
Infectious diseases are an increasing threat to wild-
life, domestic species, and humans around the 

world (1,2). Although the recent SARS-CoV-2 pan-
demic has demonstrated the effects of zoonotic trans-
mission of viral diseases from wildlife to the human 
population, the dynamics of pathogen transmission 
between domesticated animal populations and syl-
vatic populations can drive the emergence of infec-
tious diseases in wildlife species, with potentially 
catastrophic outcomes (2). The risk from disease is 

greatest for small populations that live in close prox-
imity to humans and their livestock and companion 
animals; small populations face a greater likelihood 
of stochastic population change caused by disease 
spillover that can further reduce population size or 
even lead to extinction (1,2). Domestic dogs are a par-
ticular danger to wild carnivores and are linked to 
many incidences of pathogen transmission that cause 
conservation issues (3–7), because increasing popula-
tions of free-ranging dogs in rural and wild areas lead 
to frequent spillovers of disease into wildlife (3,4).

Rabies affects many mammal species, including 
humans and livestock. When the virus persists within 
domestic dog populations, it is often a public health 
and conservation threat (8). Rabies virus is a particu-
lar concern for several threatened carnivores (9) in-
cluding endangered African wild dogs (Lycaon pictus) 
(10–12) and Ethiopian wolves (Canis simensis) (13–16). 
Rabies virus is one of the few viral pathogens that 
almost always causes a fatal clinical disease from a 
productive infection. Other diseases of domestic and 
wild animals are emerging as threats to endangered 
species worldwide, including canine distemper virus 
(CDV). CDV is a highly infectious virus that causes 
a profound immunosuppression after infection, often 
leading to secondary opportunistic infections driv-
ing high rates of illness and death (17). In contrast to 
rabies virus, CDV can circulate in a mild state; dis-
ease outcomes are dependent on viral and host ge-
netics, immunostatus, nutritional status, and species 
susceptibility (18). In recent years, spillovers of CDV 
from domestic dogs have been associated with severe 
declines in wild carnivore populations worldwide. 
Outbreaks have been recorded in African wild dogs 
(5,6,19,20), lions (Panthera leo) (19,21), black-footed 
ferrets (Mustela nigripes) (22), Ethiopian wolves 
(16,23), Santa Catalina island foxes (Urocyon littoralis) 
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Intensive disease surveillance in an endangered popu-
lation of Ethiopian wolves provided evidence of concur-
rent outbreaks of rabies and canine distemper viruses 
in 2019, including co-infection in an individual animal. 
Disease surveillance and intensive monitoring of wolf 
packs in Ethiopia were essential in detecting the concur-
rent outbreaks and enabled accurate assessment of dis-
ease from both pathogens. The study highlights the risk 
posed to endangered populations that are susceptible to, 
or live in areas with, reservoir hosts for canine distemper 
and rabies viruses. Instances of concurrent distemper 
and rabies outbreaks appear unusual in the existing lit-
erature; modeling for one disease might underestimate 
the risk for extinction. Concurrent outbreaks may have 
a larger effect than single-disease outbreaks, even in 
a population that has partial vaccination coverage. Re-
searchers studying wildlife populations from a conserva-
tion perspective should be aware that both diseases can 
strike at once where susceptible populations exist.

http://www.cdc.gov/eid
https://doi.org/10.3201/eid3012.240432


RESEARCH

(24), Caspian seals (Pusa caspica) (25), spotted hyenas 
(Crocuta crocuta) (26), Amur tigers (Panthera tigris al-
taica) (27), and gray wolves (Canis lupus) (28).

Across rural Africa, the interface between domes-
tic and wild animals provides many opportunities for 
transmission of infectious viral diseases; Ethiopia ex-
periences some of the highest incidences of rabies in 
the world (29). In this context, there is an unexplored 
risk for population decline or extinction from concur-
rent disease outbreaks in wildlife. Several case studies 
have investigated the effect of disease on population 
extinction risk and management strategies to reduce 
this (30–32), but they tend to focus on a single disease in 
the system or the presence of a single disease at a time. 
Diseases, however, can function differently in the same 
population; for example, CDV and rabies differ in their 
reservoir species and dynamics in African wild dogs 
(6,7). Carnivore species have experienced outbreaks of 
each of these diseases on separate occasions or in dif-
ferent populations (5,6,10–12,16,19–21,23), yet concur-
rent infections have only been recorded in northern 
raccoons (Procyon lotor), red foxes (Vulpes vulpes), and 
striped skunks (Mephitis mephitis), in the United States 
(33–35). There is a critical knowledge gap on the demo-
graphic outcomes of multiple viral infections in wildlife, 
in the face of increasing frequency of CDV and result-
ing illness in wild carnivores (36,37). Studies that report 
co-infection rarely address demographic outcomes and 
are often limited to either individual deaths (38) or re-
port co-infections not linked to disease outbreaks (39).

The risk for concomitant outbreaks should be 
considered and explored further in vulnerable pop-
ulations, particularly those of conservation concern 
(16,40). Concurrent outbreaks, like single outbreaks, 
can easily be unnoticed unless disease monitoring 
and diagnoses are sustained throughout an outbreak, 
and testing is performed for multiple pathogens. 
Here, we report concurrent outbreaks of rabies and 
distemper among Ethiopian wolves, describing the 
spatial and temporal spread of deaths and the overall 
impacts on the host population. Individually, those 
diseases have had a substantial impact upon the 
Ethiopian wolf population in the Bale Mountains of 
Ethiopia (the largest population, with more than half 
the surviving 500 wolves), and consecutive outbreaks 
have led to extinction of one of the smallest popula-
tions (16). 

