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a b s t r a c t

Infectious diseases impact African wild dogs (Lycaon pictus), but the nature and magnitude of this threat
likely varies among populations according to different factors, such as the presence and prevalence of
pathogens and land-use characteristics. We systematically evaluated these factors to assist development
of locally appropriate strategies to mitigate disease risk. Wild dogs from 16 sites representing five uncon-
nected populations were examined for rabies virus, canine distemper virus (CDV), canine parvovirus,
canine coronavirus, and Babesia spp. exposure. Analyses revealed widespread exposure to viral patho-
gens, but Babesia was never detected. Exposure to CDV was associated with unprotected and pro-
tected-unfenced areas where wild dogs likely have a high probability of domestic dog contact and, in
the case of protected-unfenced areas, likely reside amongst high wildlife densities. Our findings also sug-
gest that domestic dog contact may increase rabies and coronavirus exposure risk. Therefore, domestic
dogs may be a source of CDV, rabies and coronavirus, while wildlife may also play an important role
in CDV transmission dynamics. Relatively high parvovirus seroprevalence across land-use types suggests
that it might persist in the absence of spillover from domestic dogs. Should intervention be needed to
control pathogens in wild dogs, efforts to prevent rabies and coronavirus exposure might be directed
at reducing infection in the presumed domestic dog reservoir through vaccination. If prevention of
CDV and parvovirus infections were deemed a management necessity, control of disease in domestic dogs
may be insufficient to reduce transmission risks, and vaccination of wild dogs themselves may be the
optimal strategy.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

The African wild dog (Lycaon pictus) is one of the world’s most
endangered carnivores with <8000 animals, in <800 packs, remain-
ing in the wild (IUCN/SSC, 2007, 2008). While habitat loss, reduced

prey base and persecution were the major causes of historical de-
cline and continue to be important threats to wild dog conserva-
tion (Woodroffe et al., 2007), evidence suggests that infectious
disease may have also contributed to these declines (Woodroffe
and Ginsberg, 1997). Currently, most wild dog populations are re-
duced to small numbers (68 packs), and pathogens may now pose
an even greater threat to long-term population viability due to sto-
chastic extinction events (Ginsberg et al., 1995; Woodroffe and
Ginsberg, 1997). Pathogens, such as rabies virus (Alexander et al.,
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2010; Gascoyne et al., 1993b; Hofmeyr et al., 2000) and canine dis-
temper virus (CDV: Alexander et al., 1996; Goller et al., 2010; van
de Bildt et al., 2002), have been associated with die-offs and popu-
lation declines. If pathogen impacts on wild dogs are similar to
those seen in related species, other pathogens may also be of con-
cern as they might undermine population viability by causing pup
mortality (e.g., canine parvovirus (Mech and Goyal, 1995)), by act-
ing as a co-pathogen that increases the severity of, or susceptibility
to, other infections (e.g., Babesia spp. (Munson et al., 2008)) or by
decreasing general health and hence ability to survive (e.g., canine
coronavirus (McCaw and Hoskins, 2006)). Identifying the presence
and prevalence of these pathogens in wild dog populations is a first
step to evaluating the degree of exposure of different populations
and the nature of potential disease threats. Further, identification
of risk factors associated with pathogen exposure may help man-
agers evaluate whether preventive measures are needed to reduce
these risks, to determine what these measures may be, and to as-
sess the suitability of potential wild dog reintroduction sites. For
conservation managers, evaluating the degree of disease threat is
challenging and must address both the likelihood of pathogen
introduction into an endangered population and its potential im-
pact on population viability. In this paper, we focus primarily on
the probability of pathogen exposure as an important starting
point, while recognizing that the effect of pathogens on population
viability is the more important consideration.

African wild dogs live at low density, including those inhabiting
fenced reserves, and contact between packs is infrequent
(Woodroffe and Donnelly, 2011); hence pathogens that cannot sur-
vive long outside of their hosts and require direct contact for trans-
mission, such as CDV and rabies virus (Greene and Appel, 2006;
Greene and Rupprecht, 2006) or contact with fresh infectious
material, such as coronavirus (McCaw and Hoskins, 2006), may
be spread rapidly within a pack but may rarely be transmitted to
other packs. In addition, pathogens such as rabies virus and CDV
that cause a high degree of mortality and/or induce life-long
immunity are likely to go extinct within a pack once all suscepti-
bles have been infected.

