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ABSTRACT

KNOBEL, D.L., LIEBENBERG, A. & DU TOIT, J.T. 2003. Seroconversion in captive African wild
dogs (Lycaon pictus) following administration of a chicken head bait/'SAG-2 oral rabies vaccine
combination. Onderstepoort Journal of Veterinary Research, 70:73-77

This study determined the proportion of captive juvenile and adult African wild dogs (Lycaon pictus)
that developed protective titres of rabies neutralising antibodies following ingestion of a chicken head
bait/SAG-2 oral rabies vaccine combination. A single chicken head containing 1.8 m¢ of SAG-2 vac-
cine (1082 TCID,,/m¢) in a plastic blister was fed to each of eight adult and three juvenile wild dogs.
Bait ingestion resulted in a significant rise in serum neutralising antibody titres. Overall seroconver-
sion rate was eight out of 11 (72.7 %), and all the puppies and five out of eight (62.5 %) adults
showed potentially protective levels of antibodies on day 31. The mean post-vaccination neutralis-
ing antibody titre was within the range reported to be protective against challenge with virulent rabies
virus in other species.
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INTRODUCTION Small and/or declining wild dog populations seem

, ible for th i p particularly vulnerable and the disease has proven
Rabies has been responsible for the decline of sev- impediment to the establishment of a metapop-

feral populations of African W"C_i dogs (Lycaonp.r'c_fus) ulation of this endangered species in South Africa
in southem and eastern Africa (Gascoyne, King,  (ofmeyr et al. 2000; Mills, Ellis, Woodroffe, Mad-

Laurenson, Bor_nher, Slahildger ‘1& Balrrat ;993; Ka;: dock, Stander, Rasmussen, Pole, Fletcher, Bruford,
Alexander, Sf“{}V & nson 395“ SCMee%erS & Wildt, Macdonald & Seal 1998). Previous control
Venzke 1995; Woodroffe, Ginsberg Aot measures have focused on the use of parenteral

1997; Hofmeyr, Bingham, Lane, Ide & Nel 2000). vaccination techniques; however, these methods
are associated with logistical difficulties (including
= Author to whom correspondence is to be directed. Current  the inability to vaccinate animals younger than about
address: Centre for Tropical Veterinary Medicine, University 5 months) and have proven unsuccessful in several
ﬂfmg'iid;mj_”éﬂﬂéif; T i othian, ahieo 9RG, United jnetances (Kat et al. 1995; Scheepers & Venzke
' Mammal Research Institute, Department of Zoology & Ento- 1_995; Ho{meyr e? al. 2000)' ?u"ent rese?mh. IS
mology, University of Pretoria, Pretoria, 0002 South Africa aimed at developing an effective oral vaccination
2 Rabies Unit, Onderstepoort Veterinary Institute, Onderste-  t€chnique to protect wild dog populations under
poort, 0110 South Africa threat from rabies (Knobel, Du Toit & Bingham
Accepted for publication 6 January 2003—Editor 2002). This research is based on the successful
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use of modified live, attenuated virus vaccines for
the oral immunization of red foxes (Vulpes vuipes)
against rabies in Europe (Aubert, Masson, Artois &
Barrat 1994), a technique which has been extrapo-
lated to a variety of other species (Farry, Henke,
Beasom & Fearneyhough 1998; Roscoe, Holste,
Sorhage, Campbell, Niezgoda, Buchannan, Diehl,
Rupprecht & Niu 1998; Steelman, Henke & Moore
1998; Bingham, Schumacher, Hill & Aubert 1999;
Hammami, Schumacher, Cliquet, Tlatli, Aubert &
Aubert 1999).

Van Heerden, Bingham, Van Vuuren, Burroughs &
Stylianides (2002) demonstrated that the SAG-2
(Street Alabama Dufferin mutant Gif) oral rabies
vaccine induces a humoral immune response in Afri-
can wild dogs when administered by direct installa-
tion into the oral cavity. The SAG-2 vaccine is a
modified live rabies virus, a double mutant of the
SADg,,.. strain obtained by selective growth in the
presence of specific monoclonal antibodies (Schu-
macher, Coulon, Lafay, Bénéjean, Aubert, Barrat,
Aubert & Flamand 1993). The vaccine has also been
tested and found to be effective in domestic dogs
Canis familiaris (Schumacher et al. 1993; Fekadu,
Nesby, Shaddock, Schumacher, Linhart & Sander-
lin 1996), red foxes (Schumacher et al. 1993; Lam-
bot, Blasco, Barrat, Cliquet, Brochier, Renders, Krafft,
Bailly, Munier, Aubert & Pastoret 2001) and side-
striped and black-backed jackal, Canis adustus and
Canis mesomelas (Bingham et al. 1999).

