste (Brazil), belonging to
the “maculatum” complex in the Americas, are representa-
tives of different species, according to our morphohistological
study (Similarity 0.4) (Table 4); however, these results must
be complemented with studies at the ultrastructural level.

Characters 1 and 2 cluster taxa A—E and GEI, thereby
clustering all of the species of the genus Amblyomma and
R. sanguineus and suggesting that these are a synapomorphy
of the family Ixodidae. In a similar manner, the homology
proposed by characters 4 and 6 most likely clusters this family,
since they only exclude taxon E (due to the lack of information
on these characters for this taxon). In the case of character 3,
the only species excluded from the cluster is A. #riste, which is
questionable whether this character is eligible for this type of
analysis. An incorrect interpretation of the studies of Sampieri
et al. (2016b) could have occurred regarding the presence of
spermatocytes Il in cell division in adults of A. #riste (which is
why we concluded that the first analysis of character 3 was not
eligible for cladistic analysis). Character 5 suggests an im-
probable clustering and could have been observed from mor-
phological differences generated from technical artifacts.

Character 7 suggests an interesting clustering, since taxa
A-E are included, and it shows the formation of a nuclear
process that could probably be a synapomorphy of the sub-
family Amblyomminae. In this analysis, the characters ob-
served from previously published studies and the data present-
ed herein show the relevance of identifying novel characters
for research in taxonomy and phylogeny, since family- and
subfamily-level clustering is possible in these cases and, in
the same way, the separation of cryptic species can be
complemented with this information (Table 4) and cluster
characters (1, 2, 7-10) (Fig. 5).

For a spermiotaxonomy robust analysis, a wide sampling
and experimentation is required, but still can be a useful tool in
solving problems of this nature when DNA analysis is ambig-
uous or not conclusive, as in the case of the comparison be-
tween A. maculatum and A. triste.

Although this is a preliminary study, the data obtained indicate
that the morphology and ultrastructure of the male reproductive
system in ticks can generate eligible characters for establishing
homology hypotheses and cladistic studies. A robust phylogeny
for Ixodida can be constructed through detailed studies of these
characters, making use mainly of ultrastructural analyses and
relating ticks with other Parasitiformes with widely studied re-
productive systems and spermatozoids, thus contributing to an
integrative taxonomy of this group.
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4.5. CAPITULO 5

Rickettsial infection in ticks (Acari: Ixodidae) of domestic animals in

Colombia.
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Abstract

Currently, rickettsiosis is an emerging or re-emerging disease, with a worldwide distribution
associated to transmission by vector arthropods. Rickettsia species belong to the spotted fever
group (SFG) and are transmitted by hard-bodied ticks (Acari: Ixodidae) that act as vectors
and reservoirs. In Colombia, little is known of the role of each species of the family Ixodidae
in rickettsial circulation and transmission. We carried out molecular detection and
characterization of Rickettsia species from 204 specimens of the family Ixodidae (7 species),
collected from domestic hosts during active feeding. Sampling took place in 17
municipalities of 10 departments of Colombia, from August 2014 to May 2016. We
performed PCR amplification of fragments of the citrate synthase “gltA” gene and outer
membrane protein “ompA” gene. Of the 204 samples analyzed, 11.3% (23) were positive for
rickettsial infection. We found three Rickettsia species belonging to the spotted fever group,
constituting the first reports of Rickettsia rickettsii in various departments. Furthermore, we

found the first presence of Candidatus Rickettsia andeanae in the Colombian territory, a
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species with an unknown pathogenic role for man. These results raise awareness regarding
the need to increase epidemiological control measures, as well as to consider new endemic

regions in Colombia for Rocky Mountain Spotted Fever (RMSF).

Keywords: Spotted Fever, Candidatus Rickettsia andeanae, endemic region, Rickettsia

rickettsii.

Introduction

The genus Rickettsia encompasses strict intracellular bacteria that are transmitted by
arthropods and mainly infect endothelial cells (Walker, 1982; Oteo et al., 2014). The genus
is divided into four large groups: the typhus group (TG), the spotted fever group (SFG), the
transitional group (TRG) and the ancestral group (AG) (Londofio et al., 2017). Rodents and
ticks are the main reservoirs of rickettsias; the latter become contaminated by ingestion of
the bacteria during feeding on the infected host, or through transovarial or trans-stage

transmission (Soares et al., 2012).

