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Abstract

Background: Human population expansion has increased the contact between domestic
animals and wildlife, thereby increasing the transmission of infectious diseases including
canine distemper virus (CDV). Here, we investigated the risk factors associated with
CDV exposure in domestic and wild carnivores from the Janos Biosphere Reserve (JBR),
Mexico.

Methods: A cross-sectional household questionnaire study was performed in four rural
towns to investigate the risk factors associated with the presence of CDV in domestic
and wild carnivores from the JBR, Mexico. In addition, we tested serum samples from
70 dogs and three wild carnivores, including one bobcat (Lynx rufus), one striped skunk
(Mephitis mephitis) and one gray fox (Urocyon cinereoargenteus) for CDV antibodies
using immunochromatographic and viral neutralization assays.

Results: Overall, 62% of domestic dogs were seropositive for CDV, and the presence
of antibodies was significantly higher in free-roaming owned dogs than dogs with
restricted movement. Among the wild carnivores, only the bobcat was seropositive. The
rate of vaccination against CDV in dogs was low (7%), and there was a high rate of direct
interactions between domestic dogs and wild carnivores.

Conclusion: Our serological assays show that CDV is circulating in both domestic dogs
and wild carnivores, suggesting cross-species transmission. Our finding of low vaccina-
tion rates, high number of unrestrained owned dogs and direct interactions between
wildlife and domestic animals reported in the region may be perpetuating the high
prevalence of the virus and increasing the risk of CDV transmission between wild and
domestic carnivores. Therefore, long-term longitudinal studies are recommended in
order to monitor infectious diseases at the domestic-wildlife interface in this highly bio-
diverse region.
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the family Paramyxoviridae that causes a highly infectious
and severe systemic disease affecting domestic and wild carni-

Over the past few years, the accelerated growth and expansion
of humans and domestic dogs (Canis lupus familiaris) have
impacted ecosystem structure and function, increasing direct
and indirect interactions with wildlife. Often, these interac-
tions have been the starting point for the spread of serious
diseases that affect animals of different taxa; canine distem-
per virus (CDV) is an example of this phenomenon. This
pathogen can cause high mortality rates, representing a major
welfare and conservation concern worldwide for domestic
dogs and wild carnivores."> The pathogen is a large, single-
stranded RNA virus belonging to the genus Morbillivirus in

vores worldwide.** CDV has been associated with population
declines of wild carnivore species, such as the black-footed
ferrets (Mustela nigripes),” African lions (Panthera leo),® and
African wild dogs (Lycaon pictus),”* and some of these out-
breaks have been directly associated with the spillover of CDV
from domestic dogs.>*!

In Mexico, CDV is a common pathogen in household
dogs,'"? but little is known about its eco-epidemiology in
free-roaming dogs in rural areas where wild and domestic
interface occurs. To our knowledge only two studies have been
conducted on domestic and wild carnivores in Mexico. One of
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FIGURE 1
ESP: Ejido San Pedro; CJ: Casa de Janos)

them was a serological survey of CDV in jaguars and domes-
tic dogs in the state of Campeche in tropical Mexico, and the
other included both molecular and serological surveillance in
both domestic and wild carnivores in the state of Chihuahua
in northern Mexico."!*

The Janos Biosphere Reserve (JBR) is located in north-
western Mexico and is considered a priority conservation
site for North American biodiversity."'® Carnivores are the
second most represented Order at JBR, with a total of 12
species inhabiting the area, including the Mexican gray wolf
(Canis lupus baileyi) which is an endangered species.”””'* The
black-footed ferret is an endangered mustelid that suffered
a dramatic decline explained by the decline of its main prey
the prairie dog (Cynomis spp.), as well as by CDV infection.”
The black-footed ferret was re-introduced in JBR in 2001,
but unfortunately there are no current records indicating that
the reintroduced populations have thrived."* Infections such
as CDV may have constrained reintroduction success. Rural
human settlements and agriculture activities are increasing
in this region,”’ shrinking native grasslands, which in turn
might increase contact rates between domestic and wildlife
and modify pathogen dynamics.

