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1 | INTRODUCTION

Ticks represent a major threat to production, domestic, and wild ani-
mals worldwide due to their obligate blood feeding habit, irritation,
pruritus, skin inflammation, self-wounding, stress, allergic responses,
and pathogen transmission (Wall & Shearer, 2001). A range of
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Abstract

Rickettsial infection in dog-associated ticks in three rural communities of Yucatan,
Mexico was investigated using qPCR and nested PCR assays. A total of 319 dogs
were studied and ticks samples were collected. A total of 170 dogs were infested
with ticks (frequency of 53.4%). Overall, 1,380 ticks representing seven species were
collected: Amblyomma mixtum, A. ovale, A. parvum, A. cf. oblongoguttatum, Ixodes dffi-
nis, Rhipicephalus microplus, and R. sanguineus sensu lato. The most abundant species
was R. sanguineus s.|. with a mean intensity of 7.4 ticks/host. Dogs in the communi-
ties of Chan San Antonio and Yaxcheku were 2.84 and 2.41 times more likely to be
infected with R. sanguineus compared with Sucopo (p < 0.05). Adult pools of A. mix-
tum, A. parvum, |. dffinis, R. microplus, and A. c.f. oblongoguttatum were negative to
E. chaffeensis, E. ewingii, A. phagocytophilum, and R. rickettsii. However, pools of
R. sanguineus s.lI. adults and A. ovale adults, as well as nymphs of Amblyomma spp.
were positive to E. canis. Sequencing analysis of the nested PCR products amplifying
the 16S rRNA gene fragment of E. canis confirmed the results and revealed 100%
identity with sequences of E. canis. This is the first report worldwide of E. canis
infection in A. ovale by PCR. This finding does not necessarily indicate that A. ovale
is a competent vector of E. canis because pathogen transmission of this specific tick
to a naive dog remains to be documented. This study documented that different tick
species parasitize dogs in Yucatan, Mexico, where R. sanguineus s.l., A. ovale, and
nymphs of Amblyomma spp. were shown to be infected with E. canis. These findings
highlight the need for control strategies against tick infestations in dogs to prevent
the risk of tick-borne disease transmission among companion animal and probably

human populations.
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viruses, protozoa, and bacteria causing tick-borne diseases (TBDs)
induces economic losses in livestock production, and health of com-
panion animals (Rodriguez-Vivas et al., 2016).

The increasing incidence of TBDs among companion animals and
humans has been attributed to several factors, including climate
change, habitat disruption, urbanization, socioeconomic situation,
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changes in human behaviour, and increased number of wildlife hosts,
which may together favour the spreading and establishment of
selected tick species into some areas (Dantas-Torres, 2015).

In Mexico, ~100 tick species belonging to the Ixodidae and
Argasidae families (Pérez, Guzman-Cornejo, Montiel-Parra, Paredes-
Ledn, & Rivas, 2014) are estimated to infest animals and human and
several species are capable of transmitting zoonotic pathogens (Solis-
Hernandez, Rodriguez-Vivas, Pérez-Barrera, Esteve-Gassent, &
Apanaskevich, 2015). Many tick species are known or potential vec-
tors of infectious agents that are pathogenic to human and dogs. In
Yucatan, Mexico, the most common tick species infesting dogs
reported to date are Rhipicephalus sanguineus sensu lato, Amblyomma
mixtum, A. sabanerae, A. parvum, A. ovale, A. auricularium, A. macula-
tum, Ixodes near dffinis, and Dermacentor nitens (Rodriguez-Vivas et
al., 2016; Solis-Hernandez et al., 2015).

Important endemic tick-borne pathogens infecting dogs in Yuca-
tan, Mexico include Babesia canis (Rodriguez, Dominguez, & Cob,
2000), Ehrlichia canis (Pat-Nah, Rodriguez-Vivas, Bolio-Gonzalez,
Villegas-Perez, & Reyes—-Novelo, 2015; Rodriguez-Vivas, Albornoz-Riv-
ero, & Bolio-Gonzalez, 2005), Borrelia burgdorferi s.l. (Solis-Hernandez,
Rodriguez-Vivas, Esteve-Gassent, & Villegas-Pérez, 2018), Rickettsia
akari (Zavala-Castro, Zavala-Velazquez, del Rosario Garcia, Ledn, &
Dzul-Rosado, 2009), and R. typhi (Martinez-Ortiz et al., 2016). While
most of the studies carried out on ticks infesting dogs in Yucatan have
focused on R. sanguineus s.l. from urban areas (Rodriguez et al., 2000),
there is limited reliable information on the diversity of ticks infesting
dogs in rural communities and the pathogens they can transmit. To fill
this knowledge gap, this study aimed to investigate the pathogens
infecting ticks infesting dogs to evaluate the current risk of zoonotic
infection in this group of companion animals living in rural communi-