The first reported outbreak of tick-borne rickettsiosis in Colombia occurred between
1934 and 1936 in the municipality of Tobia, department of Cundinamarca; thus its name
“Tobia spotted fever” for Colombia, which corresponded to Rocky Mountain Spotted Fever
(RMSF), caused by Rickettsia rickettsii. This disease affected 20% of the population and led
to the death of 62 out of 65 patients registered (Patifio, 1941; Patifio et al., 1937). Following
a prolonged epidemiological silence, in 2003 and 2004, Hidalgo et al. (2007a) confirmed R.
rickettsii as the causal agent of the death of two patients in the same region of Cundinamarca.
Recently, three important SFG rickettsiosis outbreaks have occurred in Colombia, all caused
by R. rickettsii: Necocli - Antioquia (2006), with five patients deceased out of 14 registered
cases (Acosta et al., 2006); Los Cordobas — Cérdoba (2007), with 11 confirmed cases and
the death of six patients (Hidalgo et al., 2007b), and Turbo — Antioquia (2008), with four

patients deceased out of 15 reported cases (Pacheco et al., 2008).

Faccini-Martinez et al. (2015) isolated R. rickettsii and molecularly detected
Rickettsia amblyommii from Amblyomma patinoi in the department of Cundinamarca

(Faccini-Martinez et al., 2016). Londofio et al. (2014) registered specimens of Amblyomma
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ovale in the departments of Antioquia and Cdrdoba, infested by Rickettsia sp. strain Atlantic
rainforest, which has shown to be pathogenic to humans. Gomez-Quintero et al. (2017)
registered a probable case of rickettsial infection by a member of the SFG in a patient of the
same region of the Colombian Orinoquia where Rivera et al. (2016) found the presence of

Amblyomma mixtum, a proven vector of R. rickettsii.

In this context and considering the medical importance of the different species of the
genus Rickettsia, the aim of this study was to detect and molecularly characterize Rickettsia
species associated with hard-bodied ticks, collected from domestic hosts in various

departments of the Colombian territory.

Materials and Methods

From August 2014 to May 2016, hard-bodied ticks (Acari: Ixodidae) were directly
collected from domestic hosts during active feeding. Overall, 204 tick specimens were
obtained, belonging to seven species of the family Ixodidae (Table 1). The specimens
corresponded to 197 adults and 7 nymphs, collected from the following domestic hosts: cattle
(Bos taurus), domestic dogs (Canis lupus familiaris), horses (Equus caballus), donkeys
(Equus asinus), and one domestic pig (Sus scrofa), in addition to two tick samples collected
from the vegetation, in 17 municipalities of 10 departments of Colombia. Voucher tick
specimens were deposited at the following Brazilian tick collection: “Cole¢ao Nacional de
Carrapatos Danilo Gongalves Saraiva” (University of Sao Paulo, Sdo Paulo, Brazil).

For the molecular detection and analysis of Rickettsia species, ticks were individually
submitted to DNA extraction, using the DNeasy Blood and Tissue kit (Qiagen, Chatsworth,
California), following the manufacturer’s protocol. Extracted DNA samples were tested by
PCR, using primers CS-78 and CS-323, targeting a ~401-bp fragment of the citrate synthase
gene (gltA) for presumably all Rickettsia species (Labruna et al., 2004). This gene fragment
is conserved among species of the spotted fever group (SFG), but is variable among species
not belonging to the SFG. To avoid false negatives, the positive and negative samples for
gltA were further tested by another PCR protocol, using primers Rr190.70p and Rr190.602n,
targeting a ~530-bp fragment of the 190-kDa outer membrane protein gene (ompA), present

only in SFG Rickettsia species (Regnery et al., 1991). In each set of reactions, negative
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control tubes containing water and a positive control tube containing DNA of Rickettsia
parkeri strain NOD were included.

PCR products were purified with the QIAquick PCR purification kit (Qiagen) and
sent to the Universidad de los Andes (Bogota-Colombia) for DNA sequencing. The gltA and
ompA gene sequences were analyzed using Basic Local Alignment Search Tool (BLAST;
Altschul et al., 1990) to determine the closest similarities with other Rickettsia species.
Species confirmation was carried out through a similarity analysis among gene ompA, based
on Maximum Likelihood (ML), with K2P substitution model and 1,000 bootstrap

replications, using the program MEGA version 7 (Tamura et al., 2013).

Table 1. Hard-bodied tick species and specimens analyzed in this study.