Materials and Methods

Wildlife Population
Monitoring of the Ethiopian wolves in the Bale Moun-
tains has been continuous since 1997, with a long-term  

focus on 2 core subpopulations, Sanetti Plateau and 
Web Valley; the neighboring subpopulations of More-
bawa (connected to the Web Valley by the Genale 
Corridor) and Chafadalacha were also monitored. 
Subpopulations are groups of neighboring wolf packs 
separated from others by geographic barriers or habi-
tat bottlenecks. A team of 6–8 experienced monitors 
routinely observe Ethiopian wolf packs on foot or 
horseback, during the daytime, following standard 
protocols (15,41). Disease surveillance is also part of 
the routine field monitoring; carcasses are found op-
portunistically or in response to reports by park rang-
ers and members of the local community, and searches 
intensify afterward. Well-established disease alert net-
works, involving local communities, animal health of-
fices and park staff, also contribute to dectection of dis-
eases among local dog populations. We implemented 
oral rabies vaccination campaigns in 2018 and 2019, 
concentrated in Morebawa (10 packs) and the Web 
Valley (2 packs); no packs in the Sanetti Plateau were 
vaccinated before the outbreak (Ethiopian Wolf Con-
servation Programme, unpub. data). A limited trial 
of a CDV vaccine targeting packs in Chafadalacha (2 
packs) and Morebawa (1 pack) was also performed.

Observations and Data Collection
In March 2019, an Ethiopian wolf carcass was found 
in the Bale Mountains, and an infectious disease was 
suspected as the cause of death; subsequently, moni-
toring for carcasses increased across the area. We con-
ducted detailed necropsy examinations of carcasses 
whenever possible and collected tissue samples, in-
cluding lymph node, lungs, spleen, and brain. We 
targeted tissue collection to ensure that organs as-
sessed for infection were appropriate for each patho-
gen tested. The estimated time of death was assigned 
into categories according to the level of decomposi-
tion: within 1 day, 1–2 days, within 1 week, within 1 
month, and >1 month.

Laboratory Procedures
We tested samples for both rabies and CDV viral nu-
cleic acids because these diseases have previously been 
detected in the population and caused outbreaks of 
disease in this area. For evaluation of viral nucleic acid 
within samples, we extracted total RNA as described 
previously (42); all suspect material was handled with-
in a Biosafety Level 3 facility at the Animal and Plant 
Health Agency (Weybridge, UK). To detect rabies vi-
rus nucleic acid, we used a pan-lyssavirus SYBR green 
reverse transcription PCR as described previously (43). 
We detected canine distemper virus using an in-house 
real-time reverse transcription PCR (42). 

2568 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 30, No. 12, December 2024

http://www.cdc.gov/eid


Rabies and Canine Distemper Outbreaks in Wolves

Disease Mapping and Population Assessment
We mapped the spread of diseases across the Bale 
Mountains wolf population from the global posi-
tioning satellite locations of carcasses and adjusted 
by the estimated time of death. We derived com-
plementary data on population change from inten-
sive monitoring of packs in the 2 core areas, Web 
Valley and Sanetti Plateau, including the complete 
set of neighboring packs (8 in Web Valley and 5 in 
Sanetti Plateau). Those social groups and their ter-
ritories were typically stable, which aided us in to-
tal counts; sightings of large and complete groups 
were common, particularly during early morning 
and evening communal greetings, during pack ter-
ritorial patrols, and around dens during the breed-
ing season. We followed standard protocols for 
close observations of focal packs throughout the 
year to obtain accurate information on their size, 
composition, and reproductive success; observa-
tion enabled us to perform complete enumerations 
of wolves into age and sex classes and to note in-
dividuals recognized by ear marks or morphologic 
clues (41). We assessed population change as a re-
sult of the outbreaks by comparing the total num-
ber of wolves and the number of wolves of different 
age and sex categories, compared before and after 

the outbreaks, based on the estimated time of death 
of the first and the last carcass found.

Results

Deaths
During March 2019–November 2019, we found 57 
carcasses and observed another 5 wolves with ad-
vanced clinical signs consistent with an infectious 
agent (Table 1; Appendix Table 1, https://wwwnc.
cdc.gov/EID/article/30/12/24-0432-App1.pdf). 
Wolves died in at least 19 packs in 4 subpopula-
tions: Sanetti Plateau, Chafadalacha, Web Valley, 
and Morebawa. We extracted samples for laboratory 
analyses from 19 of those carcasses; other carcasses 
were in an advanced state of decomposition or se-
verely scavenged. Seven animals tested positive for 
rabies virus and 13 tested positive for CDV, 1 in-
dividual tested positive for both pathogens. In the 
animals with confirmed diagnoses, death caused by 
distemper was higher than death apportioned to ra-
bies. However, we were unable to extrapolate those 
findings to populations because less than half of the 
carcasses detected could be tested for diseases, but 
the number tested is still significant in comparison 
with data from other studies.

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 30, No. 12, December 2024 2569

 
Figure 1. Characteristics of Ethiopian wolf carcasses found in the Bale Mountains in a study of concurrent outbreaks of rabies and 
canine distemper, Ethiopia, 2019* 

Pack 
Carcasses 

found 
Known sex  Known age† Carcasses 

tested 
Rabies 
positive 

CDV 
positive M F Adult Subadult Juvenile 

Sanetti Plateau subpopulation          
 Badagasa 8 0 3  1 1 2 2 1 1‡ 
 Batu 3 0 0  2 0 0 0 0 0 
 BBC 4 

 
3  2 0 1 2 0 2 

 Bilisa 1 1 0  1 0 0 1 0 1 
 Buyamo 1 0 0  0 0 0 0 0 0 
 Garba Gurracha  1 0 0  0 1 0 0 0 0 
Chafadalacha subpopulation 

  
 

      