Itis important to note that dogs have played important roles
in human history as companion animals, household guardians
and livestock protectors.” Dog populations have reached over
1.2 billion individuals globally in urban, rural and natural
protected areas, increasing ecological and epidemiological
concerns for animal and public health.” Sometimes, dogs are
unsupervised and have no spatial restriction by their owners;
these are known as free-roaming dogs. Free-roaming dogs
are known to be an impediment to wildlife conservation
goals.”” These dogs have been responsible for introducing
infectious diseases whose causal agents have adapted to
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Sampling cites along the Janos Biosphere Reserve, Chihuahua, México. Capital letter refer to locations (MV: Monte Verde; PV: Pancho Villa;

new host species around the world, including rabies, canine
parvovirus and CDV.*** Therefore, studying the ecology of
free-roaming dogs and the epidemiology of critical infectious
diseases affecting wild carnivores, such as CDV, is crucial
for designing specific conservation strategies to reduce the
impact of domestic dog diseases on native wildlife.

The goals of this study were to [1] determine the presence or
absence of antibody response against CDV in domestic dogs
and wild carnivores, [2] assess domestic and wild carnivore
interactions and [3] identify risk factors for exposure to CDV
in domestic dogs in the JBR based on epidemiological and
ownership patterns.

MATERIALS AND METHODS
Study area

The JBR (31°11'7.63"” - 30°11'27.45"” N and 108°56’49.17"
-108°56'22.1" O) covers most of the Municipality of Janos,
Chihuahua with an area of 530,000 ha (Figure 1). It shares
a border with the United States and the state of Sonora,
Mexico. There are 53 rural towns within the reserve, with a
population of less than 2500 inhabitants (Semarnat, 2013).%°
The JBR is located within the Chihuahuan Desert ecoregion
at elevations from 1200 to 2700 meters altitude. The main
types of vegetative cover are grasslands, shrubs and forests,
and it is inhabited by 79 species of mammals.'

Sampling design

We conducted the study during March 2015 in four towns
(Ejido San Pedro [ESP], Monte Verde [MV], Pancho Villa
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[PV] and Casa de Janos [C]]) (Figure 1). To assess ownership
patterns and domestic and wild carnivore interactions, we
conducted a cross-sectional household questionnaire. We
randomly selected 4-6 blocks from each town, each block
had a perimeter of approximate 1000 mts. The questionnaires
were deployed at each block by choosing a random house
and asking if the inhabitants owned a dog and consented to
participate. If consent was not provided or the house did not
own a dog, we continued around the block until obtaining the
consent of a dog-owning household. To determine the sample
size to evaluate the prevalence of antibodies against CDV
in the study area, we estimated the number and densities of
domestic dogs at each village by counting sighted dogs along
linear transects 100 meters wide. The length of the transects
varied depending on the size of the towns (ESP 3.5 km, MV
11.7 km, CJ 4 km and PV 8.3 km). The surface area of each
town was calculated by drawing a perimeter connecting the
most external households in each town using Google Earth V
7.1.4.1529 satellite imagery (Maxar technologies) from 2014.
This gave us an estimated population size of 306 dogs in total
for all four towns. The target sample size was calculated based
on an estimated 72% prevalence of antibodies against CDV as
reported in similar studies conducted with dogs in Chile and
India®?® and a 95% confidence interval at 10% absolute preci-
sion. This yielded a target sample size of 68 dogs. We sampled
70 dogs (20 in ESP, 20 in MV, 10 in PV and 20 in CJ) to assess
CDV exposure and acquired information about those dogs
and their ownership features using a questionnaire answered
by their owners. Questions were related to dog’s general
information and care, such as age, diet, function performed
at home (companion animal, guard dog to protect the house-
hold, shepherd dog to protect the livestock), deworming,
vaccination status, and whether the dogs were restricted in
their movements or free-roaming. Free-roaming was defined
as dogs allowed to roam freely on the streets and natural
area. In addition, we asked other questions about interactions
between wild carnivores and domestic dogs (e.g. predation
and habitat overlap) in the towns and surrounding areas. To
assess CDV serology in the study population of domestic
dogs, a blood sample was collected from the cephalic vein
of each dog with prior authorization from the owners. The
study was approved and performed based on UNAM Vet-
erinary School’s animal care and use protocol and guidelines
(03-V-89).

Capture of wild carnivores

Wild carnivores were captured near Casa de Janos along a
transect of 10 trapping stations placed along roads and trails
spaced 500-800 meters apart (spanning a total of seven kilo-
meters in length). Each station consisted of a box trap (30”
X 30” X 70" or 60” X 20” X 28", Tomahawk Live Trap Inc.,
WI, USA), and a leg-hold soft catch trap (#1.75 or #3 Victor
Coil Soft Catch, Cleveland, OH, USA), spaced 20-50 meters
apart. Each station was baited with sardine, tuna and commer-
cial lure (Kishel’s, East Aurora, NY). Traps were active at night
from 14th March to 22nd March resulting in a sampling effort
of 90 trap nights, checked twice per night.