Previous work (Knobel et al. 2002) has shown that
chicken heads can potentially be used to deliver oral
rabies vaccine to wild dogs. Trials using a topical
tissue marker (rhodamine B) as a vaccine placebo
resulted in 72.7 % (n = 11) of animals showing sig-
nificant staining of the oral mucosa following inges-
tion of a chicken head containing the marker. The
objective of the current study was to determine the
efficacy of the chicken head bait/SAG-2 vaccine
combination in inducing seroconversion in adult and
juvenile African wild dogs.

MATERIALS AND METHODS

Study animals

Fourteen captive-bred African wild dogs from three
separate packs were used in the study. Pack A
consisted of six adult (> 1 year) individuals, four
males and two females. Pack B comprised four
subadult (nine-month-old) males and pack C con-
sisted of four ten-week-old pups (two males, two
females). For the purpose of this study the sub-
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adults were considered mature animals. Packs A
and C were held at the Lion Park near Johannes-
burg. Pack A was housed in a 1 ha camp sur-
rounded by a wire-mesh fence, while the pups were
kept in a smaller enclosure with a concrete kennel
for shelter. Pack B was housed at the De Wildt
Cheetah and Wildlife Trust, under similar condi-
tions as pack A. Adult animals were fed fresh meat
five to six times a week while pups received the
same diet twice daily. Water was provided ad /ibi-
tum. None of the study animals had previously
been vaccinated against rabies, although the pups
were derived from vaccinated dams.

Rabies vaccine

SAG-2 vaccine (batch no. RB2TO3) was obtained
from Virbac Laboratories, Carros, France. The lig-
uid vaccine was pre-packaged in Virbac blisters,
with each blister containing 1.8 m/ of vaccine. Blis-
ters were stored at —60 °C until use. Stability of the
titre of the vaccine was verified upon receipt. A
mean titre of 1080 median tissue culture infectious
doses (TCID,)/m/ was obtained. Before each
experiment, blisters were thawed and immediately
stapled under the skin of fresh chicken heads with
the foil side outwards, against the skin. The bait/
vaccine combinations were then kept on ice until
use (<30 min).

Experimental design

The 14 wild dogs were separated into two groups
according to age—one group of ten adults and one
group of four pups. All animals were bled two days
prior to vaccination (day —2) to determine pre-vac-
cination rabies-neutralising antibody levels. Adults
were immobilised with a combination of 40 mg of
ketamine hydrochloride (“Anaket-V”, Bayer Animal
Health) and 900 pg medetomidine hydrochloride
(“Domitor”, Novartis SA Animal Health) and blood
was collected from the lateral saphenous vein.
Pups were manually restrained while blood was
collected from the cephalic vein.

On day 0 each animal was offered a single chicken
head/vaccine combination. The response of the ani-
mal to the bait, as well as the number of chews on
the bait and the fate of the vaccine blister was
noted. Blood was again collected on day 31 for
determination of post-vaccination antibody titres.

Serology

Sera were stored at —20°C until testing. Prior to test-
ing sera were heat inactivated for 30 min at 56 °C.
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TABLE 1 Neutralising rabies antibody titres (IU/m£) of 11 wild dogs that each ingested a chicken head containing 1.8 m/ of 1082
TCID,/m{ SAG-2 rabies vaccine on day 0. Seropositive titres (=0.5 IU/m¢, WHO 1992) are marked with an asterisk

Neutralising antibody titre (IU/m¢)
Individual Age group Number of chews

Day -2 Day 31
Lm2 Aduit 0 1.55* 13
LM3 Adult 0 0 9
LMm4 Adult 0 1.55" 12
LF1 Adult ] 0.5* 12
DM1 Adult 0 0.3 13
DM2 Adult 0 0 7
DM3 Adult 0 0.6* 12
DM4 Adult 0 0.5" 7
LPM1 Pup ] 0.5* >30
LPM2 Pup 0 0.9* >30
LPF1 Pup 0.2 0.7* > 30

Antibody titres were determined using the method
described by Cliquet, Aubert & Sagne (1998). A
level of 0.5 IU/m¢ was adopted as a threshold for
seropositivity (World Health Organization 1992).

