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Abstract

Rickettsia species are bacteria that may cause multiple diseases in animals and humans,
via transmission through multiple arthropod vectors. Routine surveillance of Rickettsia
spp. within vectors is critical to determine their presence and risk to mammalian hosts
within human populations. Therefore, to better characterize the circulating Rickettsia spe-
cies in an understudied region we targeted pet dogs to survey. Ticks were collected from
pet dogs in three populations of the Yucatan where we tested for the presence of Rickettsia
spp. by PCR in metagenomic DNA. In these ticks removed from pet dogs we detected
Rickettsia amblyommatis and Rickettsia bellii in Amblyomma auriculatum, Amblyomma
ovale and Amblyomma mixtum ticks obtained in a rural community in the Mexican state of
Yucatan. This is the first report detecting both species for this state in Mexico, underpin-
ning the importance of more routine surveillance.
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Introduction

Rickettsia spp. are obligate intracellular bacteria, many of which are the causative agents of
zoonotic diseases around the world. These bacteria are usually transmitted to humans and
animals through the bite of infected arthropod vectors (ticks, fleas, mites, and lice) or via
infectious products such as flea dirt. Some of the known diseases caused by Rickettsia spp.
include Rocky Mountains spotted fever (RMSF), murine typhus fever (MTF), epidemic
typhus fever (ETF), and scrub typhus fever (STF). Such diseases cause a myriad of adverse
clinical outcomes and fatal complications, reaching a case-fatality rate (CFR) ranging from
8 to 10%, but even going to 30% among children and other vulnerable individuals. Such
CFR are mainly associated with the delay (>5 days after onset of symptoms) of the specific
antibiotic (i.e., doxycycline), particularly for RMSF (Buckingham et al. 2007; Nogueira
Angerami et al. 2009; Alvarez-Hernandez et al. 2015; Alvarez-Lopez et al. 2021). Stray
and house dogs and cats play a significant role in transmitting these diseases, as fleas and
ticks infest them, and have been proved to be a problem in Mexico (Alvarez-Hernandez et
al., 2020). In addition to dogs and cats, other small mammals (e.g., Didelphis virginiana,
known as tlacuaches in many Mexican regions) may host various species of Rickettsia and
vectors of Rickettsia (Peniche-Lara et al. 2014; Charles et al. 2021; Lugo-Caballero et al.
2021; Salceda-Sanchez et al. 2023; Sanchez-Montes et al. 2023), but it is unknown if wild-
life experiences negative health outcomes when infected with Rickettsia species. In human
landscapes where there is also a lot of wildlife in addition to stray dogs and cats, humans
and domestic animals are at high risk of exposure to Rickettsia due to the vector population
blood feeding on both wildlife (such as opossums and capybaras) and domestic hosts (i.e.,
cats and dogs) (Miranda et al. 2017; Salceda-Sanchez et al. 2023; Premaratna 2022).

In Mexico, it is mandatory to report detected rickettsiosis to the health authorities, but
this is not always the case as its diagnosis is mainly centralized in Mexico City making it
difficult and expensive to perform the tests. A 2021 report from InDRE (National Diag-
nosis and Reference Laboratory) shows that this disease has a 0.0969 mortality rate (per
100,000 people) in Mexico and that Sonora (a state in the northwest part of the country)
has the highest mortality rate in the country (186 per 100,000 people) (Direccion General
de Epidemiologia, 2021). In Yucatan, five Rickettsia species have been reported in humans:
Rickettsia felis, Rickettsia rickettsii, Rickettsia typhi, Rickettsia akari and Rickettsia parkeri
(Peniche-Lara et al. 2015; Martinez-Ortiz et al. 2016; Ulloa-Garcia et al. 2020; Torres-
Castro et al. 2022a, b; Peniche-Lara and Lara-Perera 2022). The cat flea (Ctenocephalides
felis) and R. felis have been documented in both home courtyards and pet animals in the
Yucatan (Peniche-Lara et al. 2015). In the above-mentioned epidemiology report, Yucatan
has a mortality rate similar to the national average (0.09 per 100,000 people) suggesting that
this is not an important health issue though this might be a misconception (Direccion Gen-
eral de Epidemiologia, 2021). Historically throughout Mexico several species of hard ticks
have been known vectors of Rickettsia spp., such as Amblyomma cajennense (Peniche-Lara
et al. 2014), Amblyomma mixtum (Peniche-Lara et al. 2018; Martinez-Ortiz et al. 2019),
Rhipicephalus sanguineus sensu lato (Peniche-Lara et al. 2018; Martinez-Ortiz et al. 2019),
Amblyomma imitator, Amblyomma aureolatum, Dermacentor andersoni, and Dermacentor
variabilis; these tick species have also been reported as transmitting Rickettsia rickettsii to
domestic animals, wild animals, and humans (Rodriguez Vivas et al. 2019).
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The Yucatan Peninsula located in the southeast of Mexico, is a geographic region with
a warm sub-humid tropical climate, and is made up of three states: Campeche, Quintana
Roo and Yucatan. The climate, together with wildlife and the fact that many poor persons
live in isolated rural and peri-urban populations increase the chances of these people to get
in contact and be parasitized by arthropods that can transmit diseases. Moreover, infected
people with symptoms have a hard time to get to hospitals or clinics to get proper attention.
In this sense, reports describing the multiple tick species and the bacteria colonizing them
are in need to know the circulating pathogens in these areas.