Tick species Number of Municipality
specimens/Stage
A. dissimile 1 Nymph Yopal.
A. maculatum 19 Adults Ibagué; Saldafia; Norcasia.
A. mixtum 51 Adults/2 Nymphs Arauca; Neira; Nunchia; Yopal; S. J. de Arama.
A. ovale 10 Adults Ibagué; Saldafa.
D. nitens 33 Adults Leticia; Arauca; San Jacinto; Nunchia; Yopal; Ibagué.
R. microplus 34 Adults/2 Nymphs Leticia; Arauca; Fortul; Saravena; San Jacinto; S. J. de

Arama; Ibagué; Restrepo.
R. sanguineus s. I. 49 Adults/3 Nymphs Leticia; Medellin; Arauca; Saravena; Dorada; Yopal,
Puerto Salgar; Ibagué; Saldafa; Cali; Restrepo.
Total : 204

Results

We found 23 tick specimens positive for rickettsial infection (11.3%), from a total
of 204 tick specimens comprising seven species tested by PCR for rickettsial infection (Table
2). Three rickettsial agents were detected (Fig. 1): R. rickettsii in A. mixtum (11 infected/53
tested; 20.7% infection rate); Candidatus Rickettsia andeanae in Rhipicephalus sanguineus
sensu lato (2/52; 3.8%), A. ovale (4/10; 40%) and A. maculatum (3/19; 15.8%); and Rickettsia
sp. strain Colombianensi in A. mixtum (2/53; 3.8%) and Amblyomma dissimile (1/1; 100%).
The three species belong to the spotted fever group (Table 2).
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Fig.1. New registers of Rickettsia species. (+) First reported outbreak of a tick-borne
rickettsiosis in Colombia (Tobia-Cundinamarca) - Rickettsia rickettsii.

Rickettsia rickettsii [MF423445] (Amblyomma mixtum-Nunchia-Casanare-Colombia)
R. rickettsii [MF428446] (A. mixtum-Arauca-Arauca-Colombia)

100 |R. rickettsii [MF428447] (A. mixtum-Yopal-Casanare-Colombia)

R rickettsii [KJ735645] Colombia

R. rickettsii [KX544816] Costa Rica

100 R. rickettsii [KJ588070] Brazil

Rickettsia parkeri strain Mecocli [KJ158741] Colombia

R parkeri [KX506779] Argentina

Candidatus Rickettsia andeanae [MF428449] (A. macwlatum-lbague-Tolima-Colombia)
Candidatus R. andeanae [MF428448] (Rhipicephalus sanguineus-Leticia-Amazonas-Colombia)
Candidatus R. andeanae [MF428450] (Amblyomima ovale-lbague-Tolima-Colombia)

100 | Candidatus R. andeanae [KF179352] Paraguay
Candidatus R. andeanae [KX434737] Brazil
Candidatus R. andeanae [KX158267.J] USA

‘Rickensia sp. strain Colombianensi [MF428452] (A. mixtum?-Yopal-Casanare-Colombia)

R. sp. strain Colombianensi [MF428451] (A. mixtem1-Yopal-Casanare-Colombia)
R. sp. strain Colombianensi [MF428453] (Amblyomma dissimile-Yopal-Casanare-Colombia)
100 ‘Fz‘. sp. strain Colombianensi [KFE31749] Colombia

R. sp. strain Colombianensi [KP835794] Honduras

—

0,02

Fig.2. Maximum Likelihood (ML) tree using sequences of the 190-kDa outer membrane
protein gene (ompA) present only in SFG Rickettsia species. Rickettsia species present in
hard-bodied ticks (Acari: Ixodidae) from various regions of Colombia.
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Table 2. Results of molecular identification of rickettsiae - infected ticks from domestic
animals in Colombia.