RESULTS

Two adult animals and one pup did not ingest the
proffered bait and were excluded from the trial. The
remaining animals (eight adults and three pups)
immediately picked up and chewed the chicken
head containing the vaccine. Mean number of chews
per bait was 10.6 + 0.91 for the adults and >30 for
the pups. Only one vaccine blister, from that of bait
offered to a pup, was recovered. The blister had
been perforated and no fluid remained. All other
vaccine blisters were swallowed.

All animals were seronegative on day —2 (Table 1).
The analysis of post-vaccination neutralising anti-
body titres showed a significant difference between
pre- and post-vaccination titres (paired t-test: t =
3.98, d.f. = 10, P<0.01). The mean neutralising
antibody titre 31 days after bait ingestion was 0.65
+0.16 IU/m¢. Eight out of 11 (72.7%) animals sero-
converted (neutralising antibody titre ® 0.5 IU/m¢#).
The proportion of animals seroconverting was 100%
(8/3) amongst the pups and 62.5 % (5/8) amongst
the adults. There was no relationship between the
neutralising antibody titres on day 31 and the num-
ber of chews on the bait.

DISCUSSION

Several studies have examined the humoral immune
response following ingestion of baits containing

SAG-2 oral vaccine. The proportions of animals
seroconverting (as measured on or around day 30)
varies widely: Bingham et al. (1999) obtained a
seroconversion rate of 100 % (n = 5) in side-striped
jackal after feeding chicken head baits containing
1032 TCID,/m¢ SAG-2, while none of 12 beagles
demonstrated seroconversion following ingestion of
baits containing 10823 TCID_, of lyophilized SAG-2
virus vaccine (Orciari, Niezgod, Hanlon, Shaddock,
Sanderlin, Yager & Rupprecht 2001). Two other
papers reported 60 % seroconversion at day 30
using baits with lower vaccine titres [107° TCID,/m/
in side-striped jackal (Bingham et al. 1999); 1075
TCID,/m/ in domestic dogs (Fekadu et al. 1996)].
An important point to note, however, is that sero-
conversion appears to be a poor predictor of resist-
ance to rabies virus infection. Numerous studies
have reported cases of animals that failed to sero-
convert developing an anamnestic response and
surviving following challenge with rabies virus
(Aubert 1993; Fekadu et al. 1996; Bingham et al.
1999; Hammami et al. 1999; Orciari et al. 2001).
This suggests the involvement of protective mech-
anisms other than antibodies, as demonstrated by
Lambot et al. (2001). Seroconversion is therefore a
conservative estimate of protection against infec-
tion.

The mean post-vaccination neutralising antibody
titre in this study was significantly lower (Student's
t-test: £=5.93, d.f. = 13, P< 0.0001) than that ob-
tained by Van Heerden et al. (2002), 27 days after
direct installation of 1 m¢ 108° TCID,/m¢ SAG-2 in
four captive wild dogs [8.45 + 2.30 IU/m/ (Van
Heerden et al. 2002)]. This suggests a lower effica-
cy of the vaccine when delivered by bait. The results
of our trial fall within the range of mean neutralising
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antibody titres reported in studies on other species
approximately 30 days (range 28-33 days) after
ingestion of baits containing similar or higher doses
of SAG-2 vaccine [C. adustus: 0.82 IlU/mé¢, n=5
(Bingham et al. 1999); C. familiaris: 0.50 IU/m¢, n=
7 (Hammami et al. 1999); C. familiaris: < 0.1 IU/m/,
n = 12 (Orciari et al. 2001)]. These studies also
reported the proportion of animals surviving after
challenge with a virulent strain of rabies virus. There
appears to be no relation between the mean neu-
tralising antibody titres of the group and the propor-
tion of animals surviving challenge. Bingham et al.
(1999) reported a 60 % (3/5) survival rate, while
83.3% (10/12) of animals survived in the study by
Orciari et al. (2001).

