

[image: image1]
Infection of Anaplasma phagocytophilum and Ehrlichia spp. in Opossums and Dogs in Campeche, Mexico: The Role of Tick Infestation
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In recent years, some tick-borne diseases such as anaplasmosis and ehrlichiosis became widespread worldwide, threatening the health of humans, domestic animals and wildlife. The aims of this study were to determine the presence of Anaplasma phagocytophilum, Ehrlichia canis, and Ehrlichia chaffeensis in 102 opossums (Didelphis spp.) and 44 owned free-ranging dogs in southeastern Mexico using a specific polymerase chain reaction (PCR). A. phagocytophilum was detected in opossums and dogs with a prevalence of 3 and 27%, respectively. E. canis was only present in 7% of dogs, while we didn't detect E. chaffeensis in any host. We report the first evidence of infections of A. phagocytophilum in Didelphis virginiana and D. marsupialis in Mexico. The infection rates and patterns we found of A. phagocytophilum suggest that dogs are more directly involved in the ecology of this pathogen than opossums. Despite the small prevalence found, our results are of public health concern because of the zoonotic capabilities of A. phagocytophilum, the high tick infestation rates found and because both opossums and free-ranging dogs can achieve high population densities in the region.
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INTRODUCTION

Anaplasma phagocytophilum, Ehrlichia canis, and Ehrlichia chaffeensis are tick-borne pathogens of a wide range of vertebrate hosts (McQuiston et al., 2003; Yabsley, 2010; Atif, 2015). Their ecology involves hard ticks (Ixodidae) as vectors and wildlife and domestic animals or human-associated fauna (D. virginiana, rodents) as hosts (McQuiston et al., 2003; Yabsley, 2010; Atif, 2015) (Figure 1). The emerging zoonotic pathogens E. chaffeensis and A. phagocytophilum are increasingly implicated as a human pathogen worldwide. The diseases they cause are human monocytic ehrlichiosis (HME) and human granulocytic anaplasmosis (HGA), respectively (Yabsley, 2010; Atif, 2015). Both pathogens cause similar clinical illnesses that involve malaise, gastrointestinal disorders, high fever, and severe headache (Dahlgren et al., 2011; Atif, 2015). During 2000–2007, the cases-fatality rate in the USA was 1.9 and 0.6%, respectively (Dahlgren et al., 2011). E. canis is not common in humans and his reservoir hosts are canids worldwide, especially domestic dogs (Sainz et al., 2015). It is a pathogen of high veterinary importance for dog health.
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FIGURE 1. General scheme that integrates the Ixodes tick life cycle, the transmission cycle of Anaplasmataceae, and the hosts of both in the domestic-wildlife interface. Vertebrates in the center of the scheme have been positive at least once, via some method of diagnosis (serological or molecular). The color in the vertebrate indicates which pathogen can infect them. Image modified from the originally published by Estrada-Peña and de la Fuente (2014).



