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Abstract
Background and Aim: Rabies is considered a highly fatal zoonotic disease and many deaths in humans have been associated 
with dog bites. This study was designed to prepare an oral anti-rabies vaccine in the form of baits to eliminate the disease in 
free-roaming dogs and subsequently protect humans from dog bites.

Materials and Methods: The Evelyn Rokintniki Abelseth (ERA) rabies virus strain was propagated in baby hamster kidney 
cell cultures and adjusted to the recommended dose for application. Four forms of oral baits were employed with the rabies 
vaccine, which was evaluated for safety, acceptability, and potency in different dog groups. Enzyme-Linked Immunosorbent 
Assay (ELISA) and the serum neutralization test (SNT) were used to determine the protective rabies antibody titer in the 
sera of vaccinated dogs.

Results: According to the results, a dose of 3 mL of the ERA strain, containing a viral titer of 107.6 TCID50/mL, induced 
a mean antibody titer of 25.6 by SNT, and the PI% was 75.7 by Block ELISA, providing a protective level of the rabies 
antibody in 100% of vaccinated dogs. All used baits were found to be safe, inducing no abnormal general post-vaccination 
signs (the signs are limited to mild fever, mild loss of appetite, and mild-to-moderate loss of energy for 24-36 h after 
vaccination).

Conclusion: It was found that most of the accepted and highly potent bait types consisted of a mixture of wheat flour, 
vegetable oil, sodium alginate, corn starch, meat meal, cellulose gum, and water. This dog meal was covered with bran and 
edible wax to seal the bait cavity after inserting the vaccine sachet. This bait was able to induce a protective level of rabies 
antibodies in 100% of vaccinated dogs after receiving one bait/dog. Hence, such a bait could be recommended for use in the 
protection of free-roaming dogs and the elimination of the disease.

Keywords: enzyme-linked immunosorbent assay, oral baits, potency, rabies, serum neutralization test.

Introduction

Rabies is a fatal viral zoonosis that affects the 
central nervous systems of warm-blooded mammals, 
including humans. It is caused by a negative single-
strand ribonucleic acid virus belonging to the genus 
Lyssavirus of the family Rhabdoviridae [1]. Infection 
with this virus induces acute progressive encephalitis 
and results in approximately 60000 human fatalities 
annually, with 6-7 deaths occurring each day [2]. 
Most of these human rabies cases occur in Africa 

(36.4%) and Asia (59.6%). Most deaths occur in 
rural areas where access to health services, including 
post-exposure prophylaxis, is either limited or non-
existent. More than 99% of all cases of human rabies 
infection occur through the bites of dogs infected with 
the virus [3-6]. Mass dog vaccination is an effective 
way of eliminating the disease, and the vaccination 
of ≥70% of the dogs in countries that are endemic to 
rabies could eliminate the infection in dogs and rapidly 
reduce the number of human cases [7-14]. However, it 
remains challenging to achieve that in Egypt because 
of the high proportion of free-roaming dogs that 
cannot be readily available for parenteral vaccination. 
Oral immunization of wildlife with live vaccines has 
been proven to be a powerful tool in controlling or 
eliminating rabies in multiple countries, such as those 
in North America and Europe [15,16]. Several types 
of recombinant or modified live attenuated vaccines 
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were assessed for the oral rabies vaccination of dogs 
(OVD). The Evelyn Rokintniki Abelseth (ERA) strain 
is a cell-culture-adapted rabies virus derived from the 
Street-Alabama-Dufferin (SAD) and described as a 
live attenuated vaccine [17].

The ERA vaccine induces long-lasting immunity 
by intramuscular inoculation [18]. In the 1960s, Baer 
et al. [19] and Black and Lawson [20] demonstrated 
that foxes could be immunized against rabies through 
the oral administration of the live ERA virus. A vac-
cination program began in 1989 in the province of 
Ontario, Canada, for the control of terrestrial rabies 
in foxes. During this program, more than 13 million 
baits containing the live attenuated rabies ERA-
baby hamster kidney-21 (ERA-BHK21) virus were 
distributed until the year 2004 [20,21]. The WHO 
Collaborating Center for Rabies Surveillance and 
Research in Tübingen, Germany, introduced the oral 
rabies vaccine virus SAD B19 as a possible candidate 
vaccine for the OVD as it is suitable for oral vacci-
nation campaigns for carnivores (the red fox, Vulpes 
vulpes), dogs (Canis familiaris), cats (Felis catus), 
minks (Mustela vision), stonemartens (Martes foina), 
and domestic ferrets (Mustela putorius furo) against 
rabies [22-24]. A few trials are also underway to 
develop a vector-based vaccine for rabies containing 
either the Newcastle virus, Rift valley, adenovirus, or 
an adenovirus-like particle vaccine to potentiate world-
wide efforts to control rabies [25-33]. The disease has 
been nearly eliminated in red foxes (Vulpes vulpes) in 
Ontario and in coyotes (Canis latrans) in south Texas 
using rabies vaccine oral baits [15,24,34-38].