 Chafadalacha 1 0 0  0 0 0 0 0 0 
 Konteh 2 0 0  0 1 0 0 0 0 
Web Valley subpopulation          
 Alandu 1 0 1  0 0 1 1§ 1§ 1§ 
 Bowman 4 2 1  1 1 2 2 1‡ 1 
 Gata 1 1 0  0 1 0 0 0 0 
 Habale 1 0 0  1 0 0 0 0 0 
 Hangafo 2 1 1  1 0 1 1 1 0 
 Mckenna 1 0 0  1 0 0 0 0 0 
 Megity 10 5 1  3 2 1 4 1 3 
 Megity3 9 4 1  4 2 1 4 1 3 
 Tarura 2 2 0  2 0 0 1 1 0 
 Unknown 1 1 0  0 0 1 0 0 0 
Genale Corridor subpopulation          
 Genale 3 0 0  1 2 0 0 0 0 
Morebawa subpopulation          
 Gurati 1 0 1  0 1 0 1 1 1 
Totals 57 17 12  20 12 10 19 7 13 
*CDV, canine distemper virus,  
†Adult, >2 y; subadult, 1 to <2 y; juvenile, <1 y. 
‡Indicates the first confirmed case of each disease. 
§Indicates case of co-infection. 
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Patterns of Disease Spread
The timing and location of carcasses encountered 
suggest pathways of disease dispersion across sub-
populations (Figures 1–3). The center of infection 
was in the Sanetti Plateau, where the first 2 carcass-
es were found in March and April 2019, but CDV 
was first confirmed from a carcass sampled in May 
2019. Overall mortality rate peaked in July 2019, five 
months after the onset of the outbreak, by which time 
disease had spread southwards to Chafadalacha and 
to the more distant Web Valley (Figures 2 and 3). At 
the peak of the outbreak, both CDV and rabies were 
common in Web Valley, whereas rabies virus was not 
detected in Sanetti Plateau until a month later (Figure 
3). The spread of rabies and distemper appeared to 
occur in both directions, indicating different origins 
for the initial infections (Figure 2).

During August–October 2019, disease spread 
along the Genale habitat corridor connecting Web 
Valley with the Morabawa subpopulation; at least 
1 death from distemper was confirmed toward the 
end of the outbreak (Figures 1, 2). Monitoring effort 
in Morabawa was relatively low in comparison with 
that in Web Valley and Sanetti Plateau. 

Population Effects
The number of carcasses encountered (n = 57) pro-
vided an indirect and partial measure of overall mor-
tality during the outbreaks (Table 1). We assessed lo-
cal population effect from total counts of Ethiopian 
wolves in 2 core monitoring areas by comparing pack 
compositions before and after the outbreaks in the  

Sanetti Plateau (5 packs) and Web Valley (8 packs) 
subpopulations (Table 2). We noted a total of 64 ani-
mals unaccounted for in the 2 subpopulations, where 
50 carcasses had been found: 17 × in the Sanetti Pla-
teau, representing 60% decline, and 47 × unaccounted 
for in the Web Valley, representing 53% decline. 

We assessed mortality patterns in 29 carcasses that 
could be classified by age and 42 by sex (Table 1). More 
carcasses were from adult wolves (>2 years of age), fol-
lowed by subadults (1–2 years of age) and then juveniles 
(<1 year of age) (Table 1), and appeared to be split un-
evenly between the sexes (17 male animals, 11 female, 
and 29 unknown). Of the 13 carcasses tested positively 
for CDV, 6 were adults, 4 subadults, and 3 juveniles; 6 
were female and 7 male). We confirmed rabies in sam-
ples from 3 adults and 4 juveniles but no subadults, al-
beit on a small sample (n = 7). The animal that tested 
positive for both diseases was a juvenile female.

Mortality inferred by changes in pack compo-
sition (Table 2) was consistent with the age distri-
bution of carcasses: of the wolves missing in the 
population, 54 were adults, 40 subadults and 16 
juveniles. In the Web Valley subpopulation, death 
rates were 53% among adults and 73% among sub-
adults. In the Sanetti Plateau subpopulation, death 
rates were 41% among adults and 80% among sub-
adults. More female wolves were missing than 
males (38 females vs. males). 

Discussion
Intensive monitoring of an Ethiopian wolf population 
provided confirmation of concurrent outbreaks and 
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Figure 1. Carcasses of 
Ethiopian wolves retrieved in 
the Bale Mountains, by month 
and subpopulation, in a study 
of concurrent rabies and canine 
distemper outbreaks, Ethiopia, 
2019. Estimated time of death 
determined from postmortem 
observations.

http://www.cdc.gov/eid


Rabies and Canine Distemper Outbreaks in Wolves

co-infection with rabies virus and CDV in an endan-
gered mammalian species, and new information on 
population-level impact. Our findings support expec-
tations that concurrent outbreaks can be more dam-
aging to the survival of the Ethiopian wolf than single 
disease outbreaks (16,40); that expectation may also 
apply to other species that can contract both of these 
diseases, including African wild dogs, lions, and oth-
er carnivores. Studies of viral infections in wildlife are 
rare for several reasons, and therefore the knowledge 
gleaned from the concurrent outbreaks has important 
implications for disease surveillance and control, as 
well as some limitations.

Spreading monitoring effort across the extent of a 
population and over time enabled detection of multi-
ple pathogens which could otherwise be missed, and 
we found only 1 other incidence of co-infection in an 
individual 33). Indeed, because rabies and CDV are 
not uncommon diseases among wild carnivores and 
affect many of the same species, a likely reason that 
concurrent outbreaks are rarely reported is that they 
go unmonitored, which can happen if monitoring is 
concentrated in 1 subpopulation and misses 1 disease 
initially, or if all deaths are assumed to be attribut-
able to a single disease. In our study, sustained and 
intensive monitoring maximized detection of deaths 
across the landscape, enabling us to recover 57 wolf 
carcasses; we found no evidence of deaths in other 
species. More often, most carcasses go undetected or 
the identification of the sex or age of a carcasses is im-
paired because of late detection. Time periods leading 

to death from rabies virus infection for canine species 
is typically within 2 weeks of infection. In contrast, 
CDV infection can cause clinical disease within a few 
days of infection and either results in clearance and 
survival from infection or progresses to a severe dis-
ease characterized by an acute leukopenia that may 
lead to secondary infections and death. Timelines for 
infection for CDV can vary, but in cases in which the 
disease leads to death, the timeline will often be in a 
similar time period to that observed with rabies virus 
infection. Carcass detection is inherently imperfect 
and depends on the monitoring effort.

