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Introduction
Rabies is an important zoonotic disease caused by a rhabdovirus belonging to the Lyssavirus 
genus. It is a single-stranded, negative-sense RNA virus causing fatal encephalitis in domestic 
animals, humans and wildlife (Swanepoel et al. 1993). In most parts of Africa, rabies is associated 
with domestic dogs and wildlife species have not been considered important vectors (Wandeler 
1993) until more recently when it was established that jackals can sustain rabies infection without 
outside introductions from domestic dogs (Zulu, Sabeta & Nel 2009).

The first reported case of rabies in South Africa was in the Cape Province in 1882 from an infected 
dog that was brought in from England; it took two years to control the outbreak in dogs (Swanepoel 
et al. 1993). During that time, wildlife was apparently considered to play a minor role in rabies 
epidemiology until it was observed in the black-backed jackals (Canis mesomelas) population in 
1950s in northern South Africa (Mansvelt 1956). The disease then continued to spread southwards 
and westwards in South Africa (Brückner, Hurter & Boshoff 1978).

The effect of rabies infection on a naïve wild carnivore population can be devastating. A 78% 
mortality was reported in the endangered Ethiopian wolf (Canis simensis) in an outbreak in the 
Ethiopian highlands in 2004 (Randall et al. 2004). The 2016 rabies outbreak in north-eastern 
South Africa resulted in 76% of stable jackal territories being lost and 93% of jackals being lost in 
a monitored black-backed jackals population in the Broederstroom area in north-eastern South 
Africa (Snyman 2020).

Rabies is a zoonotic disease that remains endemic in large parts of southern Africa because of 
its persistence in wildlife and domestic dog vectors. The black-backed jackals (Canis mesomelas) 
is primarily the wildlife vector responsible for rabies outbreaks in northern parts of South 
Africa. Two trials were carried out to investigate antibody responses to the oral rabies vaccine 
Raboral V-RG® in black-backed jackals under captive and free-ranging conditions. In captive 
jackals 10/12 (83%; 95% confidence interval [CI]: 52% – 98%), seroconverted after single oral 
vaccination. Nine captive jackals had protective antibody titres (> 0.5 IU/mL) at 4 weeks 
(median: 2.1 IU/mL; inter quartile range [IQR]: 0.6–5.7) and 10 jackals had at 12 weeks (median: 
3.5 IU/mL; IQR: 1.5–8.3) and three maintained antibody titres for up to 48 weeks (median: 3.4 
IU/mL; IQR: 2.0–6.3). Four sites were baited with Raboral V-RG® vaccine for wild jackals, 
using fishmeal polymer and chicken heads. Baits were distributed by hand or from vehicle at 
three sites in north-eastern South Africa, with an average baiting density of 4.4 baits/km2 and 
at one site in central South Africa, at 0.12 baits/km2. This resulted in protective antibody titres 
in 3/11 jackals (27%; 95% Cl: 6–61) trapped between 3 and 12 months after baiting in 
north-eastern South Africa, compared with 4/7 jackals (57%; 95% Cl: 18–90) trapped after 
3–18 months in central South Africa. This study shows the potential utility of oral rabies 
vaccination for the control of wildlife-associated rabies in north-eastern and central South 
Africa, but extensive studies with wider distribution of bait are needed to assess its potential 
impact on rabies control in wild jackals. 
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Poisoning of jackals to control rabies in livestock was used in 
the 1950s; but it was only partially effective, as disturbance to 
the jackal population resulted in an influx of jackals from the 
surrounding areas (McKenzie 1993). Rabies control by 
poisoning was continued until the 1980s (Bishop et al. 2010). 
Parenteral vaccination of cattle was started in 1977 in the 
endemic areas with greater effect (Brückner et al. 1978).

Oral rabies vaccines were first tested in wildlife in the field in 
Switzerland in 1978 (Steck et al. 1982; Wandeler 1988). 
Initially the Street Alabama Dufferin (SAD) strain was used, 
and later, over the past 30 years, 10 different vaccines were 
used in Europe to control rabies in red foxes (Vulpes vulpes) 
(Müller et al. 2015). Amongst these vaccines was the Raboral 
V-RG® (Merial, United States [US], now Boehringer 
Ingelheim) vaccine, which was used in parts of France, 
Belgium and the Ukraine as part of their oral rabies 
vaccination strategies in wildlife between 1988 and 1993 
(Müller et al. 2015).

