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Abstract 
Tick-Borne Rickettsial Diseases (TBRD) are emerging zoonotic diseases, and a problem of human 
health and veterinary medication. The distribution of these diseases is related to the distribution 
of vector. The presence of pathogens in the host is a risk indicator of population exposure to these 
areas. A total of 478 tissues samples from rodents, A. phagocytophilum 18 (3.7%), E. canis 47 
(9.8%), Rickettsia rickettsii 18 (3.7%) and E. chaffeensis 19 (3.9%) were detected using species- 
specific PCR assay. It is the first report in Mexico the presence of rodents infected with A. phago-
cytophilum and E. chaffeensis. The rodent Peromyscus spp. were the most commonly prevalent 
host of infection for all the bacteria’s. We have to consider as host of TBRD transmitter and pro-
vide a useful contribution to understanding their epidemiology. The health sector should be con-
sidered all the fevers of unknown causes in humans and animals in Mexico as infections by these 
vector-borne rickettsial pathogens. 
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1. Introduction 
Tick-borne rickettsial diseases (TBRD) are zoonosis caused by Anaplasma phagocytophilum, Rickettsia rickett-
sii, Ehrlichia chaffeensis and E. canis. These pathogens are maintained in natural cycles involving wild mam-
mals and hard-bodied (Ixodid) ticks. The epidemiologies of these diseases reflect the geographic distribution and 
seasonal activities of the vectors and reservoirs and the human behavior that place persons at risk for attachment 
and subsequent infection [1] [2]. TBRD are common occurrences in the medical and veterinary clinical setting, 
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affecting domestic animals and humans, who has increased in recent years; gaining more attention from physi-
cians and veterinarians [3]. The distribution of these diseases is related to the distribution of vector. The pres-
ence of pathogens in the vector and their host is a risk indicator of population exposure to these areas. In United 
States, Mexico and others countries, rodents (Peromyscus spp.) and white-tailed deer (Odocoileus virginianus) 
are reservoirs of Ehrlichia, Anaplasma and Borrelia spp. [4]-[6]. Early signs and symptoms of these illnesses are 
nonspecific, and therefore misdiagnosis and failure to treat have unfortunate and sometimes tragic outcomes [7]. 
The clinical featuring are similar, there are two weeks after the tick bite, have spiking fevers, chills, headache 
and myalgia; furthermore nausea, vomiting, anorexia and diarrhea. The fatality rate reported in patients without 
treatment is between 5% - 25%, and 1% to A. phagocytophilum [1] [8]. 

Many vector-borne diseases are zoonoses caused by pathogens having rodents as their natural host. Because 
the humans are not part of the natural transmission cycle, they are only incidentally infected. Zoonosis usually 
persists in nature in silent transmission cycles between vectors and rodent host, going undetected unless they 
spill over and infect the human population [9]. 

We previously reported the detection of tick-borne pathogens in ticks like A. phagocytophilum, E. chaffeensis, 
E. canis and R. rickettsii in 19 states of Mexico, and frequency of B. burgdorferi in ticks and small mammals 
from Mexico [6] [10]. Screening their host for disease-causing pathogens using molecular epidemiological tools 
provides useful data on the distribution and prevalence of tick-borne pathogens [11]. The presence of tick-borne 
pathogens, including A. phagocytophilum, E. chaffeensis, E. canis and R. rickettsii in rodents, has not yet to be 
determined by molecular tools in Mexico. 

The purpose for this study was to provide a disease risk assessment for tick-borne rickettsial pathogens in ro-
dents based on their potential exposure to ticks and theses pathogens that may affect human and animal health in 
Mexico. 

2. Material and Methods 
2.1. Samples Collection 
During 2006 through 2012, a total of 491 rodents belonging to 12 genera and 22 species were collected using 
Sherman traps (3” × 5” × 9” folding traps); in 31 sites including Nationals parks, Eco-tourism parks, and recrea-
tional sites to population throughout 11 states of Mexico and were selected for assessment of tick-borne patho-
gens (Figure 1). All the rodents were euthanized and handled, accordance with approved protocol (R-2012-785- 
069) of National Commission of Research and Bioethics. After blood samples were taken, one ear was dissected 
and then the abdominal cavity was opened aseptically, and spleen, liver and heart tissue samples were collected. 

2.2. DNA Preparation 
For extraction of 491 samples, PCR-amplifiable DNA, were taken different tissues of mice (spleen, ear or heart) 
 

 
Figure 1. Distribution of collected mice and their frequency to tick-borne rick-
ettsial pathogens in Mexico.                                             



C. G. Sosa-Gutiérrez et al. 
 

 
886 

and blood. The DNA extraction was performed with a DN easy tissue kit (QIAGEN, CA) according to the in-
structions provided by the manufacturer. We cut 10 25 mg of tissue, added 200 µl of buffer ATL, and 20 µl of 
proteinase K, mixed by vortexing; and incubated at 55˚C until the tissue was lysed. We added 200 µl buffer AL, 
and mixed 15 s, and incubated 70˚C by 10 minutes. Then, we added 200 µl of ethanol (99% - 100%) and mixed 
by vortexing. We put the sample in a column and centrifuge by 800 rpm, then we put 500 µl buffer AW1, and 
centrifuge by 8000 rpm. We added 500 µl buffer AW2, and centrifuge 8000 rpm by full speed. And finally, we 
added 200 µl of AE buffer centrifuge by 1 minute.  