The risks posed by concomitant outbreaks include 
wolf deaths lasting over a longer period and spreading 
further geographically than previously known. The 
carcasses detected in the Bale Mountains showed that 
this combined outbreak lasted >220 days and affected 
4 subpopulations, compared with previous records of 
single-pathogen outbreaks among Ethiopian wolves 
shown to last for 3 months (14,15,42,44) and affecting 1 
(44), 2 (14,15,42) or 3 (42) subpopulations. The unprec-
edented duration of the event was likely because of 
the overlapping outbreaks starting at slightly different 
times, as indicated by the timing and location of car-
casses and adjusted by estimations of time since death 
from postmortems or body remains. The reconstructed 
pathways of disease spread indicated 2 different geo-
graphic origins and directions of spread for the rabies 
and CDV outbreak. Those chains of transmission be-
tween subpopulations coincide with those observed 
in previous outbreaks, involving an initially quick 
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Figure 2. Location of Ethiopian 
wolf carcass found in the Bale 
Mountains in a study of concurrent 
rabies and canine distemper 
outbreaks, Ethiopia, 2019. Shades 
of blue represent the kernel 
density distribution of all observed 
carcasses. Arrows indicate the 
direction of spread of infections 
as revealed by positive cases of 
each disease through time and 
across subpopulations. CDV, canine 
distemper virus. 
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transmission within packs because of social bonds and 
shared space within pack territories, followed by trans-
mission to neighboring packs. The absence of observa-
tions or reports of CDV or rabies cases among domes-
tic dogs or other carnivore species living within or in 
close vicinity of Ethiopia wolf territories supports the 
wolf-to-wolf transmission pathway and coincides with 
descriptions of previous outbreaks. Although whole-
genome sequencing and phylogenetic analysis will 
ultimately infer transmission dynamics, our findings 
were supported by a rate of carcass detection and di-
agnoses that we had not previously found in any wild 
population affected by these viruses.

Despite the large number of Ethiopian wolf 
deaths and disappearances during the concurrent 
outbreaks, declines of 53% and 60% in the 2 core 
subpopulations were comparable to death rates re-
corded during previous CDV outbreaks (43%–68% 
decline) (42) and slightly lower than most rabies out-
breaks (49%–77% decline) (14,15,44). The implication 
that a combined outbreak might not be necessarily 
worse than a single-disease outbreak, however, is 
misleading; a degree of herd immunity existed in the 
population at the time of the outbreaks. Individually 
identifiable wolf carcasses that were tested for either 
disease (n = 6) had not been vaccinated against the 
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Figure 3. Number of carcasses 
retrieved per month in a study 
of concurrent rabies and 
canine distemper outbreaks 
in Ethiopian wolves, Ethiopia, 
2019. Estimated time of 
death determined from 
postmortem observations. A) 
Full wolf population in the Bale 
Mountains. B) Sanetti Plateau 
subpopulation. C) Web Valley 
subpopulation.
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disease for which they tested positive but had often 
been vaccinated against the other disease. More in-
depth analyses would be needed to ascertain the ef-
fect of the previous vaccinations in the study popu-
lation. Whereas rabies often causes overt clinical 
disease with an inherent zoonotic risk, the dynamics 
of CDV can be difficult to understand without sero-
surveillance because the virus can circulate in wild 
populations subclinically.

Population declines of the severity reported here 
highlight concern for any threatened species that exists 
in small populations such as the Ethiopian wolf. In the 
past, consecutive outbreaks of distemper and rabies 
led to the smallest population of this species becoming 
functionally extinct in Delanta (16). Ongoing oral vac-
cination of Ethiopian wolves against rabies have the 
potential to reduce risks of populations going extinct; it 
is a crucial intervention where rabies remains endemic 
in terrestrial carnivores in vast areas (45). Approaches 
to control rabies are relatively advanced and accessible 
because of the virus’s relevance to human and live-
stock health (46). Tools to control distemper in wildlife 
are less developed, because it generally does not infect 
humans and is therefore considered to be of lesser im-
portance. Canine distemper vaccines have been avail-
able for decades but are rarely used in wildlife, and 
their efficacy is not well known, in part due to the com-
plexity of CDV dynamics in natural ecosystems (18). A 
CDV vaccine is currently under trial (Ethiopian Wolf 
Conservation Programme, unpub. data).

Knowledge of the age and sex composition in 
disease-related deaths can also help deduce disease 

dynamics and immunity (47) to investigate relative 
risks and fitness costs of infection in social species 
(26). By combining information from carcasses with 
our knowledge of Ethiopian wolf packs’ demogra-
phy, this study provides insights into the effects of 
CDV in wildlife populations, a neglected area of re-
search. Statistical analyses by the age and sex of car-
casses would be questionable because a large pro-
portion of the deceased animals were of unknown 
age or sex; however, assessing such data is valuable 
because we know of no comparable level of disease 
surveillance and carcass recovery in other wildlife 
populations. Positivity for CDV spanned across age 
classes and was highest among adults, in itself not 
an indication of age-biased transmission or mortal-
ity because adults make a large proportion of the 
Ethiopian wolf population (48). When compared 
with single CDV outbreaks in Ethiopian wolves, 
these concurrent outbreaks were still unusual in 
the proportion of adult deaths recorded (47% adult 
mortality averaged across 2 subpopulations, com-
pared with 34% during a CDV outbreak in 2006 and 
39% in 2010). Subadult mortality rate was compara-
tively lower, 77% average, compared with 83% in 
the 2006 CDV outbreak and 87% in 2010. Although 
fatalities could not always be assigned to infections 
by rabies virus or CDV, high adult mortality is ulti-
mately expected to reduce the capacity for recovery 
of this population (48) because it is more likely to 
lead to the extinction of a pack (48). The mortality 
rate among female wolves is higher than expected, 
given that there are more males in the populations 
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Table 2. Changes in composition of wolf packs in Ethiopian wolves before and after concurrent outbreaks of rabies and canine 
distemper, Ethiopia, 2019* 

Pack 

Before outbreaks 

 

After outbreaks 
Adult 

 
Subadult 

Juveniles Sex ratio 
Adult/subadult 

Subadults† Sex ratio M F M F M F 
Sanetti Plateau 
subpopulation 

            

 Bagadasa 3 2  2 2 4 1.25  1 1 1 1 
 Garba  Gurracha 2 1  0 1 0 1  2 1 0 2 
 Batu 2 2  1 1 0 1  2 1 0 2 
 BBC 3 2  1 2 0 1  2 1 0 2 
 BBC2 3 2  0 0 5 1.5  1 1 1 1 
 Total 22  10 9   13 2  
Web Valley subpopulation             
 Alando 2 2  0 0 4 1  2 1 1 2 
 Bowman 4 7  2 2 5 0.666667  1 1 0 1 
 Habale 4 3  2 2 4 1.2  2 1 2 2 
 Hangafo 2 1  2 2 3 1.333333  2 1 0 2 
 Mckenna 3 2  1 1 0 1.333333  2 1 0 2 
 Megity 3 3  2 2 3 1  2 1 0 2 
 Megity 3 3 2  2 2 5 1.25  0 0 0  
 Tarura 6 5  2 2 5 1.142857  3 4 4 0.75 
 Total 52  26 29   24 7  
*Sex ratio calculated as the ratio between male and female wolves >1 y of age. It excludes juveniles at the time of the outbreaks because they are difficult 
to sex when young, 
†These subadults were juveniles before the outbreak.  
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we studied, which can also slow down population 
growth by limiting the effective population size.