The SAD (Berne) vaccine has been used in side-striped jackals 
(Canis adustus) and black-backed jackals. All jackals had 
protective antibody titres for 12 months post oral installation 
of vaccine and survived challenge with a field strain of the 
rabies virus (Bingham et al. 1995). However, the SAD (Berne) 
vaccine has been shown to be pathogenic in a variety of 
rodent species and chacma baboons (Papio ursinus) and is 
therefore not suitable for southern Africa, where chacma 
baboons are common (Bingham et al. 1992).

The SAG-2 (SAD Avirulent Gif) vaccine showed adequate 
protection in side-striped jackals, black-backed jackals and 
Ethiopian wolves (Sillero-Zubiri et al. 2016). Titres in side-
striped jackals and black-backed jackals were protective for 
12 months post-vaccination (Bingham et al. 1999). Titres > 0.5 
IU/mL are recommended in dogs to be adequate to prevent 
rabies infection, whilst titres > 0.25 IU/mL are thought to be 
adequate in foxes (Vulpes spp.), raccoons (Procyon lotor) and 
raccoon dogs (Nytereutes procyonoides) (Moore et al. 2017; 
Office International Des Epizooties 2008). There is no single 
cut-off rabies antibody titre that is invariably protective as a 
small number of animals succumb to infection despite 
adequate antibody levels and some animals with no antibody 
titres after vaccination survive infection (Moore et al. 2017; 
Moore & Hanlon 2010).

The V-RG® vaccine is a recombinant vaccinia virus vector 
vaccine expressing the rabies virus glycoprotein gene. It has 
successfully been used in a variety of wild carnivores such as 
red foxes in Europe, striped skunks (Mephitis mephitis), 
raccoons, Arctic foxes (Vulpes lagopus) and grey foxes 
(Urocyon cinereoargenteus) in the US and red foxes and golden 
jackals (Canis aureus) in Israel (Maki et al. 2017; Müller et al. 
2015; Yakobson et al. 2006). The V-RG® vaccine is 100% 
effective in red foxes, safe, with no risk of reverting to 
virulence in non-target species and stable in the environment 
for up to 3 weeks at environmental temperatures between 8 
°C and 37 °C (Blancou et al. 1989; Maki et al. 2017).

Antibody titres and duration of immunity for the V-RG® 
vaccine have not been established in black-backed jackals to 
date. The aim of this study was to investigate the duration 
and levels of rabies antibodies in captive black-backed jackals 
over a 12-month period after oral vaccination.

Materials and methods
Vaccine
Raboral V-RG® vaccine (Boehringer Ingelheim Animal 
Health, US) containing 108 tissue culture infective dose 50% 
(TCID50) per sachet (1.5 mL) (Maki et al. 2017) was used for 
the trial.

Captive jackals
The black-backed jackals were recruited opportunistically, 
and juvenile jackals admitted for rehabilitation to facilities 
in the northern parts of South Africa during 2018 were 
selected for the study, with the permission of the respective 
rehabilitation facilities. All experimental jackals were 
housed in groups and were between three and six months 
of age at the time of vaccination. A total of 12 black-backed 
jackals (eight males and four females) received oral rabies 
vaccine. Eight jackals (six males and two females) received 
the vaccine in a sachet in chicken pieces and four jackals 
(two males and two females) received the contents of the 
sachet drawn up into a 1.5 mL syringe and squirted directly 
into the mouth. Two jackals (one male and one female) 
received a placebo containing a sachet of sterile water in a 
food item. 