We captured three wild carnivores: a gray fox (Urocyon
cinereargenteus), a bobcat (Lynx rufus) and a striped skunk

(Mephitis mephitis); each of these individuals was sam-
pled. These individuals were immobilised with a mixture of
ketamine hydrochloride (Anesket; Pisa, Atitalaquia, Hidalgo,
Mexico) and xylazine hydrochloride (Rompun; Pisa, Atita-
laquia, Hidalgo, Mexico) according to the doses described
elsewhere.”” The doses used for each individual can be found
in Table 1. All procedures for trapping and handling car-
nivores followed the guidelines of the American Society of
Mammologists*® and were approved by the Mexican Secretary
of Environment and Natural Resources (Permit FAUT-0250).

Sample collection and storage

Both domestic dogs and wild carnivores were weighed, sexed,
identified to species level, and examined for any sign of dis-
ease. Blood samples were collected (3 mL each) in Vacutainer
tubes without anticoagulant from the cephalic or femoral vein;
tubes were centrifuged at 3000 RPM for 15 min to obtain
serum. Serum samples were transferred into 1.5 ml cryotubes
and subsequently stored at —4°C. Samples were later trans-
ferred to a —70°C freezer until processed.

Laboratory analysis procedure

Domestic dog serum samples were analysed using a rapid
diagnostic kit for immunochromatography (BioNote Inc.,
Zapopan, Jalisco, México) with a sensitivity of 98.6% and
specificity of 100%, following the manufacturer’s instructions.
Wild carnivore samples were analysed by viral infectivity neu-
tralization, using Crandell-Rees Feline Kidney Cell cell cul-
ture line (CRFK ATCC CCL-94) and attenuated Bussell strain
virus based on the procedure previously described by Nakano
et al.”” Positive samples were those in which there was a loss
of the infecting capacity of the virus due to the reaction of the
protective antibodies present in the sample. Neutralizing anti-
body titer was determined by calculating the level of the anti-
bodies at the greatest dilution (lowest concentration) of the
serum sample at which the assay still produced a detectable
positive result.

Data analysis

The association between the presence of antibodies in dogs
(binary response variable) and the dog’s locality, function at
home, number of dogs per household, free-roaming and age
(explanatory variables) was assessed using a logistic regression
model using SPSS software. We assessed collinearity using a
Spearman rank-order correlation (rho, p) to exclude strongly
correlated variables (rs > 0,6; p < 0,05) from the model. Prior
to multiple logistic regression, we performed simple logistic
regression analyses between each of the explanatory variables
and the dependent variable. In the multiple models, we only
included variables that had a significant association (p < 0.05)
with the dependent variable. We also used the Spearman cor-
relation coefficient for non-parametric data to evaluate the
relationship between the presence of antibodies in domestic
dogs, average age and dog densities per town.
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TABLE 1
Antibodies

Species Immobilization agent dose Sex Sign of disease against CDV
Grey foxUrocyon cinereargentus Ketamine 20 mg/kgXylazine 1 mg/kg Male None No
BobcatLynx rufus Ketamine 10 mg/kgXylazine 1.5 mg/kg Female None Yes
Hooded skunkMephitis macroura Ketamine 15 mg/kgXylazine 8 mg/kg Male None No
TABLE 2 Dog’s calculated demographic data in the sampled localities

Ejido San Pedro Monte Verde Casa de Janos Pancho Villa
Dogs counted 64 dogs in 35 ha 134 dogs in 117 ha 54 dogs in 40 ha 54 dogs in 102 ha
Dogs calculated densities 1.8 dogs/ha 1.1dogs/ha 1.4 dogs/ha 0.5 dogs/ha

RESULTS

Of the 70 domestic dogs sampled, five individuals were
excluded from the analysis because they had been vaccinated
against CDV (n = 65). Overall, antibodies were detected in
62.5%, (95% CI [59.8, 65.1]), and specific values from each
town were 47% in ESP, 63% in CJ and 70% in PV and MV.
Nine dogs had clinical signs associated with distemper (weak-
ness, lack of appetite, malnutrition, vomiting, diarrhea, neu-
rological alterations, nasal secretions, conjunctival secretions,
cough or sneezing). Six of these were also seropositive for IgG
against CDV 67% (6/9). Out of the three wild carnivores sam-
pled, a female bobcat was the only positive individual with a
high titer of neutralizing antibodies (1:15,849).