Department Municipality Host Tick species No. Closest GenBank identity (gene:
(number of infected/No. accession number)
specimens/stage) tested (%)
Amazonas Leticia Bos taurus R. microplus 0/14 (0)
(14/Adults)
B. taurus - D. nitens (4/Adults) 0/4 (0)
Equus
caballus
Canis lupus R. sanguineus s. I. 2/6 (33.3) 100% Candidatus R. andeanae
familiaris (6/Adults) [ompA: KX158267]
Antioquia Medellin C. lupus R. sanguineus s. I. 0/2 (0)
familiaris (2/Adults)
Arauca Arauca E. caballus - D. nitens (15/Adults) 0/15 (0)
B. Taurus -
Sus scrofa
E. caballus - A. mixtum (23/Adults) 6/23 (26.1) 100% Rickettsia rickettsii
B. taurus- [ompA: KJ735645]
E. caballus - R. sanguineus s. |. 0/5 (0)
C. lupus (5/Adults)
familiaris
B. taurus R microplus 0/2 (0)
(2/Adults)
Fortul B. taurus R. microplus 0/2 (0)
(2/Adults)
Saravena B. Taurus - R. microplus 0/5 (0)
C. lupus (3/Adults; 2 Nymps)
familiaris
C. lupus R. sanguineus s. I. 0/2 (0)
familiaris (2/Adults)
Bolivar San Jacinto E. caballus- D. nitens (4/Adults) 0/4 (0)
Equus asinus
E. asinus R. microplus 0/1 (0)
(1/Adults)
Caldas Dorada C. lupus R. sanguineus s. I. 0/2 (0)
familiaris (2/Adults)
Neira B. taurus A. mixtum (5/Adults) 0/5 (0)
Norcasia C. lupus A. maculatum 0/2 (0)
familiaris (2/Adults)
Casanare Nunchia E. caballus - A. mixtum (12/Adults) 3/12 (25) 100% Rickettsia rickettsii
B. taurus - [ompA: KJ735645]
Vegetation
E. caballus D. nitens (2/Adults) 0/2 (0)
Yopal C. lupus R. sanguineus s. I. 0/6 (0)
familiaris - (6/Adults)
E. caballus
E. caballus D. nitens (4/Adults) 0/4 (0)
E. caballus - A. mixtum (10/Adults) 2/10 (20) 100% Rickettsia rickettsii
E. asinus [ompA: KJ735645]
Vegetation A. mixtum (2/Nymps) 2/2 (100) Rickettsia sp. strain Colombianensi
100% [ompA: KF691749]
Vegetation A. dissimile 1/1 (100) Rickettsia sp. strain Colombianensi
(1/Nymps) 100% [ompA: KF691749]
Cundinamarca Puerto C. lupus R. sanguineus s. I. 0/2 (0)
Salgar familiaris (2/Adults)
Meta S.J.de B. taurus A. mixtum (1/Adults) 0/1 (0)
Arama
B. taurus R. microplus 0/2 (0)
(2/Adults)
Tolima Ibagué B. taurus R. microplus 0/7 (0)
(7/Adults)
B. taurus- R. sanguineus s. I. 0/12 (0)
C. lupus (12/Adults)
familiaris
C. lupus A. maculatum 3/3 (100) 100% Candidatus R. andeanae
familiaris (3/Adults) [ompA: KX158267]
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C. lupus A. ovale (8/Adults) 4/8 (50) 100% Candidatus R. andeanae
familiaris [ompA: KX158267]
E. caballus - D. nitens (4/Adults) 0/4 (0)
E. asinus
Saldafia C. lupus R. sanguineus s. I. 0/8 (0)
familiaris (8/Adults)
C. lupus A. maculatum 0/14 (0)
familiaris (14/Adults)
C. lupus A. ovale (2/Adults) 0/2 (0)
familiaris
Valle del Cali C. lupus R. sanguineus s. I. 0/5 (0)
Cauca familiaris (2/Adults; 3 Nymps)
Restrepo C. lupus R. sanguineus s. I. 0/2 (0)
familiaris (2/Adults)
B. taurus R. microplus 0/3 (0)
(3/Adults)
Total: 204 (196 23/204 (11.3)

Adults; 8 Nymphs)

The partial gene sequences for gltA and ompA of R. rickettsii, Candidatus Rickettsia
andeanae and Rickettsia sp. strain Colombianensi were both 100% identical to the
corresponding sequences available for each species in Genbank (Table 2, Fig. 2). GenBank
nucleotide sequence accession numbers for the partial sequences generated in the present
study are [MF428454-MF428463] for the gltA gene, and [MF428445-MF428453] for the

ompA gene.

Discussion

This study demonstrated the presence of three Rickettsia species of the SFG, based
on PCR amplification of gltA and ompA gene fragments, in six municipalities of four
departments of Colombia (Fig. 1): R. rickettsii, in Arauca (Arauca), Yopal and Nunchia
(Casanare); Candidatus R. andeanae, in Leticia (Amazonas) and lIbagué (Tolima); and
Rickettsia sp. strain Colombianensi, in Yopal, (Casanare).