In conclusion, this study highlights the risk to 
susceptible populations of threatened carnivores 
from concurrent infection from multiple pathogens. 
CDV and rabies viruses can strike at the same time 
and have a large effect even in a population that has 
partial vaccination coverage. Vaccination strategies 
using multivalent rabies/CDV vaccines should be fa-
vored when possible, in light of the possibility of con-
current outbreaks; the simultaneous impact of both 
diseases should be included in future models of vac-
cination programs and extinction risk of susceptible 
endangered populations. Existing models applied 
to Ethiopian wolf populations should be updated 
to integrate more and new information on potential 
multiple hosts of CDV, acquired immunity (49) and 
effectiveness of ongoing oral rabies vaccinations (50). 
The case of the Ethiopian wolf highlights the need for 
effective monitoring of endangered wildlife popula-
tions at risk for co-infections so that concurrent out-
breaks are detected and their true impacts assessed 
accurately and incorporated into models to avoid un-
derestimating the risk for extinction from disease.

Acknowledgments
We thank the Ethiopian Wildlife Conservation  
Authority and Bale Mountains National Park for support 
and permission to perform research and assistance with 
carcass detection. We thank the Ethiopian Public Health 
Institute for rabies diagnosis of samples in Ethiopia. We 
thank the Ethiopian Wolf Conservation Programme  
monitors and veterinary team, as well as IUCN Save Our 
Species, Born Free, Wildlife Conservation Network donors, 
for funding the ongoing conservation work. We thank 
Leigh Thorne for technical assistance. 

The datasets used during this study are available from the 
corresponding author on reasonable request.

A.C.B. and A.R.F. were party funded by Defra and the 
devolved administrations (grants SV3500, SE0426,  
and SE0431).

Author contributions: J.M., A.C.B., A.R.F., and C.S.-Z. 
substantially conceived and developed the study. J.M., 
M.A., A.H., E.B., and C.S.-Z. contributed to the study 
design. J.M., M.A., A.H., F.R., A.D, E.B., A.C.B., and A.R.F. 
contributed to the acquisition of data. J.M., E.P., A.D., 
E.B., A.C.B., A.R.F., and C.S.-Z. analyzed and interpreted 
the data. J.M., E.P., A.C.B., and A.R.F. drafted the article. 
E.P., A.C.B., A.R.F, and C.S.-Z. substantively revised the 
work. All authors approved the submitted version and are 
personally accountable for their own contributions and the 
accuracy or integrity of any part of the work.

About the Author
Dr. Marino is the science director of the Ethiopian Wolf 
Conservation Programme and a research fellow at the 
Wildlife Conservation Research Unit, University of  
Oxford. She has worked with Ethiopian wolves since 1999 
and recorded and monitored several disease outbreaks in 
the population during this time. Dr. Preston is a lecturer 
in Wildlife Ecology at the Royal Veterinary College. She 
worked with the Ethiopian Wolf Conservation Programme 
during the concurrent outbreaks.

References
  1. Daszak P, Cunningham AA, Hyatt AD. Emerging infectious 

diseases of wildlife—threats to biodiversity and human 
health. Science. 2000;287:443–9. https://doi.org/10.1126/ 
science.287.5452.443

  2. Cunningham AA, Daszak P, Wood JLN. One Health,  
emerging infectious diseases and wildlife: two decades  
of progress? Philos Trans R Soc Lond B Biol Sci. 2017; 
372:20160167. 

  3. Doherty TS, Dickman CR, Glen AS, Newsome TM,  
Nimmo DG, Ritchie EG, et al. The global impacts of  
domestic dogs on threatened vertebrates. Biol Conserv. 
2017;210:56–9.

  4. Knobel D, Butler JRA, Lembo T, Critchlow R, Gompper ME. 
Dogs, disease, and wildlife. In: Gompper ME, editor.  
Free-ranging dogs and wildlife conservation. Oxford:  
Oxford University Publishing; 2013. p. 144–69. 

  5. Flacke G, Becker P, Cooper D, Szykman Gunther M,  
Robertson I, Holyoake C, et al. An infectious disease and 
mortality survey in a population of free-ranging African 
wild dogs and sympatric domestic dogs. Int J Biodivers. 
2013;2013:497623. https://doi.org/10.1155/2013/497623

  6. Woodroffe R, Prager KC, Munson L, Conrad PA, Dubovi EJ, 
Mazet JAK. Contact with domestic dogs increases pathogen 
exposure in endangered African wild dogs (Lycaon pictus). 
PLoS One. 2012;7:e30099. https://doi.org/10.1371/ 
journal.pone.0030099

  7. Prager KC, Mazet JAK, Dubovi EJ, Frank LG, Munson L, 
Wagner AP, et al. Rabies virus and canine distemper virus  
in wild and domestic carnivores in northern Kenya: are  
domestic dogs the reservoir? EcoHealth. 2012;9:483–98.

  8. Fooks A, Cliquet F, Finke S, Freuling C, Hemachudha T, 
Mani R., et al. Rabies. Nat Rev Dis Primers. 2017;3:17091.

  9. Stuchin M, Machalaba C, Olival K, Artois M, Bengis R,  
Diaz F, et al. Rabies as a threat to wildlife. Revue  
Scientifique et Technique (International Office of Epizootics). 
2018;37:341–57.

10. Gascoyne SC, Laurenson MK, Lelo S, Borner M. Rabies in 
African wild dogs (Lycaon pictus) in the Serengueti Region, 
Tanzania. J Wildl Dis. 1993;29:396–402.