Seventy-four percent (52/70) of the households interviewed
claimed to have seen free-roaming owned and stray dogs
(unowned) on the streets in the towns and/or in the protected
native grasslands. During the survey we were able to confirm
the presence of stray dogs in two of the four towns. Using
our demographic data, we estimated a dog population density
between 0.5-1.8 dogs/ha (Table 2). The majority of the dogs
were males (64%). The average age was 2.8 years, and 63% of
the individuals ranged from 1 to 5 years old. The majority of
owners had one or two dogs in their households (67%), and
veterinary attention (preventive or for treatment) was very low
(7%). Mostly, dogs were mongrels and fulfilled the functions
of companion animal (64%), guard dog (27%) and shepherd
dog (9%).

The questionnaire results regarding ownership patterns
indicated that the majority of owned dogs were free-roaming
in three of the four towns (MV 65%, PV 80%, CJ 65%),
whereas less than half of the owned dogs were free-roaming
in ESP (48%). Eighty percent of shepherd dogs and 70% of
guard dogs were allowed to roam freely in the community and
accompanied their owners to the cultivated lands immersed in
the protected area.

According to the questionnaire results, interactions
between free-roaming dogs and wild carnivores were men-
tioned in all locations. PV and MV were the towns with the
highest percentage of recognition of interactions (40% and
40%, respectively), followed by CJ (35%) and ESP (25%).
Direct contacts between free-roaming dogs and coyotes
(Canis latrans), skunks (Mephitis spp.) and bobcats were
described, stating that free-roaming dogs were usually seen
alone or in packs wandering into the protected area. Coyote,
bobcat, skunk and gray fox were the most frequently seen

species near human settlements. The highest number of
wildlife sightings was reported for CJ, including a recording
of a black bear (Ursus americanus), while the lowest sighting
was in ESP.

The logistic regression model (Table 3) revealed that free-
roaming is a risk factor for CDV exposure (OR = 3.05,
p < 0.05) and we found no association between the function of
the dog (guardian, shepherd, companion) and CDV seropos-
itivity.

On the other hand, based on the Spearman correlation
analysis, we found a significant negative correlation between
the presence of antibodies against CDV and dog densities
(r [63] = —0.95; p < 0.05) and a positive correlation between
the antibodies and average ages (r [63] = 0.95; p < 0.05). Thus,
the presence of antibodies decreases as dog population density
increases, and older dogs are more likely to have been exposed
to CDV.

DISCUSSION

Our study on the risk factors for CDV exposure in domes-
tic dogs shows that this infectious agent is circulating in both
dogs and wild carnivores and that free-roaming dogs have an
increased risk of exposure. Morbilliviruses are a growing epi-
demiological problem because of their ability to infect multi-
ple species and have been associated with mass mortality in
marine and terrestrial mammals, including several species of
wild carnivores worldwide.**" Tt affects the body systemically,
with generalized signs such as fever, vomiting and diarrhea,
along with skin disorders and neurological signs in advanced
stages.” It is a major welfare concern in dogs, but overall vac-
cination rates are low.*> The spillover of CDV from domestic
dogs to wild carnivores has been documented worldwide and
has a level impact that varies among different native carnivore
populations. There are a few cases where it has even brought
populations to the brink of local extinction, as it is the case
of the black-footed ferret in North America’® and African wild
dogs in the Serengeti.”

The ecology and evolution, host range and spillover events
of CDV have been scarcely described worldwide, and little is
known about its impact on wildlife from Mexico. Our results
offer valuable insight into the relationships between dog
demography and ecology and CDV exposure in a human-
domestic-wild interface in northwestern Mexico. The high
prevalence of antibodies against CDV in dogs (62%) was
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TABLE 3  Logistic regression model for estimating the risk factors for the exposure to canine distemper virus in domestic dogs in the Janos Biosphere
Reserve, Mexico
Predictive parameter N (%) Coeflicient OR 95% CI p value
Age (continuous) 0.23 1.26 0.98-1.61 0.07
Free-roaming
Free-roaming dogs 39 (60%) L 3.05 1.04-8.96 0.04*
Dog per house —0.43 0.65 0.41-1.02 0.06
Function
Guardian dog 45 (64%) 1.4 4.06 0.97-16.55 0.06
Shepherd dog 19 (27%) 0.27 L3 0.14-7.07 0.99
Companion animal 6 (9%) 0.14 115 0.85-4.16 0.12

*Significant values.