In Colombia, R. rickettsii has been the only species of the SFG identified in human
cases as well as in A. patinoi ticks (Patifio et al., 1937; Faccini-Martinez et al., 2015).
Furthermore, the central (department of Cundinamarca) and northwestern (departments of
Cordoba and Antioquia) regions of Colombia have constituted the two known endemic
regions for rickettsiosis (Acosta et al. 2006; Hidalgo et al. 2007a, 2011). In this study, we
provide the first reported presence of R. rickettsii, the etiological agent of the most severe
spotted fever in the world, in three municipalities of three departments. In the municipalities
of Arauca (Arauca), Yopal and Nunchia (Casanare), we found the presence of R. rickettsii in

A. mixtum, the second species of the Amblyomma cajennense complex recently registered for
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Colombia (Rivera et al., 2016) and a proven vector for R. rickettsii. Serological studies in
human and animals conducted in the Colombian Orinoquia (departments of Arauca,
Casanare, Guaviare, Meta, and Vichada) showed a high seroprevalence against SFGR
(Miranda et al., 2011; Riveros-Pinilla et al., 2015) and, recently, Gémez-Quintero et al.
(2017) reported a probable case of infection by a Rickettsia species of the SFG. Overall, we
propose that the molecular confirmation of R. rickettsii in three municipalities of the
Orinoquia provide clear evidence that this region must be considered the third endemic region

for rickettsiosis in Colombia.

We present the first register for Colombia of Candidatus R. andeanae, in R.
sanguineus s. I. in Leticia (Amazonas), as well as in A. ovale and A. maculatum in Ibagué
(Tolima). This Rickettsia species has been registered in Brazil, Peru, Argentina, USA, Chile
and Paraguay, and its role as a human pathogen is unknown (Ferrari et al., 2013; Witter et
al., 2016). However, the study of this species is relevant, since Paddock et al. (2015) reported
that a high prevalence of Candidatus Rickettsia andeanae leads presumably to the exclusion
of R. parkeri in adult A. maculatum in Kansas and Oklahoma (USA), an event that could be
occurring in the populations of A. maculatum analyzed herein, where all ticks studied were

adults.

Rickettsia sp. strain Colombianensi was typed by Miranda et al. 2012, in A. dissimile
and Rhipicephalus microplus on iguanas in Monteria (Colombia); however, there has been
no evidence suggesting that this Rickettsia species is transmissible to humans (Miranda and
Mattar, 2014). Here, we report the first register of Rickettsia sp. strain Colombianensi for the
species A. mixtum, as well as the first report of infection for A. dissimile in the department of
Casanare. These findings raise the need for studies addressing the possible pathogenic

potential of this Rickettsia species.
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5. Considerac6es Finais e Conclusdes

Atualmente muitos problemas na taxonomia de carrapatos tem origem em grande
parte devido a um numero cada vez mais comprovado de espécies cripticas ou

pseudocripticas, que atuam como vetores de um grande nimero de rickettsias.

No presente estudo que levou em consideracdo a estreita interacdo entre vetor e
patdgeno, levantou-se dados referentes a identificacdo de espécies de carrapatos duros e sua
contaminacédo por bactérias do género Rickettsia, bem como a sua distribuicdo geografica e
as relacdes carrapato/hospedeiros/patdgenos. Ressalte-se que na Colémbia os estudos que
visam contribuir para o melhor entendimento das questdes taxonémicas, assim como das

relacOes entre carrapatos e patdgenos sao ainda muitos escassos e fragmentados.

Os dados obtidos no presente estudo resultaram do uso de diferentes ferramentas, tais
como histologia, de ultramorfologia (MEV) e da aplicacdo de marcadores moleculares, o que
permitiu comprovar a presenca de oito espécies de carrapatos duros, considerados os
principais vetores e reservatorios de bactérias do género das rickettsias, patdgenos
responsaveis pela transmissdo das febres manchadas (GFM), consideradas de grande

importancia médica e veterinaria.

Foi aqui comprovado pela primeira vez a presenca da espécie Amblyomma mixtum
para a Colémbia. O complexo A. cajennense s.l. que é composto por seis espécies, tem
distribuicdo desde a Argentina até os EUA. Amblyomma cajennense s.l. especificamente é
considerado o principal vetor de R. rickettsi para humanos nas Américas, sendo trés de suas
espécies vetoras de R. rickettsi (A. mixtum, A. patinoi e A. sculptum), as duas primeiras
ocorrendo também na Colémbia. Assim, o0 estudo da espécie A. mixtum torna-se de grande
importancia na epidemiologia das rickettsioses devido ao deslocamento e a colonizagéo desta

espécie de carrapato, também devido as mudancas climaticas e a intervencdo antropica.