ties of Yucatan, Mexico.

2 | MATERIALS AND METHODS

2.1 | Study area and sampling

The study was carried out in three rural communities of Yucatan
state in Mexico. The studied rural communities were Chan San Anto-
nio (21°21'66”"N and 88°25'00), Sucopo (21°9'0”"N and 88°4'0”0),
and Yaxcheku (21°12'26” N y 87°55'59”0) (Instituto Nacional de
Estadistica, Geografia e Informatica, Censo General de Poblacién y
Vivienda, INEGI, 2010). These rural communities are located in the
municipality of Tizimin, which is in region of Yucatan with a climate
that is hot and subhumid with summer rains. The mean annual tem-
perature is 25.4°C, and the area receives 1,167 mm of precipitation
annually. In Chan San Antonio, there are 436 residents living in 98
houses. Seventy-five per cent of the households in this community
have concrete floor. In Sucopo, there are 1,403 residents living in
309 houses (INEGI, 2010). Eighty-nine per cent of the households in
this community have concrete floor. In Yaxcheku, there are 274 resi-
dents living in 63 houses (Instituto Nacional de Estadistica, Geografia
e Informatica, Censo General de Poblacién y Vivienda (INEGI), 2010).
Eighty per cent of the households in this community have concrete
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floor (Instituto Nacional de Estadistica, Geografia e Informatica,
Censo General de Poblacién y Vivienda (INEGI), 2010).

In Chan San Antonio, Sucopo, and Yaxcheku, 69, 96, and 49
homes reporting ownership of at least one dog, respectively, were
selected for convenience to enroll in this study. Each community
was divided into four quadrants taken as reference the main streets
crossing the towns south to north and from east to west. In each
quadrant, 12-24 homes were selected for dog sampling. Each of the
selected households was visited from June 2016 to April 2017. A
total of 319 dogs were inspected and ticks samples were collected

when infestation was detected.

2.2 | Tick collection and identification

All dogs from the selected households were inspected for ticks in
the larval, nymphal, and adult stages. The inspection consisted of
examining each dog for a period of 10-15 min to collect tick sam-
ples on the animal. Samples were collected with minimum stress to
the dogs following current regulations for animal handling and sam-
ple collection in Mexico (NOM-062-Z00-1999) and with the own-
ers present. Ticks were manually removed with the aid of fine-point
forceps as close to the dog's skin as possible without compromising
the ticks’ mouthparts (Gammon & Salam, 2002). All ticks were trans-
ferred to 50 ml vials with ethanol 70%. Specimens were taken to
the Parasitology Laboratory at the Campus of Ciencias Bioldgicas y
Agropecuarias of Universidad Auténoma of Yucatan (CCBA-UADY)
for taxonomic classification to species level, accomplished with the
aid of the taxonomic keys (Guzman-Cornejo, Robbins, Guglielmone,
Montiel-Parra, & Pérez, 2011), and morphological comparison with
available images. Identified specimens were deposited at the Para-
sitology Laboratory, CCBA-UADY. To follow the taxonomic criteria
proposed by Nava et al. (2014) for designed as Amblyomma mixtum
within the Amblyomma cajennense species group, and the proposal of
Lopes et al. (2016) to denominated Amblyomma cf. oblongoguttatum,

as a tentative different species to A. oblongoguttatum from Brazil.