Despite the concerns for human health, the information about the presence of those pathogens in Mexico is scarce, and most reports have been focused on E. canis, domestic dogs as well as performed with preliminary serological tests (Pat-Nah et al., 2015; Movilla et al., 2016). Only recently the first Human fatality by HME in Mexico has been reported, suggesting the emergence of E. chaffeensis in Mexico (Sosa-Gutiérrez et al., 2016). Another recent study, reported the presence of these three pathogens in wild rodents from central Mexico, highlighting the potential risk to humans and wildlife exposed to these tick-borne rickettsiae (Sosa-Gutiérrez et al., 2014). Only domestic dogs have been reported as a host for E. canis (Pat-Nah et al., 2015), but no other definitive report has been made on wild vertebrates or humans in the study area. The domestic-wildlife interface is important in the transmission of zoonotic pathogens and represents an increasing and a significant threat to global health. Generally, emerging infectious diseases (EIDs) events are dominated by zoonosis (60.3% of EIDs) and the majority of these (71.8%) originate in wildlife and are increasing significantly over time (Jones et al., 2008). Similar conclusions are shown in Daszak et al. (2000), Morens et al. (2004), Weiss and McMichael (2004), and King et al. (2006). For this specific system, several studies identify the importance of the domestic-wildlife interface in the transmission of these three pathogens, associating factors to the risk of infection to A. phagocytophilum and E. chaffeensis. Such as the presence and abundance of vertebrate host species and vectors, forest cover, and high-risk outdoor activities (Paddock and Yabsley, 2007; Dahlgren et al., 2011; Bayles and Allan, 2014; Atif, 2015). Even though E. canis appears to be host-specific, one human case has been reported (Perez et al., 1996) and other wildlife canids, such as foxes, could be involved in the transmission of this pathogen (Guerrero-Sánchez and Weber, 2012). Thus, monitoring the presence of those pathogens in the most common and abundant host of this interface is relevant for understanding the disease dynamics, taking protection measures and preventing epidemiological outbreaks (Gompper, 2014). In this sense, species that are common and abundant in this interface, such as opossums (both Didelphis virginiana and D. marsupialis) and dogs, which in turn could be potential hosts for those pathogens (Figure 1), can be elements that facilitated zoonotic and anthropomorphic processes. It has been reported that only D. marsupialis, represent 40% of the total biomass of small mammals (Colchero et al., 2014), and human: dog ratio in rural towns of the study area can be as high as 1.7:1 (Ortega-Pacheco et al., 2007). Therefore, the objective of our base line study was to identify the role of opossums (D. virginiana and D. marsupialis) and owned, free-ranging dogs in the epidemiology of A. phagocytophilum, E. canis, and E. chaffeensis in a rural area near the city of Campeche, Mexico. To accomplish this objective, first, we determined the prevalence of those three pathogens in opossums and dogs through a polymerase chain reaction (PCR) diagnosis method, as well as assessing the abundance of Ixodidae ticks in both hosts. Then we identify factors associated with the abundance of ticks and the prevalence of these pathogens within the hosts.

MATERIALS AND METHODS

Study Area

This study was conducted in a rural area near the city of Campeche at the Peninsula of Yucatan. It comprises the villages of Bobolá (19°46′13.46″N; 90°25′12.37″O), Chiná (19°45′49.09″N; 90°29′39.66″O), Xcampeu (19°47′45.80″N; 90°23′51.64″O), and the experimental camp of INIFAP, a research institute in Chiná, Campeche (19°45′2.53″N; 90°27′3.03″O) (Figure 2). The locations differ in human population density and therefore in dog population density, as the two are strongly correlated (Gompper, 2014). Economic activities vary in relation to the villages, predominating cattle ranching at Xcampeu, mechanized agriculture in Bobolá and commerce in Chiná. The landscape is composed of agricultural fields, pastures for livestock purposes and villages immersed in a continuum of tropical lowland forest and secondary vegetation (Noriega-Trejo and Arteaga-Aguilar, 2010). The area has a wet and dry season from June-September and January-May respectively (Villalobos-Zapata and Mendoza-Vega, 2010).
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FIGURE 2. Localities in the study area in Campeche, Mexico.



Sample Collection

The sample collection was carried out from January 26 to April 15, 2016. Opossums were captured with Tomahawk traps in three different sites at each location. We categorized the sites for trapping as anthropogenic, natural, or in the edge zones. Anthropogenic sites included human structures and areas adjacent to buildings, this kind of site where mostly in the villages but also in isolated farms. Traps cataloged as “natural,” were placed on the primary or secondary forest, and to avoid any potential edge effect on tick abundance in opossums, traps were placed at least 50 m from the nearest edge. We also captured opossums in “edge zones” between forest and agricultural fields, livestock pastures, and main roads.