11. Hofmeyr M, Hofmeyr D, Nel L, Bingham J. A second 
outbreak of rabies in African wild dogs (Lycaon pictus) in 
Madikwe Game Reserve, South Africa, demonstrating the 
efficacy of vaccination against natural rabies challenge. 
Anim Conserv. 2004;7:193–8. https://doi.org/10.1017/
S1367943004001234

12. Kat PW, Alexander KA, Smith JS, Munson L. Rabies and 
African wild dogs in Kenya. Proc Biol Sci. 1995;262:229–33. 
https://doi.org/10.1098/rspb.1995.0200

13. Randall DA, Marino J, Haydon DT, Sillero-Zubiri C,  
Knobel DL, Tallents LA, et al. An integrated disease  

2574 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 30, No. 12, December 2024

https://doi.org/10.1126/science.287.5452.443
https://doi.org/10.1126/science.287.5452.443
https://doi.org/10.1155/2013/497623
https://doi.org/10.1371/journal.pone.0030099
https://doi.org/10.1371/journal.pone.0030099
https://doi.org/10.1017/S1367943004001234
https://doi.org/10.1017/S1367943004001234
https://doi.org/10.1098/rspb.1995.0200
http://www.cdc.gov/eid


Rabies and Canine Distemper Outbreaks in Wolves

management strategy for the control of rabies in Ethiopian  
wolves. Biol Conserv. 2006;131:151–62. https://doi.org/ 
10.1016/j.biocon.2006.04.004

14. Johnson N, Mansfield KL, Marston DA, Wilson C,  
Goddard T, Selden D, et al. A new outbreak of rabies in rare 
Ethiopian wolves (Canis simensis). Arch Virol. 2010;155:1175–
7. https://doi.org/10.1007/s00705-010-0689-x

15. Sillero-Zubiri C, King AA, Macdonald DW. Rabies and 
mortality in Ethiopian wolves (Canis simensis). J Wildl Dis. 
1996;32:80–6. https://doi.org/10.7589/0090-3558-32.1.80

16. Marino J, Sillero-Zubiri C, Deressa A, Bedin E, Bitewa A, 
Lema F, et al. Rabies and distemper outbreaks in smallest 
Ethiopian wolf population. Emerg Infect Dis. 2017;23:2102–4. 
https://doi.org/10.3201/eid2312.170893

17. Sykes JE. Immunodeficiencies caused by infectious diseases. 
Vet Clin North Am Small Anim Pract. 2010;40:409–23. 
https://doi.org/10.1016/j.cvsm.2010.01.006

18. Wilkes RP. Canine distemper virus in endangered species: 
species jump, clinical variations, and vaccination. Pathogens. 
2022;12:57. https://doi.org/10.3390/pathogens12010057

19. Cleaveland S, Mlengeya T, Kaare M, Haydon D, Lembo T,  
Laurenson MK, et al. The conservation relevance of  
epidemiological research into carnivore viral diseases in the 
Serengeti. Conserv Biol. 2007;21:612–22. https://doi.org/ 
10.1111/j.1523-1739.2007.00701.x

20. Ginsberg JR, Mace GM, Albon S. Local extinction in a 
small and declining population: wild dogs in the Serengeti. 
Proc Biol Sci. 1995;262:221–8. https://doi.org/10.1098/
rspb.1995.0199

21. Roelke-Parker ME, Munson L, Packer C, Kock R,  
Cleaveland S, Carpenter M, et al. A canine distemper 
virus epidemic in Serengeti lions (Panthera leo). Nature. 
1996;379:441–5. https://doi.org/10.1038/379441a0

22. Thorne ET, Williams ES. Disease and endangered species: 
the black-footed ferret as a recent example. Conserv Biol. 
1988;2:66–74. https://doi.org/10.1111/j.1523-1739.1988.
tb00336.x

23. Laurenson K, Sillero-Zubiri C, Thompson H, Shiferaw F, 
Thirgood S, Malcolm J. Disease as a threat to endangered 
species: Ethiopian wolves, domestic dogs, and canine  
pathogens. Anim Conserv. 1998;1:273–80

24. Timm SF, Munson L, Summers BA, Terio KA, Dubovi EJ, 
Rupprecht CE, et al. A suspected canine distemper epidemic 
as the cause of a catastrophic decline in Santa Catalina Island 
foxes (Urocyon littoralis catalinae). J Wildl Dis. 2009;45:333–43. 
https://doi.org/10.7589/0090-3558-45.2.333

25. Kuiken T, Kennedy S, Barrett T, Van de Bildt MWG, 
Borgsteede FH, Brew SD, et al. The 2000 canine distemper 
epidemic in Caspian seals (Phoca caspica): pathology and 
analysis of contributory factors. Vet Pathol. 2006;43:321–38. 
https://doi.org/10.1354/vp.43-3-321

26. Marescot L, Benhaiem S, Gimenez O, Hofer H, Lebreton J-D, 
Olarte-Castillo XA, et al. Social status mediates the fitness 
costs of infection with canine distemper virus in  
Serengeti spotted hyenas. Funct Ecol. 2018;32:1237–50. 
https://doi.org/10.1111/1365-2435.13059

27. Seimon TA, Miquelle DG, Chang TY, Newton AL,  
Korotkova I, Ivanchuk G, et al. Canine distemper virus: an 
emerging disease in wild endangered Amur tigers (Panthera 
tigris altaica). mBio. 2013;4:e00410–13. 

28. Johnson MR, Boyd DK, Pletscher DH. Serologic investigations  
of canine parvovirus and canine distemper in relation to 
wolf (Canis lupus) pup mortalities. J Wildl Dis. 1994;30:270–3. 
https://doi.org/10.7589/0090-3558-30.2.270

29. Yizengaw E, Getahun T, Mulu W, Ashagrie M, Abdela I,  
Geta M. Incidence of human rabies virus exposure in  

northwestern Amhara, Ethiopia. BMC Infect Dis. 2018 
2018;18:597.