2.3 | Tick DNA extraction

For molecular diagnosis of rickettsial agents present in the ticks per
infested dog, a pool was made with ticks of the same genus (2-8
nymphs) and the same species (1-4 adults), so that a total of 277
pools were made. DNA was extracted from ticks using a commercial
kit (DNeasy Blood & Tissue Kit, QIAGEN, USA.). Prior to tick DNA
extraction, ticks were transferred to prechilled 1.5-ml tubes. Liquid
nitrogen-cooled disposable pellet pestles for 1.5-ml centrifuge tubes
were used to grind each tick against the tube walls for 30 s. DNA
samples were aliquoted into two groups for separate molecular anal-

ysis in two research centres.

24 | Polymerase Chain Reaction (PCR) procedures

The samples were initially screened for the Anaplasmataceae taxon
by the proprietary TickPath Layerplex (gqPCR) at Texas A&M
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University (https://tvmdl.tamu.edu/tests/tickpath—layerplex—qpcr/) to
amplify a fragment of the 16S rRNA gene of E. canis, E. chaffeensis,
and E. ewingii, a fragment of the msp2 gene of A. phagocytophilum,
and a fragment of Rhhyp gene of R. rickettsii (hypothetical protein
A1G_04230).

Positive samples in the TickPath Layerplex were then analysed
by nested PCR in the molecular biology laboratory at the Campus of
Biological and Agricultural Sciences of the Autonomous University of
Yucatan. Fragments of the 16S rRNA and ompB genes were amplified
in the nested PCR to detect Ehrlichia/Anaplasma (Massung et al.,
1998; Murphy, Ewing, Whitworth, Fox, & Kocan, 1998) and Rick-
ettsia spp. (Choi et al., 2005) respectively. External primers to distin-
guish genus, and internal ones to distinguish species were used.
Primers, target gene, and conditions of the nested PCR used are
mentioned in Table 1. E. canis, E. chaffeensis, A. phagocytophilum, and
R. coronii plasmids were used as positive controls and nuclease—free
water as a negative control.

All studies conducted at Texas A&M University were per-
formed under biosafety level 2 conditions as permitted by the
Institutional Biosafety Comittee (IBC-2013-039 and IBC-2016-
051). Permits by the US Center for Disease Control and Preven-
tion (CDC permit #2015-05-071) and US Department of Agricul-
ture Animal and Plant Health Inspection Services (USDA APHIS
VS permit #128538) allowed the importation of samples from
Mexico for testing in the US.

2.5 | Sequencing and phylogenetic analysis

One adult pool of A. ovale, one adult pool of R. sanguineus s.l.,
and one nymph pool of Amblyomma spp. positives to a fragment
of the 165 rRNA of E. canis were sequenced. Products were puri-
fied using E.Z.N.A.® gel Extraction Kit (Omega Bio-tek, Inc, Nor-
cross, Georgia, USA) and sequenced in the laboratory DIMYGEN®
(Mérida, Yucatan, México; http://www.dimygen.com/). The result-
ing sequences were compared to sequences of E. canis deposited
in GenBank® by using BLAST (http://www.ncbi.nlm.nih.gov/blast).
Nucleotide sequences were edited and aligned using Mega 7.0
(Kumar, Stecher, & Tamura, 2015) software packages. The Kimura
2-parameter model was selected as the best-fit model using Model
Test implemented in Mega 7.0 (Kumar et al, 2015). Maximum
likelihood phylogenetic trees were constructed using Mega 7.0
(Kumar et al., 2015) with nodal support being assessed by 10,000
bootstrap. All sequences generated in this study were deposited
in GenBank®.

2.6 | Questionnaire and statistical analysis

A questionnaire was submitted to each dog owner to obtain infor-
mation about general ectoparasite control practices, communities,
and season of the year. Infestation frequency was expressed as a
percentage calculated with the formula: number of dogs infested
with ticks/the number of examined dogs x100%. Infestation intensity
for each tick species was calculated with the following formula: total

number of a tick species/number of infested dogs with the same
species.

For tick associated factors, dogs infested with R. sanguineus s.l.
were considered as dependent variable. General ectoparasite con-
trol practices (yes, no), communities (Chan San Antonio, Sucopo,
and Yaxcheku), and season of the year (dry and rainy) were con-
sidered as independent variables. A univariate X2 analysis was
used as a primary screening of exposure variables using the Statis-
tix software, version 9. All variables with p < 0.20 were analysed
by a multivariate analysis (logistic-binomial regression model of
fixed effects) using the SPSS program version 18.0 for Windows,
which provides exact regression estimates, 95% confidence inter-
vals, odds ratio (OR-a measure of association that quantifies the
relationship between the exposure variables and outcomes), and p-
values (regression coefficient). We considered a p-value <0.05 as

statistically significant.