The jackals were sampled prior to bait administration and 
then at 4-, 12-, 24-, 36- and 48-weeks post-vaccination, if still 
in captivity. All jackals were caught with nets and hand 
restrained for blood collection from the cephalic vein into a 4 
mL serum tube. The 12 jackals were closely monitored for the 
first 12 weeks after vaccination for any negative side-effects. 
All jackals were released back into the wild; game reserves in 
Mpumalanga, Limpopo and Gauteng provinces post-
rehabilitation between 8 and 15 months of age.

Free-ranging jackals
Three sites in Gauteng, north-eastern South Africa and one 
site on the central plateau of the Free State province (Figure 1), 
were selected for bait placements because of ongoing jackal 
research projects at these sites. It was aimed to sample 25 
jackals in each study area. However, as resources were 
limited and capture opportunities were determined by other 
research activities, sampling was opportunistic and a total of 
24 jackals were sampled in all the sites. 

Study area 1
The three sites in north-eastern South Africa were in 
protected areas in the Cradle of Humankind, a UNESCO 
World Heritage Site of 573 km2, within 50 km of the 
metropolitan areas of Johannesburg and Pretoria. The sites 
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were: (1) the John Nash and Malapa Reserve (JNMR) (67.3 
km2), which is situated in the centre of the Cradle, (2) the 
Cradle Nature Reserve (CNR) (16 km2), situated to the east 
of the JNMR, and (3) the Lion and Safari Park (LSP) (17.7 
km2), to the north-east of the Cradle (Figure 1a). The areas 
are all classified as rocky highveld grassland (Mucina & 
Rutherford 2006).

The jackal density at JNMR and the CNR was estimated at 
0.6 jackal/km2 from the 2016 aerial census (Hennie Visser, 
personal communication). The jackal density at LSP was 
estimated at 0.64 jackal/km2 on sighting and jackal call back 
records (Krofel et al. 2014; Snyman 2020). Six jackals were 
sampled in 2014 and 2015 at the LSP and all were negative for 
rabies antibody titres (Snyman 2020).

At the three north-eastern sites the bait was presented either 
in chicken heads (n = 270) or fishmeal polymer (n = 179), as 
these are preferred by jackals (Koeppel, Kuhn & Thompson 

2020). The baits in JNMR (chicken head n = 206, fishmeal 
polymer n = 150) were distributed on three occasions, 
approximately 2–3 weeks apart between September and 
October 2017, whilst the CNR was baited once (chicken head: 
n = 20, fishmeal polymer: n = 15). The baits (chicken head:  
n = 44, fishmeal polymer: n = 14) at the LSP were distributed 
on two occasions, four weeks apart in November 2017. The 
baits were distributed from vehicles or on foot near jackal 
dens where access was limited. Baiting density varied 
according to road availability in the reserves. Jackals were 
subsequently trapped in all areas (Figure 1, seven capture 
sites), beginning three months after bait placement and for 
up to 23 months.

Study area 2
The Golden Gate National Park (GGNP), in the Free State 
province of central South Africa, bordering the mountain 
kingdom of Lesotho, served as the fourth study site. The 
park covers an area of 340 km2 and is made up of sandstone 
formations interspersed with rich highveld and montane 
grassland and some Afromontane forests (Mucina & 
Rutherford 2006).

Four jackals were trapped prior to bait placement to 
evaluate previous rabies exposure. A total of 27 oral bait 
rabies vaccines were placed at five sites in the GGNP in 
July 2018 (Figure 1b). The annual aerial game census for 
2016–2018 showed the average density of one jackal per 
8.7 km2 or 0.12 jackal/km2 (Brüns A, unpublished data). 
The park is situated 15 km from the nearest town of 
Phuthadijihba with over 54 000 inhabitants (Statistics 
South Africa 2012).

As a result of the relative inaccessibility of the reserve, baits 
were placed along roads at monitored sites, with the 
exception of bait location 1, which was at a vulture feeding 
station. Bait placement was 0.1 baits/km2 in the GGNP. In all, 
37 fishmeal polymer baits were placed at five sites in GGNP 
over two nights in July 2018. Jackals were trapped at three 
months and 18 months after baiting.