Outro resultado interessante que foi obtido no presente estudo foi a
variabilidade morfoldgica e molecular encontrada entre os carrapatos duros das populagdes
amostradas, caso do ginandromorfo de A. mixtum, inclusive caracterizado como o primeiro
registro para a espécie. Além deste intrigante registro, encontrou-se variagdes morfoldgicas

entre as populagdes de R. sanguineus do departamento do Casanare e as demais populagdes
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da Coldmbia, principalmente nas fémeas; os resultados moleculares sugeriram mistura de
populagdes, demonstrada pelas sequéncias do ITS2, ou ainda, a inclusdo de todas as

populagdes na “linhagem tropical” através do gene 16S.

Dados semelhantes foram observados na populacdo de D. nitens oriunda da cidade de
Leticia, cujas variacbes morfoldgicas ndo foram tdo marcantes, porém, os genes 16S e COI
apresentaram uma distancia genética maior do que a esperada entre os individuos
pertencentes a uma mesma espécie. Esses dados enfatizaram a necessidade de se dar
continuidade aos estudos destas duas espécies na Coldmbia, fazendo inclusive uma
abordagem de cruzamentos entre individuos de populagdes distintas, com o intuito de se
determinar se tais variagcdes seriam apenas plasticidade intraespecifica, ou se de fato seriam
um complexo de espécies, como foi o caso de outros representantes de Ixodidae ja

registrados.

No mesmo contexto, fez-se apontamentos também quanto as controvérsias diante do
complexo A. maculatum. Foram encontrados alguns exemplares na Colémbia que pareceram
estar mais relacionados com A. maculatum de outros paises da América, enquanto outros a
espécie A. triste. As distancias genéticas foram significativas para considera-los como
individuos de uma mesma espécie, mas em outros casos estas diferencas foram muito
pequenas para se considerar que A. maculatum seria uma espécie diferente de A. triste. As
andlises histologicas das células germinativas dos machos mostraram, no entanto, que
existem sim diferencas marcantes quando sdo comparadas as espécies de A. triste do Brasil

e A. maculatum da Colémbia, sugerindo tratarem-se de espécies distintas.

O registro da ocorréncia de trés espécies de rickettsias, entre elas a R. rickettsi, veio
contribuir com o conhecimento da circulagéo e transmissdo das rickettsioses na Colémbia.
Ficou aqui demonstrada que as duas regides endémicas, previamente relatadas para
rickettsioses na Coldmbia (regido central “Cundinamarca” e regido noroeste “Cordoboa e
Antioquia”), (ACOSTA et al., 2006; HIDALGO et al., (2007a, 2007b); PACHECO et al.,
2008; PATINO et al., 1937), devem agregar-se a regido da Orinoquia, por sua grande
prevaléncia de vetores do género Amblyomma, incluindo a ocorréncia de A. mixtum. Nestas
regibes, comprovou-se a presenca de R. rickettsi, infectando A. mixtum, e ainda nesta fez-se

necessario um estudo mais detalhado, sobre a patogenicidade do vetor.
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Da mesma forma, pode-se concluir a necessidade de se continuar as investigacdes
com foco em outras duas espécies de rickettsias registradas no presente trabalho: Candidatus
Rickettsia andeanae (primeiro registro para a Coldémbia) e Rickettsia sp. strain
Colombianensi, ambas ainda sem comprovacéo de patogenicidade para humanos. Nos EUA
ja houve registros que mostraram Candidatus Rickettsia andeanae e Rickettsia parkeri,
infectando adultos de A. maculatum simultaneamente, e ainda relatos de que a presenca da
ultima seria inibida pela presenca da primeira.

Desta forma os resultados aqui apresentados, vieram alertar na Colémbia a
necessidade do apoio governamental em pesquisas que tenham como objetivo fornecer
informacgdes que auxiliem na busca de medidas epidemioldgicas nos estados colombianos
amostrados, salientando-se que a regido da Orinoquia, ja pode ser considerada a terceira
regido endémica para rickettsioses. Além disso deve-se levar em consideracdo a necessidade
de um acompanhamento da ocorréncia de A. mixtum nesta e em outras regides da Colémbia,
devido ao grande fluxo comercial de bovinos, ndo so6 entre os estados deste pais, mas também
entre diferentes paises, como no caso da Venezuela.
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