consistent with several reports worldwide. For instance,
antibodies against CDV in domestic dogs from rural areas
in northern Chile ranged from 72 to 75%,” and in India,
Belsare and Gompper”® found a similar prevalence of over
72% in rural free-roaming dogs. In rural areas of Southern
Chile, there was a high overall seroprevalence of CDV in
(52%), which ranged from 36% to 80% depending on the
site.” In Mexico, a 52% seroprevalence has been reported in
free-roaming dogs from the Calakmul Biosphere Reserve."
All these studies suggest that free-roaming dogs may play
a role in increasing the prevalence of the virus in wildlife,
although the possibility of wildlife transmitting CDV to dogs
cannot be ruled out. CDV can be spread through feces, urine
and other body secretions, so it is easily transmitted between
individuals inhabiting the same territory,” even if there is no
direct contact. If unvaccinated dogs roam freely, the virus can
widely disseminate not only between dogs, but also among
other carnivores. The results of this research, along with
the low vaccination rate against CDV, highlight the need to
devote special attention to responsible ownership practices,
including supervision and veterinary care, to help control
spread of this infectious disease.”

Enforcing widespread dog vaccination can reduce CDV
infection among dogs®* and could therefore prevent its trans-
mission to wild carnivores. However, further research is
needed to assess the effectiveness of this management option
to protect species-rich ecosystems from CDV. Besides the high
proportion of unvaccinated dogs (93%, 65/70), the population
density has been in many studies a plausible explanation for
the high CDV antibody prevalence. However, contrary with
several studies which reported that CDV prevalence is often
positively associated with population density,®*> we found a
lower prevalence of CDV seropositivity in dogs in places with
higher dog density. Our results may reflect a decrease of the
direct contact between individuals or infected feces due to the
higher rate of dogs with restricted movement. Another likely
explanation for this result could be a previous decrease of dog
population driven by a high mortality rate caused by CDV
outbreaks. Nevertheless, although CDV is generally believed
to be a density-dependent disease, several other studies have
surprisingly found the virus can persist among low-density
host populations.®*® San Pedro was the site with the lowest
percentage of free-roaming dogs, while Pancho Villa had the
highest. This is consistent with the results of low presence of
antibodies in San Pedro, and the high presence of antibod-

ies in Pancho Villa. This finding, along with the results from
the logistic regression analysis showed that free-roaming is
a risk factor for the presence of antibodies against the virus,
while the densities did not show any association in the logis-
tic regression. In our study, we only included owned domestic
dogs, but we consider that that stray (unowned) dogs could
also have an impact in CDV epidemiological dynamics. Thus,
further studies are needed to understand the role of stray dogs
in the transmission of CDV in JBR.

A bobcat captured 5 km away from Casa de Janos was the
only wild carnivore presenting antibodies against CDV. A pre-
vious study conducted in JBR reported the presence of CDV
in eight wild carnivores through molecular analysis, including
bobcats captured near Casa de Janos and Pancho Villa.'® Sim-
ilarly, Harrison in 2010 reported positive results in bobcats
through serology in the Chihuahua desert of New Mexico.”’
Likewise, in eastern Canada, Daoust et al*® found one bobcat
and six lynx (Lynx canadensis) that died from CDV, as demon-
strated by serology and molecular analysis. A number of peo-
ple in this study reported direct interactions between domestic
dogs and wild carnivores. It is therefore important to deter-
mine whether domestic animals are playing a role in the trans-
mission of the virus. Infected animals, either dogs or other car-
nivores, can be reservoirs of the virus®® and transmit it to other
species that do not usually have contact with human or domes-
tic dog populations. Due to the lack of historic exposure to
CDV, other previously unexposed populations could be highly
susceptible to the virus and could be strongly affected.*’

The study area is immersed in one of the most impor-
tant reserves for the conservation of mammals in Mexico.
The results of this study, together with those reported by
Moreno™ indicate that the virus is circulating in carnivores
in the region; however there is no information on the poten-
tial negative impact on the populations of wild carnivores in
the JBR. Considering the ongoing attempts to re-introduce the
black-footed ferret to this region'® and the high susceptibil-
ity that this species has historically shown to the virus,*’ bet-
ter understanding of the epidemiological characteristics of the
CDV is especially important in this area.

Controlling or eradicating canine distemper is a challeng-
ing and complex goal since the virus circulates within mul-
tiple hosts within ecosystems, and its means of transmission
and pathogenesis are evolving.*! Even though this study does
not demonstrate direct interspecific infection risk for CDV
between domestic and wild populations, spill-over cannot be
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ruled out. Therefore, it is important to investigate the circulat-
ing strains of this virus and assess the need to prevent future
outbreaks that could affect highly susceptible wild carnivore
species.
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