3 | RESULTS

Three-hundred and nineteen dogs from three rural communities of
Yucatan were inspected for tick collection. A total of 172 dogs were
parasitized by ticks, which vyielded an infestation frequency of
53.9%. The tick species collected from the dogs and their frequency
are listed in Table 2. Overall, 1,380 individuals belonging to three
genera and seven species were collected: Amblyomma mixtum, A.
ovale, A. parvum, A. cf. oblongoguttatum, suggested by Lopes et al.
(2016) to be different from A. oblongoguttatum from Brazil, Ixodes
affinis, Rhipicephalus microplus, and R. sanguineus s.l. The most com-
mon tick species infesting dogs was R. sanguineus s.l. with frequen-
cies of 48.4%, 27.1%, and 46.3%, and intensity of 9.8, 7.6, and 4.9
in the communities Chan San Antonio, Sucopo and Yaxcheku respec-
tively (Tables 2 and 3).

Univariate analysis identified community and season (p < 0.2) as
the variables that needed to be included in the multivariate analysis.
Results of the logistic regression analysis are shown in Table 4. Dogs
in Chan San Antonio and Yaxcheku were 2.84 and 2.41 (OR value;
p =0.000 and p =0.004 respectively) times more likely to be
infested with R. sanguineus s.l. than in Sucopo.

To determine the rickettsial agents present in the ticks per
infested dog, a pool was made with ticks of the same genus (2-8
nymphs), and the same species (1-4 adults). This approach yielded a
total of 277 pools. Using gPCR analysis, 6.1% tick pools were posi-
tive for E. canis (17/277). None of the tick pools were positive for
E. chaffeensis, E. ewingii, A. phagocytophilum, or R. rickettsii.

The 17 E. canis tick pools positive by qPCR were also positive in
the nested PCR. Eleven pools of adult R. sanguineus s.l. (7.7%), four
of A. ovale adult (12.9%), and two of Amblyomma spp. nymphs (4.4%)
were positive for E. canis.

Sequencing the nested PCR products of the 16S rRNA gene frag-
ment of E. canis of the three positive pools confirmed the results
and showed 100% identity with strain YZ-1 from China
(CP025749.1), TWN1 (EU106856.1) from Taiwan and Jake from
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TABLE 1 Tick-borne rickettsiae tested, primers, target gene, and conditions of nested PCR used in this study

L WILEY-

Primer Pathogen Primer sequency Name of primer (Reference) PCR condition
External Ehrlichia spp. 5’-agaacgaacgctggcggcaagec-3’ ECC Murphy et al. (1998)
5'-cgtattaccgcggctgcetgge-3’ ECB
Murphy et al. (1998)
Internal Ehrlichia canis 5'-caattatttatagcctctggctataggaa-3’ ECAN5 Murphy et al. (1998)
5'- tataggtaccgtcattatcttccctat-3’ HE-3
Murphy et al. (1998)
Ehrlichia chaffeensis 5'-caattgcttataaccttttggttataaat-3’ HE1 Wen et al. (1997)
5'- tataggtaccgtcattatcttccctat-3’ HE3
Murphy et al. (1998)
Ehrlichia ewingii 5’-cgaacaattcctaaatagtctctgac-3’ EE52 Kocan et al. (2000)
5'-tataggtaccgtcattatcttccctat-3’ HE3
Murphy et al. (1998)
External Anaplasma spp. 5’-cacatgcaagtcgaacggattattc-3’ Ge3a Massung et al. (1998)
5'-ttccgttaagaaggatctaatctcc-3’ GelOr
Massung et al. (1998)
Internal Anaplasma phagocytophilum 5’-aacggattattctttatagcttgct-3’ Ge9f Massung et al. (1998)
5'-ggcagtattaaaagcagctccagg-3’ Ge2
Massung et al. (1998)
External Rickettsia spp. 5'-gtaaccggaagtaatcgtttcgtaa-3’ ompB-OF Choi et al. (2005)
5’-gctttataaccagctaaaccacc-3’ ompB-OR
Choi et al. (2005)
Internal Rickettsia spp. 5'-gtttaatacgtgctgctaaccaa-3’ ompB SFG Choi et al. (2005)
5'- ggtttggcccatataccataag-3’ opmB SFG/TG