Dogs function as effective sentinels to detect circulation of several species of rickett-
siae and some other epidemiologically important tick-borne pathogens (e.g., Ehrlichia spp.,
Anaplasma spp., Babesia spp.) (Ortufio et al. 2009; Salomon et al. 2022; Torres-Castro et
al. 2022). Because dogs and humans exist in the same landscapes, similar pathogen preva-
lences of dogs can be detected via serological and molecular tests. For example, simulta-
neous cases of infection have been documented in dogs and people living together in the
same household (Arroyo-Ramirez et al. 2022). Therefore, human populations that live in
close contact with high dog populations are at a higher risk of Rickettsia spp. infections
(Martinez-Ortiz et al. 2019; Salomon et al. 2022; Torres-Castro et al. 2022).

Currently, many diseases including vector-borne diseases are shifting their frequency and
distribution to peri-urban and non-endemic areas as a result of global factors such as: glo-
balization, land use changes (e.g., urban sprawl, destruction of wildlife habitats, agriculture
expansion), parasites evolution of antibiotic resistance, privatization of public health ser-
vices, and finally environmental changes such as global warming (Cortés 2010; Caminade
etal. 2019; Swei et al. 2020). Therefore, more epidemiological surveys in humans, domestic
and wild animals should be performed on a regular basis to understand the distribution of
ectoparasites and the pathogens present in them.

The aim of this survey was to identify Rickettsia spp. in metagenomic DNA from ticks
collected from pet dogs in the southern region of Mérida city, and two other populations in
the southeastern region of the Yucatan. This region currently lacks any routine surveillance
of Rickettsia spp. within arthropod vectors or sylvatic hosts but has reported human cases
(Peniche-Lara and Lara-Perera 2022), the results from this survey will establish a base-
line of pathogen prevalence and present tick species, which will strengthen public health
response and instigate further research.

Materials and methods
Collection of ticks

Adult hard ticks were collected from 27 pet dogs in three regions in the Mexican state of
Yucatan (Fig. 1): the Dzununcan population is part of the Merida municipality (20°53°37.5"N,
89°39°23.1"W), and despite its nearness to the capitol city (Merida city) it is a poor semi-
rural population (2,380 persons by the 2020 national census) where people is partially dedi-
cated to growing crops but mostly work in the city, therefore we classified it as peri-urban;
the Chenché de las Torres population is part of the Temax municipality (21°07°49.1"N,
88°58°56.2"W) (257 persons by the 2020 national census) and the Cholul population is
part of the Cantamayec municipality (20°26°34.6"N, 89°09°16.9"W) (462 persons by the
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Fig. 1 Location of the communities where the ticks were collected from pet dogs. A) Map of Yucatan
(south-east Mexico) showing the approximate location of each population: Merida (1), Temax (2) and
Cantamayec (3) municipalities. The figure is an original map from INEGI, (with public domain map data
from INEGI https://www.inegi.org.mx/app/mapas/) (accessed on March 27, 2023) and modified with
Microsoft PowerPoint. Pictures shown are representatives of Dzununcan (1), Chenché (2) and Cholul (3)

2020 national census), both populations are isolated, poor and rural. These populations were
selected by convenience as follows: Chenché and Cholul were chosen because three of the
authors (G.C. Reyes-Solis, A.E. Cano-Ravell, and C. Machain-Williams) have social, health
and community projects and ticks are a main concern for the residents who asked them to
do a deeper search into this issue; Dzununcan was selected because these authors also have
an educational program at a local high school and, again, they were asked to look into the
arthropod problem.