From the 150 reactions, we had available for the molecular diagnosis, our intention was to dedicate at least 100 to the opossums and the rest of the dogs. We not only collected the ticks of those dogs and opossum, but also from the majority of dogs per village that were owned but free-ranging as well as the greatest number of opossums we could capture. From all captured opossums and dogs sampled, we collected whole blood in a 3 ml EDTA BD Vacutainer tubes and then stored at −20°C until use, detailed methods of trapping and sample collection have been reported elsewhere (Guerrero-Sánchez and Weber, 2012). All procedures were conducted after approval from El Colegio de la Frontera Sur Ethic Committee and trapping permits granted by SGPA-DGVS-SEMARNAT No. 007765/15. Consent from all dog owners was provided before handling and sampling their animals. Finally, we collected and counted feeding ticks (larvae, nymph, and adults) on all the opossums and dogs sampled. For those opossums and dogs that were highly tick-infested, we counted the ticks located on the bare body parts (legs, tail, and ears) and in two areas (circles with 5-cm diameter) located on the ventral and dorsal area to extrapolate the number of ticks as a function of the body size.

Molecular Diagnosis

DNA was extracted from whole blood by using DNeasy Blood and Tissue Kit (QIAGEN, Valencia, CA, USA) according to the manufacturer's protocol. DNA was analyzed by PCR using primers 15F and 842R, which are specific for the 16S rRNA of Anaplasmataceae and generate an 800 pairs bases fragment (Figure 3). This product was amplified in a nested PCR with species-specific primers for A. phagocytophilum, E. canis, and E. chaffeensis who amplified approximately a 390 pairs bases fragment (Anderson et al., 1992). PCR was performed on a Thermocycler Applied Biosystem 2720. We used extracted DNA from dogs naturally infected with each pathogen as a positive control and ultrapure water as negative controls. The nested PCR product was electrophoresed in 1.5% agarose gels, stained with bromide ethidium and photographed. The PCR preparation mix, the reaction in the thermocycler and the electrophoresis were performed in different rooms.
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FIGURE 3. Photos of agarose gels with products amplified by nested PCR. (A) shows the fragments of 400 base pairs of the 16s rDNA gene of A. phagocytophilum from samples of dog 26-p, 72-p, 76-p, 87-p, 88-p, and the 2004 positive control. (B) shows the fragments of 400 base pairs of the 16s rDNA gene from E. canis from samples of dog 88-p, 48-p, 9-p, and positive control. Red arrows indicate bands (thresholds) for positive detection of pathogens.



Data Analysis

Values of prevalence of infection and tick abundance in hosts were established as the number of hosts infected with a particular pathogen species divided by the number of hosts examined for that pathogen species, and the total number of individuals of Ixodes ticks in the host sample divided by the total number of hosts examined (Bush et al., 1997).

We related tick abundance with the variable of kind of host (dogs or opossums), and tick abundance in the opossum with the independent variables of sex, localities, and the kind of site (anthropogenic, natural, or edge zone), using either a U-Mann-Whitney (when the independent variable has two groups, such as sex), or a Kruskal-Wallis test (when the independent variable has more than two groups) (Zar, 1984). A generalized linear model with a negative binomial distribution and a logarithmic link function was subsequently performed to determine the influence of locality, distance to the closest farm, kind of site, sex, and weight-length rate on the tick abundance in the opossums. We opted for the negative binomial distribution due to high levels of over dispersion in the data when models were fitted with a Poisson distribution.

Chi-square with a Yates correction test and Fisher's exact tests were used on contingency tables to compare prevalence related to the categorical risk factor of infection. We used kind of host, tick presence (infested or not infested), locality, and the kind of site as risk factors. Relative risk (Rr) was calculated as the fraction of the incidence rate of infection in the exposed between the incidence rates of infection in unexposed hosts. We defined the exposed group in each risk factor as the group more likely to be infected based on epidemiological hypothesis. Probabilities of p-value < 0.05 were considered statistically significant (Zar, 1984), but biological or epidemiological significance was considered and analyzed independently of p values.