2.3. DNA Preparation 
The DNAs extracted were subjected by primers previously described [12], using species-specific primers. The 
16S rRNA gene fragment of all these bacterial was amplificated; except R. rickettsii, we used gltA gene. The 
PCRs were performed as previously described in a total volume of 50 µl. Each PCR reaction consisted of 2 pmol 
of each primer, 200 µM concentration of each deoxynucleoside triphosphate, PCR buffer, 1 U de Taq DNA Po-
limerase Recombinat (Invitrogen, Brasil) and 50 to 100 ng of sample DNA for each PCR. PCR products were 
electrophoresed in 1.5% agarose gels, stained with SYBR Green (Invitrogen, Brasil), and photographed using a 
still-video documentation system (Quantum). PCR products were purified with a QIAquick® Gel Extration Kit 
(QIAGEN, CA). Prevention of cross-contamination and false-negative and false-positive results was managed 
by using plugged tips, performing PCR in separate room from that used for DNA extraction, and including a 
negative (water) control in each reaction. A positive control was run for each reaction. 

Amplified and purified DNAs were prepared for sequencing using a DyeEx™ 3.2 (QIAGEN, CA) and were 
sequenced by an automatic sequencer. Sequence data were collected using Chromas lite software (version 2.1.1). 
Sequence homology search were made via the National Center for Biotecnology Information (National Institutes 
of Health) BLAST network service. The sequences were aligned initially using DNAMAN.  

3. Results 
A total of 476 rodents (11 genus and 14 species) were collected from 2006 through 2012 from Mexico (Figure 1) 
and these included different Peromyscus spp. (271), Neotomodon alstoni (71), Reithrodontomys fulvences (60), 
Microtus mexicanus (21), Megadontomys thomassi (16), Mus musculus (7), Habromys spp. (5), Lyomis iroratus 
(14), and Neotoma picta (3) and Neotoma 886icketts (4). Species-specific PCR were conducted with DNA sam-
ples from rodent of each tick-borne pathogen were: A. phagocytophilum 18 (3.7%), E. canis 47 (9.6%), R. rick-
ettsia 15 (2.9%) and E. chaffeensis 9 (1.8%) (Table 1). We did a Chi square to looking the risk to Peromyscus 
spp. And Neotomodon alstoni founding a high relative risk to get positive (Odds ratio 13.7, IC 7.4 - 22.1, 
P-value < 0.01 and Odds ratio 1.9, IC 1.1 - 3.8 and P-value < 0.05) with 95% confidence and α 0.05, respec-
tively. A total of 89 rodents presented a single infection with 886ickettsial pathogens; 12 presented two patho-
gens infections that included P. maniculatus, P. leucopus, P. beata, Microtus mexicanus, and Megadontomys; and 
one Neotomodon alstoni presented a coinfection with three pathogens (Table 2). The positive amplified frag-
ments were sequenced and then analyzed for maximal similarity to other sequences by using BLAST sequence 
analysis in the GenBank database. Results showed the following homology for each species: 99.9% with A. 
phagocytophilum (Accession no. KC800983); 99.6% with E. canis Jake Strain (Accessionno.CP000107); 100% 
with R. rickettsia (Accession no. KC845924.1) and 100% with E. chaffeensis (Accession no. NR074500.1). 

4. Discussion 
This study provides data regarding the frequency of R. rickettsii, E. canis, A. phagocytophilum and E. chaffeen-
sis in rodents as host [8] [13]; and Peromyscus species was a very high prevalence of all TBRD pathogens ex-
amined, likely showed in others studies with the same frequency of infection [14] [15]. Infections with Ehrlichia 
and Anaplasma spp. Generally been observed only in a definite range of hosts, including rodents and some large 
mammals; our studies suggest that several Ehrlichia and Anaplasma spp. Can be transmitted to a variety of host 
in nature [16]. These data might also provide an opportunity to examine the ecology of emerging zoonoses for 
which different ecologic determinants for disease transmission may be present [17]. All these diseases are no 
longer present, mainly because of changes in land, agricultural methods, residential patterns, human’s behavior, 
and vector control; although, tick-borne diseases that may be transmitted to humans from small mammals like  
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Table 1. Rodents identifications and PCR results of each tick-borne 887ickettsial pathogens.                               