Dogs’ enrollment included a verbal consent from the owners. Out of the 27 dogs, only
two (nos. 7 and 14) made regular visits to the veterinarian and had a few vaccines, but none
of them received treatment against fleas or ticks. Collections were done between September
of 2018 and June of 2019 because during these periods the projects mentioned above were
done. Each dog was examined following the specifications described by Peniche-Lara et al.
(2014); briefly, only ticks were removed with entomological forceps and ticks were depos-
ited in 15-mL tubes containing 5 mL of 70% ethanol duly labeled and stored in a cooler
containing ice packs and ice to preserve them and for transferring them to our laboratory.
Finally, the ticks were stored in an ultra-freezer at -70 °C.

Tick identification by morphological and molecular methods

All the ticks were observed under an SZM-LED2 Optika stereomicroscope with magni-
fication up to 90x. The dichotomous keys by Brinton and Beck (1963), Keirans and Lit-
wak (1989) and Guzman-Cornejo et al. (2011) were used for morphological identification.
Molecular identification was performed only to those ticks with a positive PCR for Rickett-
sia spp. as described in the following sections.
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DNA isolation

Ticks were frozen overnight at -70 °C and thawed at room temperature, placed individually
in sterile 1.5-mL microtubes. DNA was isolated from individual ticks by salt extraction as
described by Black and DuTeau (1997) and suspended in 200 pL of TE buffer (10 mM Tris-
HCI, 1 mM EDTA, pH 8.0). DNA concentration and purity was assessed for each sample
by using a Nanodrop. In order to determine that the purified DNA was suitable for a PCR,
amplification of an internal 200-bp fragment of the gene coding for the bacterial 16 S TRNA
was done as a control for each sample as described in the following section.

PCR amplification

For the molecular characterization of ticks, PCR targeting the 16S+1 gene on metagenomic
DNA was performed with ticks that were positive for the Rickettsia detection by PCR.
PCR reactions were done by using the primers 16s+1 (5’-CTGCTCAATGATTTTTTA-
AATTGC-3’) and 16s-1 (5’-CCGGTCTGAACTCAGATCATGTA-3’), the enzyme used
was DreamTaq Green PCR Master Mix (2x) (Thermo Scientific) and using amplification
conditions as previously described (Black and Piesman 1994; Bermudez et al. 2017). As
positive control we used metagenomic DNA from Ornithodoros turicatae used for another
project (Vazquez-Guerrero et al., in preparation) and as a negative control we used bac-
terial DNA isolated from Escherichia coli DH10B. Amplicons with the expected size
of 475 bp were observed in a 1.5% agarose gel; then, these fragments were purified and
sequenced using both primers at Macrogen (https://dna.macrogen.com/) to yield a 2x cov-
erage. Sequences were trimmed and assembled with ChromasPro (Technelysium) (https://
technelysium.com.au/wp/chromaspro/). Assembled sequences obtained were compared
with available sequences in GenBank using BlastN (https://blast.ncbi.nlm.nih.gov). We
used a criterion of 100% query cover and the species was considered with a minimum or
98% for ticks.