Based on the mean human: dog ratio derived from a human household survey of 14 different rural localities in México, we estimated the owned dog abundance in each locality and in the study area which is a polygon delimited by the principal routes and that comprise the four localities presented in this study (Gompper, 2014). Then, we used localities (with higher or lower dog abundance) as a variable that explains the tick abundance of the hosts and as a risk factor for infection.

RESULTS

Infections and Prevalence

A total of 102 opossums and 44 dog blood samples were examined for A. phagocytophilum, E. canis, and E. chaffeensis in this study. Only DNA of A. phagocytophilum was found in both species of opossums, one D. marsupialis and two D. virginiana were infected (Figure 3). In addition to this last pathogen, we also found DNA of E. canis in dogs. Total prevalence with A. phagocytophilum was 3% in opossums and 27% in dogs, while the prevalence of E. canis in dogs was 7%. None of the samples was positive for E. chaffeensis. The infections with those agents and the prevalence according to the localities and species of the host are presented in Table 1. Only one dog was co-infected with A. phagocytophilum and E. canis.


Table 1. Prevalence of A. phagocytophilum, E. canis, and E. chaffeensis and tick mean abundance among dogs and opossum (Didelphis. spp.) in four localities near Campeche, Mexico.
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Tick Abundance in Hosts

The tick abundance in opossums was not statistically different between both species (U = 1116.5, Z = −1.46, p = 0.14, U-Mann-Whitney), neither between the different capture sites (anthropogenic, natural, and edge zone) (U = 950.5, Z = −0.66, p = 0.5, U-Mann-Whitney). Tick abundance in opossums only was marginally different between sexes (X22 = 1.54, p = 0.46, Kruskal-Wallis), with the males having higher tick abundance than females (35.6 vs. 12.7 respectively) and by the locality (X23 = 25.6, p = 0.001, Kruskal-Wallis), where opossums from Bobolá had lower tick abundance than the rest of the localities (Table 1). We also found several opossums with an estimate of >200 feeding ticks on their bodies. The GLM show the same pattern as the non-parametric statistic, where sex and locality were the variables that explain tick abundance in opossums (Table 2). Estimation of owned dog abundance per locality is shown in Figure 4.


Table 2. Summary of Generalized Linear Model (GLM) explaining tick abundance in opossums.
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FIGURE 4. Spatial representation of dog and opossum relative abundance by locality and the prevalence of A. phagocytophilum and E. canis in hosts.



Prevalence and Risk Factors

None of the pathogens where associated with the tick presence in the host (X2 = 1.6, GL = 1, p = 0.1) or the kind of site where opossums were captured (X2 = 0.27, GL = 2, p = 0.55). Infections with A. phagocytophilum and E. canis were higher in dogs than in opossums (X2 = 17.2, gl = 1, p < 0.000; X2 = 4.1, gl = 1, p = 0.026 respectively) (Figure 4), therefore dogs had more risk of infection by A. phagocytophilum than opossums (Rr = 9.3). The relative risk of infection by E. canis per host species was not calculated, because none of the opossums was infected. In terms of the risk factor of locality, infections by A. phagocytophilum were higher in Chiná (X2 = 12.7, gl = 3, p < 0.000) (Figure 3), which in turn it is also the “exposed group” who had a higher risk of infection than the “non-exposed group” comprised by Bobolá, INIFAP and Xcampeu (Rr = 6.6). There were no association of infection by E. canis within any locality (X2 = 0.17, GL = 3, p = 1).