Between three months and 23 months after bait placements 
jackals were captured by trapping or chemical immobilisation, 
for blood sample collection, they were either darted from a 
vehicle using a X-calibre dart CO2 gun (Pneu-Dart INC, 
Williamssport, Pennsylvania, US) with a 0.5 cc dart with 
barbed 3/8 inch needle (Motsumi Dart, Pretoria, South 
Africa) or caught using a Soft catch trap Fox (Oneida Victor® 
Animal Trap, Cleveland, Ohio, US). Traps were set at sunset 
and checked every 2 h throughout the night. Jackals were 
restrained with a net and hand injected intramuscularly with 
either a combination of metonil (medetomidine, 
Wildlife Pharmaceuticals (Pty) Ltd, Whiteriver, South Africa) 
0.03 mg/kg – 0.05 mg/kg and zoletil (zolazepam and 
tiletamine, Pfizer Laboratories (Pty) Ltd, Johannesburg, 
South Africa) 3 mg/kg – 4 mg/kg or Bamanil (butorphanol 
30 mg/mL, azaperone 12 mg/mL, medetomidine 12 mg/mL; 
Wildlife Pharmaceuticals (Pty) Ltd, Whiteriver, South Africa) 

FIGURE 1: Map showing: (a) the seven capture sites at the John Nash and Malapa 
Reserve, Cradle Nature Reserve and the Lion and Safari Park in Gauteng and North 
West province (red triangle) and (b) the five baiting and capture sites at the 
Golden Gate National Park, Free State province (purple triangle), South Africa. 
Provincial and National Parks are shown in light green (the map was constructed 
using QGIS 3.4 using country boundaries and protected area boundaries 
downloaded and used with permission from protectedplanet.net and SANParks). 
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0.01 mL/kg – 0.06 mL/kg. The same drug combinations were 
used for darting. 

Jackals were categorised by size and dentition. Juveniles 
were classified as less than seven months old based on their 
deciduous teeth (Lombaard 1971). Jackals between seven 
months to two years were identified as sub-adults by 
permanent canines and body size. Jackals greater than two 
years of age, according to teeth wear and body size, were 
classified as adults (Bingham & Purchase 2003). All jackals 
were ear notched for identification.

Sample processing
Blood samples were refrigerated (4°C) shortly after collection 
until processing. Blood tubes were centrifuged and serum 
was separated and stored at –80°C prior to analysis at 
Agricultural Research Council-Onderstepoort Veterinary 
Research, South Africa. Titres were determined following the 
standard operating procedure of the World Organisation for 
Animal Health (OIE) prescribed FAVN test (Cliquet, 
Aubert & Sagné 1998) and were calculated against OIE dog 
reference serum. FAVN ≥ 0.5 IU/mL were considered to be 
adequate according to the World Health Organization 
(WHO) and OIE guidelines (Office International Des 
Epizooties 2008). Antibody titres > 0.2 IU/mL were 
considered weak positive. 

Statistical analysis
The Kruskal–Wallis rank sum test was used to compare 
rabies antibody titres between groups and between 
areas. Stata 14 (StataCorp, College Station, US) was used for 
statistical analysis and significance was assessed at  
p < 0.05. Maps were generated using Quantum Geographic 
Information System (QGIS) (version 3.4.9). 

Ethical considerations
Approval to conduct the study was obtained from the 
University of Pretoria Animal Ethics Committee (V149-16).

Results
Captive jackals
No jackals had positive FAVN (> 0.2 IU/mL) prior to 
vaccination (median 0.1 IU/mL, interquartile range [IQR]: 
0–0.2) (Office International Des Epizooties 2008). No 
side-effects were observed in any of the vaccinated jackals. 
Of the 12 vaccinated jackals, 9 were sampled at 12 weeks, 
6 at 24 weeks and 3 at 36 and 48 weeks. Of the 12 jackals, 
10 that received oral rabies vaccine seroconverted at 12 
weeks after oral rabies vaccination, resulting in an 
estimated seroconversion proportion of 83% (95% 
confidence interval [CI]: 0.52–0.98) (Table 1). Two jackals 
(jackals #22557 and #68887) did not seroconvert (Table 1). 
The median titre was 2.1 IU/mL (n = 9; IQR: 0.6–5.7) at 4 
weeks post vaccination (Table 1, Figure 2). One of the 
jackals (#32888) could not be sampled at four weeks post 
vaccination.