Tick metagenomic DNA samples were used to perform two PCR assays for bacte-
ria and the pathogen detection. The latter was to ensure the DNA extraction of bacterial
DNA. Amplification of bacterial DNA used a 200-bp fragment using primers Eub338F
(5’-ACTCCTACGGGAGGCAGCAG-3’) and Eub5I8R (5’- ATTACCGCGGCT-
GCTGG-3) (Guo et al. 2008). Cycling conditions used were as described by Guo et al.
(2008) and the PCR reagents used were DreamTaq Green PCR Master Mix (2X) (Thermo
Scientific). To amplify Rickettsia spp. specifically, we targeted a 374 bp fragment of the
promoter and the structural regions of Rickettsia gltA; this was initially described for gPCR
(Labruna et al. 2004) with primers CS-78 (5’-GCAAGTATCGGTGAGGATGTAAT-3’)
and CS-323 (5’-GCTTCCTTAAAATTCAATAAATCAGGAT-3") but here we used it for a
regular PCR reaction as has been done in other reports (Bermudez et al. 2021; Cicuttin et
al. 2022; Sebastian et al. 2022). For this, the positive control included a positive fragment
obtained from a patient confirmed with the diagnosis of RMSF caused by R. rickettsii (M.
Leyva-Gastélum, data not shown). This fragment was purified and sequenced as described
above (by Macrogen) and later cloned by using a TOPO-TA kit (Invitrogen), preserved in
an E. coli DH10B strain, and used in further amplifications. Briefly, once this fragment
was verified by sequencing to belong to R. rickettsii a new PCR reaction was done, and the
obtained fragment cloned into the pCR2.1TOPO vector following the manufacturer instruc-
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tions; plasmids from candidate clones were characterized by digesting with EcoRI (Thermo
Scientific) and by sequencing using the universal primer M13Fw. Obtained sequence was
analyzed with BLASTn to corroborate it. All the amplicons were observed in 1.5% agarose
gels stained with either ethidium bromide or SYBR Green (Thermo Scientific) in an Eagle-
eye UV transilluminator. For the phylogenetic analysis, the amino acid sequences were
aligned with Muscle (https://www.ebi.ac.uk/Tools/msa/muscle/). The phylogenetic tree was
generated in MEGAT11 (Tamura et al. 2021) with maximum likelihood using the model of
amino acids substitution Blosum62.

Results
Morphological classification of the collected ticks

We collected and morphologically characterized 171 engorged ticks from 27 mixed breed
pet dogs whose owners live in either of the three assessed populations (Fig. 1). Ticks
removed from these dogs were identified as: Rhipicephalus sanguineus (s.1.) (134), Ambly-
omma dissimile (2), Amblyomma tuberculatum (1), Amblyomma sp. (3), Amblyomma cajen-
nense (9), Amblyomma auriculatum (14), Amblyomma maculatum (3), Amblyomma parvum
(3), Amblyomma ovale (1), and Hyalomma sp. (1) (Table 1). Out of the 171 ticks, 148 were
adults (58 males and 90 females) and 23 were nymphs. The tick burden per dog was rep-
resented as described before (Alvarez-Hernandez et al. 2020); Table 2 shows that the tick
burden per dog is moderate with all the sampled dogs having at least one tick. Dogs sampled
from Cholul had a higher burden than those in Dzununcan and Chenché. Molecular charac-
terization was done only for those ticks with a positive PCR test for glz4.

Rickettsia spp. molecular detection in ticks

First, all the samples were positive for the control 16 S rRNA fragment, indicating that bac-
terial DNA was included in the metagenomic DNA. Out of all the analyzed metagenomic
DNA samples, three (1.8%) were positive via a portion of g/t4 PCR, indicating that these
ticks were infected with Rickettsia species. Analysis of the fragment of mitochondrial DNA
of the infected ticks by BLAST-n indicated that two were A. parvum (99.1% identity), and
one was 4. mixtum (99.3% identity), all of them obtained from the same dog of Cholul
(Table 1). When morphological and molecular identifications were compared for these three
ticks, discrepancies were observed for two of them (4. auriculatum/A. ovale vs. A. parvum)
whereas for one it suggested that the species was 4. mixtum.