Logistical and ethical considerations precluded the
use of challenge experiments in this investigation.
Although comparisons between trials are con-
founded by differences in species, vaccine titres,
and method of application, cautious extrapolation
from other studies (as discussed above) indicates
that the antibody levels obtained in this study after
oral vaccination with 108° TCID,/m¢ SAG-2 could
potentially confer adequate protection to wild dogs
against rabies infection. However, our results also
support the recommendations made by previous
authors (Hofmeyr et al. 2000, Van Heerden et al.
2002) that booster doses of rabies vaccine will
probably be necessary shortly after primary vacci-
nation.

One of the major difficulties experienced with the
parenteral vaccination technique in free-ranging
wild dogs is the potential for injury to juvenile pack
members. Individuals can only be safely darted at
around 4-5 months of age, by which stage the pack
has often left the den and is difficult to locate. This
results in a high proportion of susceptible individu-
als under one year of age. A rabies outbreak in
such a scenario, resulting in high juvenile mortality
and low pack recruitment, can have serious conse-
quences for pack survival, as experienced in Madi-
kwe Game Reserve, South Africa (Hofmeyr, Hof-
meyr & Bingham 2001).

The success of the chicken head bait/SAG-2 vac-
cine in pups in this study, and the ready ingestion
of chicken heads by free-ranging pups (Knobel et
al. 2002) offer a non-invasive mechanism for vacci-
nation of free-ranging wild dogs as young as 10
weeks. Further controlled studies are needed to
examine the effect of maternally-derived antibodies
on the active immune response in these young ani-
mals.

76

ACKNOWLEDGEMENTS

Our appreciation is extended to the staff at De Wildt
and the Lion Park, and to Virbac Laboratories for
the donation of the SAG-2 vaccine. The helpful
comments received from Dr K Laurenson and Dr
MGL Mills are gratefully acknowledged. Funding for
this study was provided by the National Research
Foundation, the University of Pretoria and the Hon-
orary Rangers Society of South Africa.

REFERENCES

AUBERT, M.F.A. 1993. Can vaccination validated by the fitra-
tion of rabies antibodies in serum of cats and dogs be an
alternative to quarantine measures? Abstracts on Hygiene
and Communicable Diseases, 68:R1-R21.

AUBERT, M.F.A., MASSON, E., ARTOIS, M. & BARRAT, J.
1994. Oral wildlife rabies vaccination field trials in Europe,
with recent emphasis on France, in Lyssaviruses, edited by
C.E. Rupprecht, B. Dietzschold & H. Koprowski. Berlin:
Springer-Verlag: 219-243.

BINGHAM, J., SCHUMACHER, C.L., HILL, FW.G. & AUBERT,
A. 1999. Efficacy of SAG-2 oral rabies vaccine in two spe-
cies of jackal (Canis adustus and Canis mesomelas). Vac-
cine, 17:551-558.

CLIQUET, F., AUBERT, M. & SAGNE, L. 1998. Development of
a fluorescent antibody virus neutralization test (FAVN) for
the quantitation of rabies-neutralizing antibody. Journal of
Immunological Methods, 212:79-87.

FARRY, S.C., HENKE, S.E., BEASOM, S.L. & FEARNEY-
HOUGH, M.G. 1998. Efficacy of bait distributional strategies
to deliver canine rabies vaccines to coyotes in southemn
Texas. Journal of Wildlife Diseases, 34:23-32.

FEKADU, M., NESBY, S.L., SHADDOCK, J.H., SCHUMACHER,
C.L., LINHART, S.B. & SANDERLIN, D.W. 1996. Immuno-
genicity, efficacy and safety of an oral rabies vaccine (SAG2)
in dogs. Vaccine, 14:465-468.

GASCOYNE, S.C., KING, A.A., LAURENSON, M.K., BORNER,
M., SCHILDGER, B. & BARRAT, J. 1993. Aspects of rabies
infection and control in the conservation of the African wild
dog (Lycaon pictus) in the Serengeti region, Tanzania.
Onderstepoort Journal of Veterinary Research, 60:415-420.

HAMMAMI, S., SCHUMACHER, C., CLIQUET, F., TLATLI, A,,
AUBERT, A. & AUBERT, M. 1999. Vaccination of Tunisian
dogs with the lyophilised SAG2 oral rabies vaccine incorpo-
rated into the DBL2 dog bait. Veterinary Research, 30:607—
613.