USA (CP000107.1), and isolate 1576.2 from Mexico (MG029083).
The phylogenetic tree of E. canis was inferred based on the 16S
rRNA sequences obtained in this study and compared with Ehrlichia
chaffeensis strain Arkansas (NR_074500.2); Cowdria (Ehrlichia) rumi-
nantium (X61659.1) and Anaplasma phagocytophilum str. JM
(CP006617.1) (Figure 1).

Nucleotide sequences obtained in this study for the E. canis 16S
rRNA gene fragment were deposited in the GenBank database. They
can be retrieved using these acccesion numbers: MH374120,
MH374121, and MH374122.

4 | DISCUSSION

Data from this study showed that dogs in rural communities of Tiz-
imin municipality from Yucatan, Mexico are hosts of different tick
species, which can be infected with zoonotic rickettsiae pathogenic
to companion animals and humans. A relatively high frequency of
tick infestation was observed in the dogs sampled (53.9%). Similar
infestation rates have been reported in Brazil (58.5%, Dantas-Torres,
Melo, Figueredo, & Brandao-Filho, 2009; 75.3%, Szabd, de Souza,
Olegario, Ferreira, & de Albuquerque Pajuaba Neto, 2010), Nigeria
(47.0%, Adamu, Adamu, & Salisu, 2012), and other areas of Mexico
(59.5%, Tinoco-Gracia et al., 2009; 71;.5%, Galaviz-Silva, Pérez-Tre-
vifo, & Molina-Garza, 2013).

The seven tick species found infesting dogs in rural communities
of Yucatan include A. mixtum, A. ovale, A. parvum, |. dffinis,

Choi et al. (2005)

R. microplus, R. sanguineus s.l. and A. c.f. oblongoguttatum. With the
exception of A. oblongoguttatum, these tick species have been
reported to parasitize dogs in Mexico. Infestations with adults of A.
oblongoguttatum have been reported on a variety of wild and domes-
tic animals. Common vertebrate hosts parasitized by this tick species
include Artiodactyla (Tayassuidae, Suidae, Cervidae), Perissodactyla
(Tapiridae and Equidae), and Carnivora (mostly Canidae and Felidae)
(Martins, Luz, Faccini, & Labruna, 2017).

In Mexico, A. oblongoguttatum infestations had been reported in
cattle, deer (Odocoileus virginianus and Mazama americana), peccary
(Pecari tajacu and Tayassu pecari), and tapir (Tapirus bairdii) (Guzman-
Cornejo et al., 2011). To our knowledge, this is the first report of
A. oblongoguttatum infesting dogs from Mexico. This is a tick of pub-
lic health importance. In its adult stage, A. oblongoguttatum is one of
most frequent human-biting ticks in the Amazon biome of Brazil
(Labruna et al., 2005; Martins et al., 2017).

Rhipicephalus sanguineus s.l. is the most common tick infesting
dogs in Mexico (Cruz-Vazquez & Garcia-Vazquez, 1999; Rodriguez-
Vivas et al., 2016). This tick species exhibits various disease agent
vectoring capacity, hosts, environmental relationships and aggres-
siveness towards humans throughout the world (Dantas-Torres,
2010). Recently, Villarreal, Stephenson, & Foley, (2018) studied
R. sanguineus near the Mexico-U.S. border and phylogenetic analysis
showed that in the Mexican border (Mexicali) and western Mexico
(Oaxaca) the tropical lineages was present, while the temperate lin-
eage was dispersed in California and eastern Arizona, U.S. Moraes-
Filho, Krawczak, Costa, Soares, and Labruna (2015) experimentally
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TABLE 2 Number and frequency of tick species collected from dogs in rural communities of Tizimin municipality in Yucatan state, Mexico

Specie ticks

R. sanguineus s.I.
R. microplus

A. mixtum

A. ovale

A. parvum

A. cf.
oblongoguttatum

Amblyomma spp.
I. affinis
295 studied dogs.