Identification of Rickettsia species

The three glt4 amplicons obtained from the metagenomic DNA were sequenced and ana-
lyzed to determine the species they belong to. These sequence were deposited in GenBank
with the accession numbers OQ709151 for g6, 0OQ709152 for g7 and OQ709153 for g8.
As seen in Fig. 2, control DNA (g0) clustered with R. rickettsii, as expected. The other
sequences aligned with Rickettsia amblyommatis (g6 and g7) and Rickettsia bellii (g8). The
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Table 1 Morphological classification of collected ticks

Community/Municipality Dog nr. No. ticks col- Tick species determined by morphology *
lected per dog
Dzununcéan, Mérida 1 2 Amblyomma dissimile (1) (1 A[19])
Rhipicephalus sanguineus (1) (1 A[129])
2 48 R. sanguineus (47) (47 A [329, 1587)
Amblyomma tuberculatum (1) (1 A[12])
3 9 R. sanguineus (8) (8 A[4%, 431)
Amblyomma sp. (1) (1 A[19])
1 Amblyomma cajennense (1) (1 A[19])
5 10 Amblyomma auriculatum (1) (1 A[12])

Amblyomma maculatum (2) 2 A[12,137)
Amblyomma parvum (1) (1 A[19])
Hyalomma sp. (1) (1 A[19])
R. sanguineus (3) (3 A [33])
Amblyomma sp. (D) (TA[1Q])

A. cajennense (1) (1 A[12])

6 3 A. parvum (2) 2 A[29])
A. maculatum (1) (1 A [19])

7 R. sanguineus (5) 5 A 29, 33])

Chenché, Temax 8 11 R. sanguineus (10) (10 A[429, 637)

A. auriculatum (1) (1 A[19])

9 6 R. sanguineus (6) (5A[4%, 131, 1 N)

10 1 R. sanguineus (1) (1 N)

11 1 R. sanguineus (1) (1 A[13])

12 3 R. sanguineus (3) 2 A[12, 18], 1 N)

13 3 R. sanguineus (3) 3 A[29, 13])

14 5 R. sanguineus (4) (4 A[29, 23])
A. auriculatum (1) 1 A[1%,)

15 12 R. sanguineus (8) (6 A[29, 4312 N)
A. auriculatum (4) (4 A[39, 13])

16 2 R. sanguineus (1) (1 A[19])
A. dissimile (1) (1 N)

Cholul, Cantamayec 17 6 R. sanguineus (6) (5 A[29,33]1N)

18° 6 A. auriculatum (4)* (4 A [49])
Amblyomma ovale (1)* (1 A[19])
Amblyomma sp. (1)* (1 N)

19 8 R. sanguineus (8) (6 A[39,3J3]12N)

20 4 R. sanguineus (4) (1 A[19]3 N)

21 4 A. cajennense (4) (1 A[13]3 N)

22 6 R. sanguineus (6) (2 A[28]14 N)

23 4 R. sanguineus (1) (1 A[13])
A. auriculatum (3) (3 N)

24 4 R. sanguineus (4) (4 A[39, 18]

25 3 A. cajennense (3) 3A[19,2J3])

26 2 R. sanguineus (2) 2 A[19, 18]

27 2 R. sanguineus (2) 2 A[12, 13])
* The number and stage of specimens of each tick species is shown in parentheses. A, adults; @, females;
d, males; N, nymphs

® Three ticks in this dog were positive for git4. The species are indicated with an asterisk (¥)
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Table 2 Tick burden per dog per community

Community Tick burden per dog No. dogs (%)? No. tick species per region
Dzununcén 0 0
1-10 6(22.2) 9
11-100 1(3.7)
Chenché 0 0 3
1-10 7(25.9)
11-100 2(7.4)
Cholul 0 0 5
1-10 11 (40.7)
11-100 0

? Percentage calculated from the total number of dogs (n=27)

outgroup was taken as the bacteria with the lowest identity percentage. These results show
that multiple species Rickettsia were detected in the analyzed ticks.

Discussion

Our results show that ticks collected from pet dogs in Yucatan are infected with R. amblyom-
matis and R. bellii and shows that these dogs and the humans and other domestic animals
are at risk of exposure to these bacteria. To the best of our knowledge this is the first report
of these Rickettsia species in ticks in this Mexican state. The presence of Rickettsia species
has already been documented in Mexico in both urban and wild environments (Peniche-
Lara et al. 2014; Delgado-de la Mora et al. 2019; Merino et al. 2020; Lugo-Caballero et al.
2021; Sanchez-Montes et al. 2021; Salomon et al. 2022; Torres-Castro et al. 2022b). Here,
the populations where the dogs reside are poor, one is peri-urban (Dzununcéan) and two are
rural and isolated (Cheché and Cholul).