HOFMEYR, M., BINGHAM, J., LANE, E.P., IDE, A. & NEL, L.
2000. Rabies in African wild dogs (Lycaon pictus) in the Ma-
dikwe Game Reserve, South Africa. The Veterinary Record,
146:50-52.

HOFMEYR, M., HOFMEYR, D. & BINGHAM, J. 2001. Manage-
ment of wild dog (Lycaon pictus) populations with particular
reference to the prevention of rabies by vaccination. Pro-
ceedings of the International Joint Conference—Society for
Tropical Veterinary Medicine and Wildlife Disease Associa-
tion, Pilanesberg National Park 2001: 223.

KAT, P.W., ALEXANDER, K.A., SMITH, J.S. & MUNSON, L.
1995. Rabies and African wild dogs in Kenya. Proceedings
of the Royal Society of London, Series B, 262:229-233.



D.L. KNOBEL, A. LIEBENBERG & J.T. DU TOIT

KNOBEL, D.L., DU TOIT, J.T. & BINGHAM, J. 2002. Develop-
ment of a bait and baiting system for the delivery of oral
rabies vaccine to free-ranging African wild dogs (Lycaon pic-
tus). Journal of Wildlife Diseases, 38:352-362.

LAMBOQT, M., BLASCO, E., BARRAT, J., CLIQUET, F., BRO-
CHIER, B., RENDERS, C., KRAFFT, N., BAILLY, J.,
MUNIER, M., AUBERT, M.F.A. & PASTORET, P-P. 2001.
Humoral and cell-mediated immune responses of foxes
(Vulpes vulpes) after experimental primary and secondary
oral vaccination using SAG, and V-RG vaccines. Vaccine,
19:1827-1835.

MILLS, M.G.L., ELLIS, S., WOODROFFE, R., MADDOCK, A.,
STANDER, P., RASMUSSEN, G., POLE, A., FLETCHER,
P., BRUFORD, M., WILDT, D., MACDONALD, D. & SEAL,
U. (Eds) 1998. Population and habitat viability assessment
for the African wild dog (Lycaon pictus) in southern Africa.
Apple Valley: IUCN/SSC Conservation Breeding Specialist
Group.

ORCIARI, L.A., NIEZGOD, A.M., HANLON, C.A., SHADDOCK,
J.H., SANDERLIN, D.W., YAGER, P.A. & RUPPRECHT, C.E.
2001. Rapid clearance of SAG-2 rabies virus from dogs after
oral vaccination. Vaccine, 19:4511-4518.

ROSCOE, D.E., HOLSTE, W.C., SORHAGE, F.E., CAMPBELL,
C.. NIEZGODA, M., BUCHANNAN, R., DIEHL, D., RUP-
PRECHT, C.E. & NIU, H.S. 1998. Efficacy of an oral vac-
cinia-rabies glycoprotein recombinant vaccine in controlling

epidemic raccoon rabies in New Jersey. Journal of Wildlife
Diseases, 34:752—763.

SCHEEPERS, J.L. & VENZKE, K.A.E. 1995. Attempts to rein-
troduce African wild dogs Lycaon pictus into Etosha
National Park, Namibia. South African Journal of Wildlife
Research, 25:138-140.

SCHUMACHER, C., COULON, P., LAFAY, F., BENEJEAN, J.,
AUBERT, M.F.A., BARRAT, J., AUBERT, A. & FLAMAND,
A. 1993. SAG-2 oral rabies vaccine. Onderstepoort Journal
of Veterinary Research, 60:459-462.

STEELMAN, H.G., HENKE, S.E. & MOORE, G.M. 1998. Gray
fox response to baits and attractants for oral rabies vaccina-
tion. Journal of Wildlife Diseases, 34:764-770.

VAN HEERDEN, J., BINGHAM, J., VAN VUUREN, M., BUR-
ROUGHS, R.E.J. & STYLIANIDES, E. 2002. Clinical and
serological response of wild dogs Lycaon pictus to vaccina-
tion against canine distemper, canine parvovirus infection
and rabies. Journal of the South African Veterinary Associ-
ation, 73:8-12.

WOODROFFE, R., GINSBERG, J.R., & MACDONALD, D.W.
(Eds) 1997. The African wild dog: status survey and conser-
vation action plan. Gland: International Union For Conser-
vation Of Nature And Natural Resources.

WHO 1992. Expert committee on rabies. 8" Report, Technical
Report Series 824. Geneva: World Health Organization.