The median titre at 12 weeks was 3.5 IU/mL (n = 10; 
IQR: 1.5–8.3). At 24 weeks the median was 2.9 IU/mL (n = 
6; IQR: 0.8–72.8), at 36 weeks the median was 1.1 IU/mL 
(n = 3; IQR: 0.9–2.9), and at 48 weeks the median was 3.4 
IU/mL (n = 3; IQR: 2–6.3) (Figure 1). The two jackals 
which received placebo vaccine did not seroconvert (data 
not shown). Antibody titres were significantly higher at 
4-, 12- and 24- weeks (p = 0.037) in jackals when the 
vaccine was administered directly into the mouth (n = 4) 
compared with presentation of vaccine in food items 
(n = 8) (Figure 1-A1).

Free-ranging jackals
In the north-eastern part of South Africa (Gauteng reserves, 
Study area 1), baiting density varied; the JNMR was baited 
with 5.3 baits/km2, CNR received 2.2 baits/km2 and the LSP 
was baited with 3.3 baits/km2 (Table 2). The average baiting 
density for these reserves was 4.4 baits/km.2

A total of 11 jackals (4 males, 7 females) were caught between 
3 and 23 months after baiting at the three north-eastern sites. 
Of the 11 jackals (27%; 95% CI: 6–61), 3 had antibody titres 
against rabies virus (Table 2). One jackal had adequate levels 
(3.5 IU/mL) at 44 weeks after vaccination and two jackals 
had low rabies antibody titres at 84 (0.4 IU/mL) and 88 
(0.4 IU/mL) weeks (Table 1).

At GGNP (Study area 2) four jackals (two males, two females; 
~10% of population) were caught prior to bait placement; 
none had detectable rabies antibody titres (Table 1 GG1–
GG4). Baits were placed at five sites. No baits were taken at 
Sites 5 and 2 as there was no jackal activity in those areas. All 
baits were taken at the Sites 1 and 3, and 40% of bait was 
consumed at Site 4 (Figure 1b).

After the placement of rabies bait at GGNP for 3 and 
18 months, four and three jackals were captured, 
respectively. No jackal was captured more than once, as 

†, indicates two jackals that did not seroconvert at 4 and 12 weeks. 

FIGURE 2: Rabies antibody titres in captive black-backed jackals (n = 12) given 
Raboral VR-G oral rabies vaccine. Red reference line = adequate antibody titre 
(0.5 IU/mL). 
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individuals were identified by ear notching. Of the seven 
jackals (one male, six females) captured after baiting, four 
(57%; 95% CI: 18–90) had detectable rabies antibody titres 
(> 0.2 IU/mL), three of which (42%; 95% CI: 10–80) were 
≥ 0.5 IU/mL (Table 1). The three jackals captured at 
18 months post vaccination were juveniles estimated at 
below 14 weeks of age. There was no significant difference 
in titres between the jackals from the two provinces 
(p = 0.108). 

Discussion
This study has shown that the Raboral V-RG® oral rabies 
vaccine results in adequate antibody titres for up to 
12 months after vaccination in captive black-backed jackals. 
The titres in the captive jackals indicated that protective 
immunity was likely from 4 to 48 weeks after initial 
vaccination without a booster vaccination, similar to foxes 
vaccinated with recombinant vaccine, which lasted for 
48 weeks (Brochier et al. 1988) and raccoons with detectable 
titres, which lasted for up to 56 weeks (Brown et al. 2011). 
The FAVN was not validated for black-backed jackals in 
this study but has been validated in the closely related 
golden jackals (Yakobson et al. 2006) and we assumed there 
is no species difference.