To contribute to a better understanding of the distribution of Rickettsia spp. in Mexico, we
report the identification of R. amblyommatis and R. bellii in metagenomic samples obtained
from A. parvum and A. mixtum, respectively. To the best of our knowledge and based on a
recent compilation (Sanchez-Montes et al. 2021), these two Rickettsia species have not been
widely described in studies done in Mexico (Medina 2007; Salomon et al. 2022). Rickettsia
bellii has been described as a non-pathogenic member of this genus that diverged from the
pathogenic ones (Ogata et al. 2006). However, a recent report has shown that R. bellii causes
a subclinical infection in a guinea pig model, though it is not clear whether it is able to be
transmitted by a tick bite to humans or animals (Snellgrove et al. 2021). This bacterium has
been detected and isolated from multiple Amblyomma species but, to the best of our knowl-
edge this is the first report detecting it in 4. mixtum.

Rickettsia amblyommatis has been isolated from Amblyomma ticks in the Americas,
including Amblyomma americanum and A. cajennense in the USA (Karpathy et al. 2016)
and from Amblyomma longirostre in Brazil (Labruna et al. 2004), Amblyomma neumanni
and Amblyomma hadanii in Argentina (Labruna et al. 2007; Mastropaolo et al. 2016),
amongst others in other Latin American countries (quoted by Karpathy et al. 2016; Charles
et al. 2021; Richardson et al. 2023). Thus, this species is widely distributed in many ticks
along the Americas. Salomon et al. (2022) detected it in ticks parasitizing dogs although
these were R. sanguineus in the northern state of Tamaulipas. Rickettsia amblyommatis
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Fig. 2 Maximum-likelihood tree constructed from gi/z4 partial sequences of various Rickettsia species.
The analysis was performed with the amino acid substitution model Blosum62. Sequences generated in
this study are noted as R. rickettsii g0 (positive control), R. amblyommatis g6, R. amblyommatis g7 and
R. bellii g8. Numbers represent bootstrap support generated from 1000 replications. The bar represents
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pathogenicity is not yet fully characterized, but it is considered to be an opportunistic patho-
gen for humans (Yen et al. 2021; Richardson et al. 2023). Rickettsia amblyommatis has been
detected in multiple species of ticks including those described here (4. parvum) (Richardson
et al. 2023).

Regarding the identification of the ticks, all were first identified by their morphological
characteristics and then, only those infected with Rickettsia sp. were identified molecularly.
In this way, we were able to determine with more accuracy the species these ticks belong to,
although molecular identification would better be based on a multilocus sequence analysis
(MLSA) or by sequencing the mitochondrial genome to perform a phylogenomic analysis.
In any case, detection of R. amblyommatis in Yucatan was not previously described and
indicates that more research and surveillance should be done in domestic animals and wild-
life fauna in this Mexican state.

These results shed light on a potential public health problem in similar settings across the
country as dogs are interacting with humans and may serve as amplification hosts to species
of Rickettsia. Moreover, widespread co-feeding of ticks suggests that known vector ticks
could amplify the number of infected ticks on suitable hosts such as pet dogs. An important
note is to remark that most reports of Rickettsia spp. have found R. sanguineus s.l. ticks
on domestic dogs and here is shown that other ticks are also able to infest these hosts and
transmit these bacteria. Even when the number of dogs was small, we saw that multiple tick
species parasitized them, and we suggest that this is the norm for pet dogs in these popula-
tions that are so near to the jungle. Of course, to test this hypothesis more studies are needed
in populations like the one studied here. This raises the possibility of an eventual spillover
of pathogens to novel vectors and another matter to search into. This is a matter of interest in
several groups for this and other tick-borne and insect-borne transmitted diseases (reviewed
in Laukaitis and Macaluso 2021).

It would be very interesting to extend this research to detect antibodies specific to R.
amblyommatis in the isolated population of Cholul, and to extend the search for other Rick-
ettsia species. As in other studies, dogs and other domestic animals could be used as sen-
tinels for these and other pathogens and also help to study the cross-reactivity observed
between R. amblyommatis and other SFG rickettsiae (reviewed in Richardson et al. 2023).
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