5127 studied dogs.
€97 studied dogs.

Communities

a, b, c = literals shown statistical differences.

Specie ticks

R. sanguineus s.l.
R. microplus

A. mixtum

A. ovale

A. parvum

A. cf.
oblongoguttatum

Amblyomma spp.

I. affinis

R.: Rhipicephalus; A.: Amblyomma; |.:

Factor

Rural community
Sucopo?
Yaxcheku

Chan San
Antonio

Season

a

Dry

Chan San Antonio® Sucopo® Yaxcheku® Total
Dogs with Frequency Dogs with Frequency Dogs with Frequency Total dogs with Frequency
ticks % ticks % ticks % ticks %
46 48.4a 35 27.1a 44 46.3a 125 39.1%
2 2.1c 1 0.7b - - 3 0.9c
20 21.0b 5.7b 19 19.7b 46 14.4b
5 5.2c 7.0b 15 15.7b 29 9.11bc
- - - - 1 1.0c 1 0.3c
1 1.0c 1 0.7b 7 7.3c 9 2.8c
17 17.8b 12 9.3b 14 14.7b 43 13.5b
- - - - 6 6.3c 6 1.8c
R.: Rhipicephalus; A.: Amblyomma; |.: Ixodes; -: no cases; s.l.: sensu lato,
" TABLE 3 Intensity and range of tick
Communities . L
infestation in dogs from three rural
Chan San communities of Tizimin municipality in
Antonio Sucopo Yaxcheku Total Yucatan, Mexico
Intensity Range Intensity Range Intensity Range Intensity Range
9.8 1-83 7.6 1-37 4.9 1-17 74 1-83
1 NA 1 - - - 1 1
1.8 1-6 21 1-7 1.3 1-3 17 1-7
1.4 1-2 1.8 1-5 1.3 1-4 1.5 1-4
- - - - 1 NA 1 NA
1 NA 1 NA 1.7 1-3 1.2 1-3
6.3 125 22 1-5 104 198 6.3 1-14
_ - - - 1.5 14 15 1-4
Ixodes; -: no cases; NA: not applicable; s.I. sensu lato.
o .
Total tested No. Odds p- TI'(\jBLEf: Pre'vatlencel (f);;);dsfratlo,
dogs Positive Frequency ratio Cl 95% value an' Fon ldence in e.rva a o7 0 L
Rhipicephalus sanguineus s.l. infestation in
dogs from three rural communities of
127 35 27.55 1 Tizimin municipality in Yucatan, Mexico
97 45 46.36 241 1.32-4.41 0.004
95 49 51.57 2.84 1.59-5.06 0.000
148 54 36.48 1
171 75 43.85 1.33 0.82-2.14 0.242

Rain

2Used as a reference, Cl 95%: confidence interval at 95%.

demonstrated that tropical lineage of R. sanguineus are vectors of E.
canis, while that temperate lineage were not. Further studies are
required to know if the R. sanguineus tick population from Yucatan is

similar to the one associated with Rocky Mountain Spotted Fever
that recently re-emerged in the Mexico-U.S. (Alvarez-Hernandez et
al., 2017).
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Ehrlichia canis str. Jake (CP000107.1) USA

Ehrlichia canis isolate 1576.2 (MG029083); Mexico

Ehriichia canis str. TWN1 (EU106856.1); Taiwan

Ehrlichia canis str. YZ-1 (CP025749.1), China

Ehriichia canis TizYuc_Rhipicephalus sanguineus s.I. (MH374120) Mexico

Ehrlichia canis TizYuc_Amblyomma ovale (MH374121) Mexico

Ehrlichia canis TizYuc_Amblyomma spp. (MH374122) Mexico

Ehrlichia chaffeensis str. Arkansas (NR_074500.2) USA

Cowdria ruminantium (X61659.1); Zimbabwe

Anaplasma phagocytophilum str. JM (CP006617.1) USA

0.0050

FIGURE 1 Phylogenetic trees based on the partial 16S rRNA sequences of E. canis isolates. Accession numbers for E. canis isolates and
other sequences of E. chaffeensis, Cowdria (Ehrlichia) ruminantium, and A. phagocytophilum are given in parentheses. The scale bar indicates the

number of substitutions per nucleotide position

Dogs can represent a model of tick-borne disease in humans. Sev-
eral tick species that parasitize dogs in Mexico, including R. sanguineus
s.l.,, can also bite humans, which represents a pathway for the proba-
ble transmission of zoonotic tick-borne pathogens from companion
animals to humans (Rodriguez-Vivas et al., 2016). Data presented here
indicate that the interaction of R. sanguineus s.I. with humans in rural
communities studied of Yucatan warrants further investigations.