DISCUSSION

High densities of dogs inhabiting the human-wildlife interface may facilitate their potential reservoir role for multihost pathogens (Gompper, 2014). The positive results we found support previous reports of dogs as a host for A. phagocytophilum (Woldehiwet, 2010; Atif, 2015; Çetinkaya et al., 2016). The previous report of A. phagocytophilum in dogs by PCR worldwide (serological studies excluded) vary from 0.5 to 6.3% (Çetinkaya et al., 2016), which is much less than the 27% prevalence we found. This difference could be due to: (1) A. phagocytophilum strain, (2) the presence of this pathogen in the rest of the vertebrate host community in the study area, and (3) previous studies have found that dogs with access to veterinary care might have low prevalence values, opposite to our study area (Jensen et al., 2007; Bowman et al., 2009; Çetinkaya et al., 2016; Movilla et al., 2016). We need further investigation to support the first two hypotheses and to discard that the high prevalence are due to the low sample size. The high density of free-ranging dogs and the unusually high prevalence we found suggest their role as a major reservoir host in the area. However, it is difficult to assess this conclusion, since there wasn't an exhaustive survey on dog population and on other potential hosts, such as squirrels and racoons (Keesing et al., 2010). We found that both species of opossums are potential hosts for A. phagocytophilum in southeastern Mexico. D. virginiana has already been reported as a competent host for A. phagocytophilum in the USA with a higher prevalence (36%) than the one we found (Keesing et al., 2012). This difference could be explained because opossums were captured in an area considered as of high risk of infection by this pathogen due to the population growth of his main reservoir host and vector (Dugan et al., 2006; Paddock and Yabsley, 2007; Dahlgren et al., 2011). To the best of our knowledge, this is the first study screening D. marsupialis for the presence of the three pathogens using molecular tools (PCR analysis) in southeastern Mexico.

The absence of E. canis and E. chaffeensis in opossums in the present study is an argument in favor that these pathogens cannot infect them. E. canis has never been detected in opossums. E. chaffeensis, has only been detected by serological methods in D. virginiana in two different studies, which may have cross-reacted with a related Ehrlichial agent (Yabsley, 2010). Furthermore, we need experimental studies to determine if both species of Ehrlichia can infect the Didelphidae. The prevalence of E. canis that we found in dogs is lower than the 36% reported previously in a city near the study area and despite they are considered as reservoir hosts for this pathogen (Pat-Nah et al., 2015). However, they did the study with dogs from animal shelters from the city, and this type of provenance is considered a risk factor of infection by E. canis de facto (Pat-Nah et al., 2015). Furthermore, infections by tick-borne pathogens may appear aggregated among hosts collected from closely spaced geographical sites (Paddock and Childs, 2003; Estrada-Peña and de la Fuente, 2014). Further research is needed in order to infer the low prevalence of E. canis in dogs and the absence of E. chaffeensis in the dog population from the study area.

Opossums from Bobolá had lower tick abundance than the rest of the localities. In part, this can be explained by the environmental history of capture sites. The proximity of the capture sites in this locality with the agricultural fields could affect tick abundance, since this activity is negatively associated with questing tick and tick abundance in the host because it excludes the hosts of ticks and the loss of habitat for these (Pfäffle et al., 2013). In contrast, cattle practices in Xcampeu and high dog densities in Chiná, may have favored the abundance of ticks in opossums. Nevertheless, it is important to mention that the environmental history is not sufficient to explain the observed pattern, since host-tick relationships are complex and depend on many local factors (microclimate, structure, and composition of vegetation and host community) (Pfäffle et al., 2013) and factors that occur at the landscape level (proportion of agricultural, livestock and vegetation areas, vegetation patch size, and connectivity with other patches) (Estrada-Peña and de la Fuente, 2014). The sex also influenced the abundance of ticks in opossums, being females the ones with the lower tick abundance. Even if this pattern hasn't been observed in opossums, it is common in other vertebrates such as deer and rodents (Brunner and Ostfeld, 2008; Ruiz-Fons et al., 2013). One of the main hypotheses to explain this, is the difference in behavior between males and females: for the case of opossums, it has been reported that males travel more distances during the day, even covering the territory of several females (Sunquist et al., 1987; Zarza and Medellín, 2014), which makes them more vulnerable to tick infestations. On the other hand, opossums had a lower tick abundance than dogs. This can be explained because the dogs had a higher body surface than opossums. Furthermore, dogs are present in high population densities in the study area, and it is well-known that tick infestations are density dependent. The habitat use of owned free-ranging dogs in the study area may facilitate tick infestation because they usually frequent open areas of the towns with high probability to be infested by the tick Rhipicephalus sanguineus, the domestic dog's main tick (Pat-Nah et al., 2015). In addition, the little veterinary health care that dogs receive here, makes them vulnerable to contracting high tick infestations as we found.