Identification  N A. phagocytophilum (%) E. canis (%) R. rickettsii (%) E. chaffeensis (%) 

Peromyscus maniculatus 76 (15.9) 2 (2.6) 15 (19.7) 3 (3.9) 5 (6.6) 

 hylocetes 2 (0.4) 1 (50.0) 1 (50.0) 0 0 

 megalops 37 (7.7) 0 7 (18.9) 1 (2.7) 0 

 beata 27 (5.6) 0 2 (7.4) 1 (3.7) 2 (7.4) 

 melanotis 3 (0.6) 0 0 0 0 

 leucopus 126 (26.4) 8 (6.3) 0 10(7.9) 8 (6.3) 

Microtus mexicanus 21 (4.4) 1 (4.7) 1 (4.7) 1 (4.7) 0 

Neotomodon alstoni 71 (14.9) 2 (2.8) 9 (12.7) 1 (1.4) 0 

Reithrodontomys  fulvescens 60 (12.6) 3 (5) 7 (11.7) 1 (1.6) 2 (3.2) 

Megadontomys thomassi 16 (3.3) 0 2 (12.5) 0 1 (6.2) 

Orizomys melanotis 6 (1.3) 0 1 (16.7) 0 0 

Lyomis irroratus 14 (2.9) 0 0 0 1 (7.1) 

Mus musculus 7 (1.5) 1 (14.3) 0 0 0 

Habromys spp. 5 (1.1) 0 0 0 0 

Neotoma picta 3 (0.6) 0 0 0 0 

 mexicana 4 (0.8) 0 2 (50.0) 0 0 

 Total (%) 476 18 (3.7) 47 (9.6) 18 (3.7) 19 (3.9) 

 
Table 2. Mixed infections in rodents by PCR results of each tick-borne rickettsial pathogen.                               

Rodents Mixed bacteria’s Positive rodents 

Peromyscus maniculatus A. phagocytophilum/E. canis 1 

 A. phagocytophilum/R. rickettsii 1 

 E. canis/E. chaffeensis 2 

Peromyscus leucopus E. chaffeensis/R. rickettsii 3 

Peromyscus beata E. canis/E. chaffeensis 2 

Microtus mexicanus A. phagocytophilum/E. canis 2 

Neotomodon alstoni A. phagocytophilum/E. canis/R. rickettsii 1 

Megadontomys thomassi E. canis/E. chaffeensis 1 

 Total 13 

 
rodents in continue circulating in nature in many parts of the country [7] [12]. Environmental changes may po-
tentially alter the distribution of wild animals and the arthropod vectors and those pathogens they transmit [11]. 
But demographic and sociologic factors also play a critical role in determining disease incidence. For example, 
since 1986, rodents from 14 states of United States were found to have been infected with Ehrlichia; and suggest 
that ehrlichiosis was present in mice at least 12 years before human cases were first recognized. The two main 
Ehrlichia that cause disease in the United State and animal cycles of the bacteria are likely to exist in areas 
where human diseases is no yet confirmed [9]. 

Our results demonstrate that rodents captured in different sites of Mexico were infected with Anaplasma, Eh-
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rlichia and Rickettsia spp. Although infection with Ehrlichia and Anaplasma species have generally been consi-
dered to observed only in a defined range of host, including rodents and some large mammals, our studies sug-
gest that several Ehrlichia and Anaplasma species can be transmitted to a variety of host in nature.  

Until now, there have not been reports of clinical cases for A. phagocytophilum, and just two reports of E. 
chaffeensis in Mexico, as compared with the numerous reports throughout the word; and has been identified in 
several vertebrate animals, such as white-tailed deer, dogs, coyotes, and goats, with Amblyomma americanum 
tick, the most import vector [7]. The loss of large tracts of connected habitat caused by dividing continuous areas 
into smaller fragments which are isolated from each other, for example through road construction or building 
development [18]. Fragment size is not only factor defining the community structure of fragment-dwelling or-
ganism; in fact it is a functional interaction of numerous factors of the core-zones and edges of patch influenced 
by the surrounding matrix, habitat area and edge effects [19]. Edges can have negative effects on wildlife due to 
disturbance, the possible isolation of patches and corridors modifying distribution and dispersal, increasing pre-
dation and parasitism; this also involved an elevated risk of human entering tick’s habitats [20] and established 
the wild cycle. 

It’s important to know if the geographical distribution of positive rodents at TBRD pathogens coincided with 
a probably of human to get some of these diseases. 

5. Conclusion 
By understanding the mammal cycles by which these tick-borne rickettsial pathogens are established and main-
tained under natural conditions, it is possible to predict the geographical regions where human populations are at 
the highest risk for these diseases. These findings also underscore the need for a more comprehensive evaluation 
of the ecological factors that contribute to the enzootic cycle, including tick, small mammal, and deer popula-
tions. With this evaluation, a more comprehensive understanding of the factors that contribute to human’s risk 
and exposure to the potentially fatal, tick-borne pathogens will come. It is imperative to continue the efforts to 
identify additional tick-borne pathogens to further disclose the extent and the possible public health significance 
of these agents. 
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