30. Vucetich JA, Creel S. Ecological interactions, social  
organization, and extinction risk in African wild dogs.  
Conserv Biol. 1999;13:1172–82. https://doi.org/10.1046/
j.1523-1739.1999.98366.x

31. McCallum H, Jones M, Hawkins C, Hamede R, Lachish S, 
Sinn DL, et al. Transmission dynamics of Tasmanian devil 
facial tumor disease may lead to disease-induced extinction. 
Ecology. 2009;90:3379–92.

32. Maslo B, Stringham OC, Bevan AJ, Brumbaugh A, Sanders C, 
Hall M, et al. High annual survival in infected wildlife  
populations may veil a persistent extinction risk from  
disease. Ecosphere. 2017;8:e02001.

33. Jardine CM, Buchanan T, Ojkic D, Campbell GD, Bowman J.  
Frequency of virus co-infection in raccoons (Procyon lotor) 
and striped skunks (Mephitis mephitis) during a concurrent  
rabies and canine distemper outbreak. J Wildl Dis. 
2018;54:622–5. https://doi.org/10.7589/2017-04-072

34. Hamir AN, Summers BA, Rupprecht CE. Concurrent rabies 
and canine distemper encephalitis in a raccoon (Procyon  
lotor). J Vet Diagn Invest. 1998;10:194–6. https://doi.org/ 
10.1177/104063879801000218

35. Moessner H, Brunt S, Diaz A, Davis A. Co-infection of canine 
distemper virus and rabies virus in wildlife samples submitted 
for routine rabies testing. J Wildl Dis. 2023;59:310–4, 5.

36. Di Blasio A, Irico L, Caruso C, Miceli I, Robetto S, Peletto S,  
et al. Canine distemper virus as an emerging multihost 
pathogen in wild carnivores in northwest Italy. J Wildl Dis. 
2019;55:844–56. https://doi.org/10.7589/2018-09-226

37. Terio KA, Craft ME. Canine distemper virus (CDV) in  
another big cat: should CDV be renamed carnivore  
distemper virus? MBio. 2013;4:e00702–13. https://doi.org/ 
10.1128/mBio.00702-13

38. Needle DB, Marr JL, Park CJ, Andam CP, Wise AG,  
Maes RK, et al. Concurrent infection of skunk adenovirus-1, 
Listeria monocytogenes, and a regionally specific clade of 
canine distemper virus in one gray fox (Urocyon  
cinereoargenteus) and concurrent listeriosis and canine  
distemper in a second gray fox. Pathogens. 2020;9:591. 
https://doi.org/10.3390/pathogens9070591

39. Hoarau AOG, Mavingui P, Lebarbenchon C. Co-infections  
in wildlife: focus on a neglected aspect of infectious  
disease epidemiology. PLoS Pathog. 2020;16:e1008790. 
https://doi.org/10.1371/journal.ppat.1008790

40. Haydon DT, Laurenson MK, Sillero-Zubiri C. Integrating 
epidemiology into population viability analysis: managing 
the risk posed by rabies and canine distemper to the  
Ethiopian wolf. Conserv Biol. 2002;16:1372 85.

41. Zubiri CS, Gottelli D. Spatial organization in the Ethiopian  
wolf Canis simensis: large packs and small stable home 
ranges. J Zool (Lond). 1995;237:65–81. https://doi.org/ 
10.1111/j.1469-7998.1995.tb02747.x

42. Gordon CH, Banyard AC, Hussein A, Laurenson MK, 
Malcolm JR, Marino J, et al. Canine distemper in endangered 
Ethiopian wolves. Emerg Infect Dis. 2015;21:824–32.  
https://doi.org/10.3201/eid2105.141920

43. Marston DA, Jennings DL, MacLaren NC, Dorey-Robinson D,  
Fooks AR, Banyard AC, et al. Pan-lyssavirus real time RT-
PCR for rabies diagnosis. J Vis Exp. 2019;149:e59709.

44. Randall DA, Williams SD, Kuzmin IV, Rupprecht CE,  
Tallents LA, Tefera Z, et al. Rabies in endangered  
Ethiopian wolves. Emerg Infect Dis. 2004;10:2214–7.  
https://doi.org/10.3201/eid1012.040080

45. Taylor LH, Nel LH. Global epidemiology of canine  
rabies: past, present, and future prospects. Vet Med 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 30, No. 12, December 2024 2575

https://doi.org/10.1016/j.biocon.2006.04.004
https://doi.org/10.1016/j.biocon.2006.04.004
https://doi.org/10.1007/s00705-010-0689-x
https://doi.org/10.7589/0090-3558-32.1.80
https://doi.org/10.3201/eid2312.170893
https://doi.org/10.1016/j.cvsm.2010.01.006
https://doi.org/10.3390/pathogens12010057
https://doi.org/10.1111/j.1523-1739.2007.00701.x
https://doi.org/10.1111/j.1523-1739.2007.00701.x
https://doi.org/10.1098/rspb.1995.0199
https://doi.org/10.1098/rspb.1995.0199
https://doi.org/10.1038/379441a0
https://doi.org/10.1111/j.1523-1739.1988.tb00336.x
https://doi.org/10.1111/j.1523-1739.1988.tb00336.x
https://doi.org/10.7589/0090-3558-45.2.333
https://doi.org/10.1354/vp.43-3-321
https://doi.org/10.1111/1365-2435.13059
https://doi.org/10.7589/0090-3558-30.2.270
https://doi.org/10.1046/j.1523-1739.1999.98366.x
https://doi.org/10.1046/j.1523-1739.1999.98366.x
https://doi.org/10.7589/2017-04-072
https://doi.org/10.1177/104063879801000218
https://doi.org/10.1177/104063879801000218
https://doi.org/10.7589/2018-09-226
https://doi.org/10.1128/mBio.00702-13
https://doi.org/10.1128/mBio.00702-13
https://doi.org/10.3390/pathogens9070591
https://doi.org/10.1371/journal.ppat.1008790
https://doi.org/10.1111/j.1469-7998.1995.tb02747.x
https://doi.org/10.1111/j.1469-7998.1995.tb02747.x
https://doi.org/10.3201/eid2105.141920
https://doi.org/10.3201/eid1012.040080
http://www.cdc.gov/eid