Previous findings bear relevance to the relatively high frequency
of R. sanguineus s.l. in dogs from Yucatan (Solis-Hernandez et al.,
2018). Dogs apparently lack the ability to acquire protective immu-
nity against that ectoparasite (Szabo, Mukai, Rosa, & Bechara, 1995).
R. sanguineus s.l. prefers the domestic dog as a host for all stages of
development and has a high reproductive potential. Under warm
subhumid climatic conditions in Mexico, Cruz-Vazquez and Garcia-
Vazquez (1999) reported that R. sanguineus s.l. has the potential to
complete at least 2.5 generations per year.

Here, we report a mean intensity of 7.4 (range 1-83) for R. san-
guineus s.l. infestations in dogs. Similar results of 3.8, 5.4, and 7.8
R. sanguineus s.l. per dog have been reported in north-western Georgia
(United States) (Goldberg & Recha, 2002), north-eastern Brazil (Dan-
tas-Torres et al., 2009), and south-eastern Brazil (Soares et al., 2006)
respectively. The prevalence and intensity of R. sanguineus s.l. in dogs
varies according to diverse factors such as host living conditions, sea-
son of the year, dog population density, and the proportion of dogs
treated with ectoparasiticides or tick repellents within a population,
age, and breed (Dantas-Torres, 2010). However, in some rural areas,
R. sanguineus s.I. may be absent and dogs can be infested by other tick

species including Amblyomma mixtum, A. sabanerae, A. parvum, A.
ovale, A. auricularium, A. maculatum, Ixodes near affinis, and Dermacen-
tor nitens (Rodriguez-Vivas et al., 2016; Solis-Hernandez et al., 2015).

In this study, A. mixtum and A. ovale presented intensities of 1.7
and 1.5 respectively. Jones, Clifford, Keirans, and Kohls (1972) stated
that rodents appear to be the preferential hosts for immature stages
of A. ovale. However, Guglielmone et al. (2003) found that the great
majority of adult specimens (84.3%) were found on Carnivora. Males
and females of this tick species occasionally infest domestic animals,
such as dogs, and man. In a previous study conducted in Nuevo
Leon, Mexico, Galaviz-Silva et al. (2013) reported a A. mixtum inten-
sity of 0.18 in dogs, which is lower than what we detected in Yuca-
tan. Amblyomma mixtum is an eclectic feeder and is recognized as a
serious pest of wildlife, livestock and humans. The adults usually
feed on equids, cattle and dogs but the immature stages have also
been found on several rodent species (Almazan, Tipacamu, Rodri-
guez, Mosqueda, & Perez de Leon, 2018; Estrada-Pefa, Guglielmone,
& Mangold, 2004; Pifa et al., 2017).

Dogs in Chan San Antonio and Yaxcheku were 2.84 and 2.41 times
more likely to become infected with R. sanguineus s.I. than dogs in
Sucopo. The poor environmental sanitation prevailing in rural commu-
nities of Yucatan likely contributes to the high survival and propaga-
tion of this tick species among dogs. Chan San Antonio and Yaxcheku
are rural communities with reduced incomes, decreased number of
household dogs, as well as reduced number of houses with cemented
floors, which are factors that could also favour the proliferation of this
tick species in both communities. Demma et al. (2005) and Parola et al.
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(2008) mentioned that R. sanguineus s.l. exhibits behaviour that can be
classified as nidicolous, e.g., inhabiting burrows, artificial shelters,
between rocks and crevices, etc., and seeking harbourage, i.e., seques-
tered in the immediate vicinity of host dwellings.