The only risk factors associated with infections by A. phagocytophilum and E. canis in the present study were the kind of host and locality. Opossums had a lower risk of infection by both pathogens than dogs. This result was to be expected because: (1) dogs are considered a common reservoir host for these two pathogens, (2) because of the greater abundance of ticks in dogs than opossums and; (3) the little (or none) veterinary health care they receive (Beall et al., 2012; Atif, 2015). There was also a locality effect: Chiná had the highest dog abundance, and this could have caused the infections with A. phagocytophilum to be concentrated there because dogs are considered the common host of this pathogen (Atif, 2015). Instead, in the rest of the localities, where the abundance and density of dogs are lower, so were the prevalence values found. In addition, the distribution of the three positive opossums, suggests that the localities with a greater abundance of dogs, also have an increased risk of infection by A. phagocytophilum.

Even though the small prevalence of A. phagocytophilum found in both opossums in the study area, it is evident that they can be infected. Those small frequencies of infection could be difficult to interpret, as the abundance that opossums can achieve in some regions is very high, therefore potentially increasing the chances of higher infection rates regionally. Because of the extremely high tick infestation rates we found, our data suggest that both opossums and dogs may favor tick populations regionally (Table 1, Figure 4). From 102 opossums, 25 had tick infestation rates greater than 25 ticks/individual. From this group, 9 were hosting 100 ticks or more (up to 215); that is an extremely high infestation rate considering the opossum's body size. This finding makes us wonder about their role in tick population dynamics and therefore their role in the ecology of tick-borne pathogens. In this sense, our data contradicts the assumption that “Virginia opossum kill the vast majority of ticks that attempt to feed on them” (Keesing et al., 2010).

The large dog abundance in the study area and the little health care they receive, place them as risk species in the transmission of the tick-borne pathogens for which they may be hosts. Due to the unusually high prevalence of A. phagocytophilum in dogs, they could even be considered reservoir hosts for this Ricketsial. In this context, the role of owned free-ranging dogs in the transmission of A. phagocytophilum becomes important because it is a pathogen that can infect a wide variety of vertebrates, including humans, and because they are an active species at the domestic-wildlife interface (Gompper, 2014). Furthermore, the study area is situated on The Yucatan Peninsula, which is a major stopover site for migratory birds, potentially connecting ticks and pathogen populations from North and Central America (Viana et al., 2016). Within this context, the ecology of A. phagocytophilum as a zoonotic pathogen, involve the diversity of local vertebrate hosts and human health through North and Central America. Further research is needed to determine which vertebrate species are involved in such dynamics; their host-competence; and which tick species from the high extent diversity are competent vectors of these and other tick-borne pathogens.

Understanding the dynamics of disease transmission in the human-domestic-wildlife interface has become a major priority in current ecological and epidemiological research. Under this approach, we found evidence of the presence of A. phagocytophilum in opossums and dogs in a rural area of The Yucatan Peninsula. Despite of the low prevalence of this pathogen in opossums, or null (for E. canis and E. chaffeensis), they could be indirectly involved in the dynamic transmission of tick-borne pathogens due to the high abundance of ticks that they presented. Males may have a major role in the transmission of those pathogens due to the greater average abundance of ticks in relation to the females. Other regional factors also appear to affect the abundance of ticks, such as livestock practices, which may favor it, or agriculture that may decrease it; and that eventually translates into a greater or lesser risk of infection. Regarding the high prevalence of A. phagocytophilum in dogs we found as well as previous reports in Mexico and in the world, they could be considered as a reservoir host in this region. This is a finding that cannot be overlooked in terms of public human and animal health, nor for future research with rickettsiosis in this and other Neotropical socio-ecosystems.
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