Only a single bait was given in this study, as recommended 
by the manufacturer as oral booster vaccination with V-RG® 
within one month of initial vaccination did not improve 
antibody titres in foxes (Lambot et al. 2001). This is in 
contrast to wild dogs (Lycaon pictus) in which neutralising 

TABLE 1: Rabies antibody titre (IU/mL) of 12 captive and 22 free ranging black-backed jackals in two areas (Gauteng and Free State province) of South Africa after 
vaccination with Raboral V-RG vaccine.
Jackal ID Area Bait type Sex Age class Intervals after vaccination (weeks)

0 4 12 24 36 44 48 72 84 88 92

#22557 Captive S M J 0.2 0.0 0.1 - - - - - - - -
#68887 Captive S M J 0.0 0.1 0.1 - - - - - - - -
#24360 Captive S M J 0.1 6.0† 10.5† - - - - - - - -
#32910 Captive S M J 0.2 10.5† 3.5† - - - - - - - -
#32888 Captive S M J 0.1 - 31.6† - - - - - - - -
#22689 Captive S F J 0.0 10.5† 4.6† - - - - - - - -
Eddie Captive S M J 0.0 2.6† 3.5† 4.6† - - - - - - -
#68887 Captive S M J 0.1 4.6† 6.0† 1.1† 4.6† - 2.0† - - - -
#68886 Captive S M J 0.2 1.5† 1.5† 0.7† 0.7† - 10.5† - - - -
#68889 Captive S F J 0.2 1.5† 1.5† 0.5† 1.1† - 2.0† - - - -
#65930 Captive S F J 0.0 - - 95.5† - - - - - - -
#65986 Captive S F J 0.0 - - 95.5† - - - - - - -
LSP1 Gauteng FP/C M J - 0.2 - - - - - - - - -
JN2 Gauteng FP/C F SA - - - - - 0.0 - - - - -
JN3 Gauteng FP/C F A - - - - - 3.5† - - - - -
JN4 Gauteng FP/C F A - - - - - 0.0 - - - - -
JN5 Gauteng FP/C F A - - - - - - 0.1 - - - -
JN6 Gauteng FP/C M A - - - - - - - - 0.4† - -
CR3 Gauteng FP/C F A - - - - - - - - - 0.4† -
JN7 Gauteng FP/C F A - - - - - - - - - 0.1 -
JN8 Gauteng FP/C F A - - - - - - - - - 0.0 -
JN13 Gauteng FP/C M A - - - - - - - - - - 0.1
JN14 Gauteng FP/C M SA - - - - - - - - - - 0.0
GG1 Free State Co M A 0.1 - - - - - - - - - -
GG2 Free State Co F SA 0.1 - - - - - - - - - -
GG3 Free State Co M SA 0.1 - - - - - - - - - -
GG4 Free State Co F SA 0.1 - - - - - - - - - -
GG5 Free State FP M SA - - 0.9† - - - - - - - -
GG6 Free State FP F A - - 0.1 - - - - - - - -
GG7 Free State FP F SA - - 0.1 - - - - - - - -
GG8 Free State FP F A - - 1.5† - - - - - - - -
GG11 Free State FP F J - - - - - - - 0.4† - - -
GG12 Free State FP F J - - - - - - - 0.2 - - -
GG13 Free State FP F J - - - - - - - 1.1† - - -

Bait type: Co, control; S, V-RG sachet; FP, fish polymer with V-RG; C, chicken head with V-RG.
Age Classification: J, juvenile; SA, subadult; A, adult.
†, Seropositive titres: > 0.2 IU/mL (Office International Des Epizooties, 2008).

TABLE 2: Jackal population per square kilometre, bait density, number of jackals 
sampled after vaccination (n) and number of rabies antibody (Ab) positive 
jackals and percentage of positive jackals in three Gauteng and one Free State 
Reserves from 2018 to 2020, South Africa.
Reserve Jackal/km2 Baits/km2 Jackals tested 

(n)
Ab Positive 

jackals
% 

positive

John Nash and Malapa 
Reserve (GP)

0.6 5.3 9 2 22

Cradle Nature Reserve 
(GP)

0.6 2.2 1 1 100

Lion and Safari Park (GP) 0.64 3.3 1 0 0
Golden Gate National 
Park (FS)

0.12 0.1 7 4 57

Ab, antibody; GP, Gauteng; FS, Free State.
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antibodies are short-lived without a booster vaccination 
with both oral and parenteral vaccines (Hofmeyr et al. 
2000). Golden jackals showed adequate antibody response 
to the V-RG® vaccine with a seroconversion of 44% in a 
controlled environment and 78% of vaccinated jackals 
surviving challenge with Rabies Virus (RABV), with a 
vaccine efficacy of 83% (Yakobson et al. 1999). 