RESEARCH

(Auckl). 2015;6:361–71. https://doi.org/10.2147/ 
VMRR.S51147

46. Viana M, Cleaveland S, Matthiopoulos J, Halliday J,  
Packer C, Craft ME, et al. Dynamics of a morbillivirus at the 
domestic-wildlife interface: canine distemper virus in  
domestic dogs and lions. Proc Natl Acad Sci U S A. 
2015;112:1464–9. https://doi.org/10.1073/pnas.1411623112

47. Härkönen T, Harding K, Rasmussen TD, Teilmann J,  
Dietz R. Age- and sex-specific mortality patterns in an 
emerging wildlife epidemic: the phocine distemper in  
European harbour seals. PLoS One. 2007;2:e887.  
https://doi.org/10.1371/journal.pone.0000887

48. Marino J, Sillero-Zubiri C, Macdonald DW. Trends,  
dynamics and resilience of an Ethiopian wolf population. 
Anim Conserv. 2006;9:49–58. https://doi.org/10.1111/ 
j.1469-1795.2005.00011.x

49. Kennedy LJ, Randall DA, Knobel D, Brown JJ, Fooks AR, 
Argaw K, et al. Major histocompatibility complex diversity 
in the endangered Ethiopian wolf (Canis simensis). Tissue 
Antigens. 2011;77:118–25. https://doi.org/10.1111/ 
j.1399-0039.2010.01591.x

50. Sillero-Zubiri C, Marino J, Gordon CH, Bedin E,  
Hussein A, Regassa F, et al. Feasibility and efficacy of  
oral rabies vaccine SAG2 in endangered Ethiopian wolves. 
Vaccine. 2016;34:4792–8. https://doi.org/10.1016/ 
j.vaccine.2016.08.021

Address for correspondence: Jorgelina Marino, University 
of Oxford and Ethiopian Wolf Conservation Programm, The 
Recanati-Kaplan Centre, Tubney House, Tubney OX13 5QL, UK; 
email: jorgelina.marino@biology.ox.ac.uk

2576 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 30, No. 12, December 2024

®

Parasitic Diseases

To revisit the September 2024 issue, go to:
https://wwwnc.cdc.gov/eid/articles/issue/30/9/table-of-contents

•  Onward Virus Transmission after  
Measles Secondary Vaccination Failure

•  Clinical Significance, Species  
Distribution, and Temporal Trends of 
Nontuberculous Mycobacteria,  
Denmark, 1991–2022 

•  Morphologic and Molecular  
Identification of Human Ocular  
Infection Caused by Pelecitus  
Nematodes, Thailand

•  Clinical Aspects and Disease Severity of 
Streptococcus dysgalactiae Subspecies 
equisimilis Bacteremia, Finland

•  Loop-Mediated Isothermal Amplification 
Assay to Detect Invasive Malaria Vector 
Anopheles stephensi Mosquitoes

•  Mortality and Cause of Death in Adults 
with Extrapulmonary Nontuberculous 
Mycobacteria Infection, Denmark 

•  Mpox Epidemiology and Risk Factors, 
Nigeria, 2022 

•  Infection Rates and Symptomatic  
Proportion of SARS-CoV-2 and Influenza 
in Pediatric Population, China, 2023 

•  Formation of Single-Species and  
Multispecies Biofilm by Isolates from 
Septic Transfusion Reactions in Platelet 
Bag Model 

•  Role of Direct Sexual Contact in Human 
Transmission of Monkeypox Virus, Italy 

•  Molecular Epidemiology of Western 
Equine Encephalitis Virus, South  
America, 2023–2024 

•  Medical Costs of Nontuberculous  
Mycobacterial Pulmonary Disease, 
South Korea, 2015–2019 

•  Ecologic, Geoclimatic, and Genomic 
Factors Modulating Plague Epidemics in 
Primary Natural Focus, Brazil 

•  Use of Open-Source Epidemic  
Intelligence from Open Sources for 
Infectious Diseases Outbreaks,  
Ukraine, 2022 

•  Autochthonous Leishmaniasis Caused 
by Leishmania tropica, Identified with 
Whole-Genome Sequencing, Sri Lanka 

•  Avian and Human Influenza A Virus 
Receptors in Bovine Mammary Gland

•  Lower Microscopy Sensitivity with  
Decreasing Malaria Prevalence in  
the Urban Amazon Region, Brazil, 
2018–2021 

•  Effects of Rotavirus Vaccine Coverage 
among Infants on Hospital Admission 
for Gastroenteritis across All Age 
Groups, Japan, 2011–2019 

•  Emergence of Extensively Drug-Resistant 
Neisseria gonorrhoeae, France, 2023 

•  Mosquitoes as Vectors of  
Mycobacterium ulcerans Based on  
Analysis of Notifications of Alphavirus 
Infection and Buruli Ulcer, Victoria, 
Australia 

•  Fatal Case of Naegleria fowleri Primary 
Amebic Meningoencephalitis from 
Indoor Surfing Center, Taiwan, 2023

•  Epidemiology of Lyme Disease  
Diagnoses among Older Adults,  
United States, 2016–2019 

•  Zoonotic Mansonella ozzardi Infection 
in Raccoons, Costa Rica, 2019–2022 

•  Autochthonous Human Babesiosis in 
the Netherlands Caused by Babesia 
venatorum, the Netherlands

•  Participatory, Virologic, and Wastewater 
Surveillance Data to Assess  
Underestimation of COVID-19 Incidence,  
Germany, 2020–2024 

•  Retrospective Seroprevalence of  
Orthopoxvirus Antibodies among Key 
Populations, Kenya 

September 2024

https://doi.org/10.2147/VMRR.S51147
https://doi.org/10.2147/VMRR.S51147
https://doi.org/10.1073/pnas.1411623112
https://doi.org/10.1371/journal.pone.0000887
https://doi.org/10.1111/j.1469-1795.2005.00011.x
https://doi.org/10.1111/j.1469-1795.2005.00011.x
https://doi.org/10.1111/j.1399-0039.2010.01591.x
https://doi.org/10.1111/j.1399-0039.2010.01591.x
https://doi.org/10.1016/j.vaccine.2016.08.021
https://doi.org/10.1016/j.vaccine.2016.08.021
mailto:jorgelina.marino@biology.ox.ac.uk
http://www.cdc.gov/eid