Although wild carnivore species such as bat-eared foxes
(Otocyon megalotis) and black-backed jackals (Canis mesomelas)
are thought to act as rabies virus reservoirs in southern Africa
(Bingham, 2005; Hofmeyr et al., 2000), research suggests that, in
most of Africa, domestic dogs (Canis familiaris) are the principal
reservoir for rabies virus (Lembo et al., 2008; Prager et al., in prep-
aration) and possibly CDV (Alexander et al., 1996; Cleaveland
et al., 2000; Gowtage-Sequeira et al., 2009), from which these
pathogens can spill over into wild carnivore populations. Proxim-
ity to domestic dog populations may therefore pose a significant
exposure risk to African wild dogs. By contrast, pathogens such
as parvovirus can survive in the environment for months (McCaw
and Hoskins, 2006); thus opportunities for between-pack trans-
mission are greater, and, once introduced, might be maintained
in a wild dog population in the absence of an external reservoir.
Similarly, pathogens with complex lifecycles involving inverte-
brate vectors, such as Babesia spp. (Taboada and Lobetti, 2006),
might be able to persist in low-density host populations
(Lloyd-Smith et al., 2005) such as those of wild dogs. Domestic
dogs can transmit all of these pathogens to wild dogs, either
through close contact (rabies virus, CDV), via feces (coronavirus,
parvovirus), or through shared ectoparasites (Babesia spp.), and
might therefore be the original source of infection to susceptible
wild dog packs; however, once introduced into an ecosystem cer-
tain pathogens may be able to persist without subsequent domes-
tic dog-to-wild dog transmission events. Nevertheless, contact
with or proximity to domestic dogs, or other species that harbor
these pathogens, may increase the level of exposure even when
the pathogen is endemic.

Land-use characteristics of areas inhabited by wild dogs, such as
fencing and protected status, are likely to influence wild dogs’
probability of exposure to domestic dogs and may therefore be
used as predictors for domestic dog contact. ‘‘Predator proof’’
fences separate wildlife from domestic animals in some areas, thus
limiting domestic dog contact with the wildlife contained within.
Wildlife species from unfenced protected areas are likewise ex-
pected to have a relatively low probability of contact with domes-
tic dogs where dogs are actively excluded by park staff. However,
domestic dogs may live at high densities on lands adjoining pro-
tected areas, thus creating a perimeter zone where opportunities
for pathogen transmission from domestic dogs may be high (Butler
et al., 2004). Protected areas may also allow wildlife to reach great-
er densities than those on unprotected areas where the threats of
poaching and persecution may be greater. In the absence of fences,
these high wildlife densities may facilitate pathogen transmission
from high domestic dog densities at the periphery to wild dogs
and other wildlife at the center of a reserve.

Our goal was to determine the presence and prevalence of four
viral pathogens of concern (rabies virus, CDV, canine parvovirus
and canine coronavirus) and one protozoal pathogen of interest
(Babesia spp.) in African wild dog populations across much of their
range. While exposure to some of these pathogens has been exam-
ined previously in a number of wild dog populations across Africa
(Alexander et al., 1993a,b, 2010; Creel et al., 1997; Gascoyne et al.,
1993b; Laurenson et al., 1997a,b; Van Heerden et al., 1995), differ-
ences between the serological methods and laboratories used pre-
cludes direct comparison of results across sites. We sought to
reliably and comparably screen samples across multiple sites and
populations to identify risk factors for pathogen exposure among
wild dogs. In particular, we sought to understand whether large-
scale land-use management characteristics, associated with
varying probabilities of contact with domestic dogs, influenced
infectious disease exposure in wild dogs. We hypothesized that,
as the probability of contact with domestic dogs increased, expo-
sure to directly transmitted pathogens would increase. In contrast,
we hypothesized that pathogens with environmental persistence
or complex lifecycles might be able to persist in wild dog popula-
tions in the absence of an external reservoir, such that wild dog
exposure might not be as influenced by land-use type and proba-
bility of contact with domestic dogs. Data collected from wild
dog populations across 16 sites in sub-Saharan Africa allowed us
to test these hypotheses.

2. Methods

2.1. Samples

Blood samples, and associated background data, were collected
between 1988 and 2009 from 268 individual African wild dogs
distributed across 16 sites in five countries (Fig. 1, Table S1)
(Gascoyne et al., 1993a; Osofsky et al., 1996; Rasmussen and
Macdonald, 2012; Spiering et al., 2009; Van Heerden et al., 1995;
Woodroffe, 2011). Where individual animals were sampled repeat-
edly, data from only a single sampling date were included in statis-
tical analyses. This date was chosen by ordering individuals by ID
and then alternately choosing the first, or second, sampling date
to avoid collection bias. The majority of wild dog samples were
tested between 2008 and 2010. All samples and data were col-
lected in the course of wild dog monitoring projects. These 16 sites
represented five unconnected wild dog populations; nine sites in
South Africa were managed as a single connected metapopulation;
Kruger National Park in South Africa was considered a single pop-
ulation, four sites fell within a very extensive connected population
covering eastern Namibia, southern Angola, southern Zambia,
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