Two jackals in the captive trial in this study did not 
seroconvert at either 4 or 12 weeks. This is similar to the 
study in wild dogs were two of eleven dogs did not 
seroconvert at four weeks (Knobel, Liebenberg & Du Toit 
2003). It is likely that the two jackals swallowed the whole 
food item without penetrating the sachet and the vaccine 
would have been rapidly degraded in the gastrointestinal 
tract (Vos et al. 2017). Mean titres were significantly higher in 
jackals that received the vaccine squirted directly into mouth 
versus in food items. This is most likely because of more 
effective exposure of vaccine to the mucous membranes 
when squirted directly into the mouth (Bingham et al. 1995; 
Grosenbaugh et al. 2007; Wandeler 1988).

In a combined sample size of 10 jackals, all tested negative 
prior to bait placement in the two areas of South Africa; 
however, the sample size was too small to rule out any 
antibody levels in the population. Presence of antibodies in a 
population has been linked to the sampling period with 
antibodies being more likely present during rabies epidemics 
(Bingham & Foggin 1993) and also the fact that jackals can 
survive natural rabies infection, although this is very rare 
(Bellan et al. 2012).

After oral bait rabies vaccination, 27% of the jackals trapped 
at study area 1 had detectable rabies antibody titres, resulting 
from an average baiting density of 4.4 baits/km2. This was 
similar to the 29.5% seropositivity reported in golden jackals 
and red foxes in Israel resulting from a baiting density of 
14–19 baits/km2 (Yakobson et al. 2006). It is possible that 
some of the titres were because of previous exposure; 
however, there were no recorded outbreaks in the area from 
2017 to 2019 making it unlikely to be associated with exposure 
to wild RABV (Koeppel, Van Schalkwyk & Thompson 2021). 
The percentage of jackals having antibody titres at GGNP 
was higher, with 57% of jackals captured having detectable 
titres. Higher baiting density might improve seroconversion 
in north-eastern South Africa but continuous baiting is 
essential to ensure on-going protection as there is a large 
turnover in jackal population over time. 

Bait density was low in both areas, but bait placement by 
hand and from vehicles makes it possible to target more 
suitable habitat and den sites, making it more efficient than 
distribution by aircraft. In raccoons, hand baiting was more 
effective than helicopter distribution, especially in urban 
areas (Boulanger et al. 2008).

In the north-eastern parts, jackals were captured for up to 
92 weeks after placement of rabies baits, which might have 
resulted in lower or no titres as antibody titres decrease with 

time; in comparison, in the central parts jackals were only 
tested up to 72 weeks after bait placement. No tetracycline 
biomarkers were tested in the jackals in this study, which 
would have shown previous exposure despite no antibody 
titre, as only subsequently released live animals were tested. 
The removal of canine teeth is to date the best method for 
detecting tetracycline in teeth in meso-predator (Robardet 
et al. 2012). Removal of teeth in a free-ranging animal might 
affect its hunting ability and survival and was therefore not 
performed (Verstraete et al. 1996).

There was an estimated population of 0.60–0.64 jackal per 
km2 at the study area 1 (Snyman 2020). This is in contrast to 
area 2 where there was 0.12 jackal per km2, only one sixth of 
the population density of the north-eastern sites. There was 
also a difference in bait type used with both chicken heads 
and fishmeal polymer used in north-eastern sites and only 
fishmeal in central area. It is unlikely that the bait type used 
had a great effect on uptake at the central area as there is low 
density of non-target species in the area and therefore 
competition for bait is reduced and jackals have been shown 
to consume both baits equally (Koeppel et al. 2020).