None of the studied pools of adult ticks were positive for E. chaf-
feensis, E. ewingii, A. phagocytophilum, or R. rickettsii. These tick-borne
pathogens can infect a wide range of vertebrate hosts including humans
(Atif, 2015; Yabsley, 2010). Their ecology involves hard ticks (Ixodidae)
as vectors, wildlife and domestic animals, and human as hosts (Atif,
2015). In Mexico, cases of human ehrlichiosis and infection of E. chaf-
feensis in R. sanguineus s.l. and Amblyomma mixtum have been docu-
mented (Gongodra-Biachi, Zavala-Velazquez, Castro-Sansores, &
Gonzalez-Martinez, 1999; Sosa-Gutiérrez, Vargas, Torres, & Gordillo-
Perez, 2014; Sosa-Gutierrez et al., 2016), as well as A. phagocytophilum
in opossums and dogs (Rojero-Vazquez, Gordillo-Pérez, & Weber,
2017). Further studies are needed to ascertain the presence of these
pathogens in dogs, wildlife, and their tick vectors in Yucatan, Mexico.

Pools of R. sanguineus s.l. adults, A. ovale adults, and Amblyomma
spp. nymphs were positive for E. canis. Canine monocitic ehrlichiosis
is endemic to Yucatan, Mexico, largely because regional climate con-
ditions in this tropical zone provide an adequate environment for its
main tick vector, R. sanguineus s.l. (Rodriguez-Vivas et al., 2016). The
presence of E. canis in dogs by blood smear visualization, molecular
detection of the 16s rRNA gene, as well as serology have all been
reported previously in Yucatan (Pat-Nah et al., 2015; Rodriguez-
Vivas et al., 2005). Reports of the prevalence of E. canis in R. san-
guineus s.l. can range from 18.5% in Mexico (Pat-Nah et al., 2015),
to ~21% in Cameroon and Brazil (Ndip et al., 2007; Souza et al.,
2010), to 27% in Ivory Coast (Socolovschi et al., 2012). These find-
ings highlight the importance R. sanguineus s.l. as a vector of E. canis
in dogs worldwide, including Yucatan in Mexico.

Human infection by E. canis or novel genotype of E. canis has
been reported in Venezuela (Perez, Rikihisa, & Wen, 1996), Costa
Rica (Bouza-Mora et al., 2017), and Mexico (Silva et al., 2014). The
presence of E. canis in human blood samples in Latinoamerica may
be a result of the high prevalence of the agent in canines and the
ticks they host (Bouza-Mora et al., 2017), which increases the likeli-
hood of human exposure to infected ticks. In this context, tick con-
trol on dogs is critical to prevent human infection (Barrantes-
Gonzalez, Jiménez-Rocha, Romero-Zufiga, & Dolz, 2016). Further
field surveillance for infected ticks and reservoir hosts is required to
shed light on human and animal risk to tick-borne disease exposure.

Tick species in the genus Amblyomma (i.e., A. americanum) have
been incriminated as vectors of E. ewingii in dogs (Murphy et al.,
1998). In our study, two pools of Amblyomma spp. nymphs (4.4%), and
four of A. ovale (12.9%) were positive for E. canis. To our knowledge,
this is the first report worldwide of A. ovale infection with E. canis.
Amblyomma ovale is the vector of R. belli and R. parkeri strain in the
Atlantic rain forest of Brazil (Sabatini, Pinter, Nieri-Bastos, Marcili, &
Labruna, 2010). In Belize, Lopes et al. (2016) collected ticks from wild
animals and reported R. parkeri strain Atlantic rain forest in A. ovale.
Since A. ovale ticks were collected directly from dogs, our results for
E. canis could have originated from infected blood ingested by these

ticks. Further studies are required to confirm the role of Amblyomma
species, and especially A. ovale, as vectors of E. canis able to transmit

this pathogen to dogs and humans in Yucatan, Mexico.

5 | CONCLUSIONS

We documented that ticks infesting dogs in rural communities of
Yucatan, Mexico are infected with tick-borne rickettsia. Molecular
assays showed that R. sanguineus s.l., A. ovale, and nymphs of Ambly-
omma spp. were positive for E. canis, which is known to cause disease
in dogs and probably infection in humans. The infection of A. ovale
with E. canis is reported here for the first time. Our findings highlight
the need to control tick infestations in dogs that can also mitigate the
risk of tick-borne disease transmission among companion animal and

humans living in rural communities of Yucatan, Mexico.
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