The higher percentage of seropositive jackals at the central 
site might be associated with a reduced population turnover, 
but further studies are needed to verify this. Higher 
population turnover will require higher density of bait 
placement or more frequent application to result in adequate 
antibody levels in the population (Holmala & Kauhala 2006). 
It has been shown that rabies antibody titres can be transferred 
from vaccinated foxes to kits; the rabies antibody titre in the 
fox kits declined between 45 days and 75 days after birth to 
zero (Blasco et al. 2001).

Two out of three juvenile jackals at the central site had rabies 
antibody titres present in our study, one above 0.5 IU/mL. 
They were all below 14 weeks of age according to their 
dentition (Lombaard 1971) and were captured 72 weeks after 
bait placement; therefore, they could not have been exposed 
to the original bait but might have received bait-induced 
antibodies indirectly via placental transfer and colostrum 
(Chappuis 1998).

Rabies in jackals poses a risk not only to humans, livestock 
and domestic animals, but also to endangered wildlife 
species. Rabid jackals resulted in two rabies outbreaks, which 
caused up to 87% mortality in affected wild dog packs at the 
Madikwe Game Reserve in the northwest of South Africa 
(Hofmeyr et al. 2000, 2004).

In foxes it has been suggested that the presence of 60% 
immune animals will prevent the spread of rabies, whilst 
strategic placement of vaccine along natural barriers can be 
more efficient, requiring fewer animals to be vaccinated 
(Haydon et al. 2006; Wandeler et al. 1988). This could be 
applied to areas such as the GGNP (central area) were 
jackals travel nearly exclusively through the valleys. Bait 
placement in this study was along the game paths and roads 
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frequented by jackals, only covering a small area of the park, 
yet a high estimated proportion of jackals (57%) had titres 
after bait placement, supporting the notion that natural 
barriers such as mountain ranges or rivers can aid in the 
distribution of baits. 

As a result of the low numbers of wild jackals included in this 
study, there is a high degree of uncertainty regarding the 
initial seroprevalence of rabies antibody titres in the study 
areas and the seroprevalence post-vaccination. Antibodies 
detected at ≤ 0.2 IU/mL could be related to non-antibody 
neutralising factors and therefore were considered negative 
in this study (Gold et al. 2020).

Density of jackals was estimated based on aerial counts, 
sightings and call backs, which could have underestimated 
population numbers. Furthermore, the inability to follow up 
on individual animals also did not allow us to conclusively 
demonstrate seroconversion. However, the study in captive 
jackals showed that oral vaccination can result in adequate 
levels of long-lived antibody titres in vaccinated animals. 
More intensive studies over larger areas could yield more 
precise estimates of the level of baiting required in free-
ranging jackal populations to ensure adequate population 
immunity to rabies virus. 

The optimal bait density might vary between regions and 
density of jackal populations. Ideally jackal carcasses in areas 
covered by vaccination should be evaluated for tetracycline 
biomarker presence (Robardet et al. 2012) and antibody titres 
(fresh carcass only) to determine the effect of bait placement 
in the areas and more precise estimates of seroprevalence and 
seroconversion rate should be correlated with bait density 
and land use type. 

Conclusion
Captive black-backed jackals vaccinated with Raboral 
V-RG® vaccine in oral bait resulted in adequate antibody 
titres against rabies for a period of up to 48 weeks in the 
majority of animals. Use of the Raboral V-RG® vaccine in 
free-ranging jackals in four protected areas resulted in 
rabies antibody titres detected in-between 27% and 57% of 
the sampled population supporting the use of oral rabies 
vaccination for the control of wildlife-associated rabies. 
The response to vaccination was likely to be influenced by, 
amongst other factors, baiting density, jackal density and 
population turnover. More research is required to evaluate 
the impact of oral rabies vaccination on population 
immunity and the occurrence of rabies outbreaks in 
jackals. 
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Appendix 1

FIGURE 1-A1: Comparison of rabies antibody titres at 4, 12 and 24 weeks after 
administration of Raboral VR-G rabies vaccine in food versus orally in captive 
black-backed jackals. Red reference line = adequate antibody titre (0.5 IU/mL). 
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