This study aimed to develop an efficacious and 
attractive bait capable of delivering one effective dose 
of the oral rabies vaccine. The bait could be commer-
cially manufactured at a low cost for large-scale use 
in the immunization of free-roaming dogs to eliminate 
rabies disease in free-roaming dogs and subsequently 
protect humans from dog bites.
Materials and Methods
Ethical approval

Animal care and experimental procedures were 
performed in compliance with guidelines established 
by the Institutional Animal Ethics Committee of the 
Veterinary Serum and Vaccine Research Institute, 
Abassia, Cairo, Ministry of Agriculture, Egypt 
(VSVRI), with approval no. VRA20119N1254.
Study period and location

The study was conducted from January 2021 to 
December 2021 at the Veterinary Serum and Vaccine 
Research Institute, Abassia, Ministry of Agriculture, 
Cairo, Egypt (VSVRI).
 Preparation of the vaccine and the determination of 
the suitable dose

A cell-culture-adapted ERA rabies virus strain 
was kindly supplied in a lyophilized form at a titer 
of 104 TCID50/mL by the WHO Collaborating Center 
for References and Research in Rabies (Pasteur, 

Paris-France). The virus was inoculated on a conflu-
ent sheet of the BHK21 cell line. When the maximum 
cytopathic effect (CPE) was established, the infected 
virus fluid was harvested, titrated, and tested for steril-
ity; Viral titration was carried out using the micro-titer 
technique according to the WHO guidelines [39], and 
the viral titer was calculated according to the Reed 
and Muench method [40].

To determine the effective vaccinal dose, three 
different doses of the vaccine were tested (1, 2, and 
3 mL/dog) by direct instillation in the buccal cavities 
of five dogs. After 28 days, the serum samples of the 
vaccinated animals were tested for the detection of 
induced rabies antibodies through the serum neutral-
izing test and enzyme-linked immunosorbent assay 
(ELISA).
Vaccine preparation with different additives
Preparation of the rabies vaccine with a stabilizer

The stabilizer used was lactalbumin and sucrose 
consisting of 5% lactalbumin hydrolysate (LAH) and 
10% sucrose in Hank’s Balanced Salt Solution with 
a pH of 7.2 mixed with an equal volume of the viral 
fluid [41].

Preparation of the rabies vaccine adjuvanted with 
0.2% carbopol gel

Carbopol was supplied by Lubrizol Co. (Ohio, 
USA) as a white, fluffy powder. It was dissolved in 
hot water to prepare 0.5% aqueous stock solutions 
and sterilized by autoclaving at 121°C for 20 min, 
then stored at 4°C until further use according to the 
United States Pharmacopeial Convention guide-
lines [42]. An equal volume of the viral fluid was 
mixed with the aqueous solution of carbopol, and 
then neutralized with 20% sodium hydroxide [43]. 
Depending on the suitable vaccine dose in the results, 
the suitable dose was mixed with the stabilizer and 
0.2% carbopol, and then dispersed into a polyeth-
ylene sterile sachet.

Preparation of an oral rabies vaccine with 1% car-
bopol gel

At first, potassium sorbate (as a preservative) 
was dissolved in distilled water at 40°C, and then 1% 
Carbopol was mixed with it using a magnetic stirrer 
at 160 × g for 30 min to homogenize. After cooling, a 
suitable dose of the vaccine was slowly added to the 
gel and homogenized to obtain a uniform gel. The pH 
of the gel was adjusted to 6 by adding triethanolamine 
to it [44].

Preparation of an oral rabies vaccine with sodium 
carboxymethyl cellulose (SCMC) gel

Potassium sorbate was dissolved in distilled 
water at 50°C. Then, an exact amount of SCMC 
(30%) was slowly added to it while mixing with a 
magnetic stirrer at 160 × g for 30 min to homogenize 
it fully. After cooling, a suitable dose of the vaccine 
was slowly added to uniformize the gel [44].



Veterinary World, EISSN: 2231-0916 1385

Available at www.veterinaryworld.org/Vol.15/May-2022/29.pdf

Bait formation
Four types of baits were formed as follows:
Type 1: Flavor-coated sachets formed from Corn 

Syrup, Glycerin, Gelatin, Sucrose, Sodium Alginate, 
Corn Starch, Meat Meal, and Water.

The components of the formulation were 
admixed and then coated the sachet that contained the 
rabies vaccine by dipping the sachet in the formula-
tion material. The coated sachet was then allowed to 
air dry.

Type 2: A fat wax mixture coated the sachet that 
contained the rabies vaccine by dipping the sachet into 
the mixture. The coated sachet was then dipped into 
cold water for rapid solidification of the coating and 
then stored in dry air.

Type 3: A hollow conical biscuit bait formed 
from maize flour with meat meal was filled with 3 mL 
of the rabies oral gel and closed with edible wax.

Type 4: A hollow cylinder bait formed from a 
mixture of wheat flour, vegetable oil, sodium alginate, 
corn starch, meat meal, cellulose gum, water, and dog 
food meal. After the insertion of the sachet, it was 
covered by bran and edible wax was poured on it to 
seal the bait cavity.
Dogs

Eighty free-roaming, native breed dogs aged 
6-12 months were collected from different areas and 
implemented in the safety and seroconversion assays. 
These dogs were found to be healthy and free from 
rabies antibodies as screened by the serum neutraliza-
tion test (SNT). Dogs were held in individual cages 
under hygienic conditions, receiving balanced food 
and adequate water while being observed daily for 
approximately 6 months.
Quality control tests of the prepared rabies vaccine
Sterility test

Samples of the prepared vaccine were inocu-
lated in thioglycolate broth and nutrient agar and then 
incubated at 37°C for 7 days. Sabouraud’s agar, yeast, 
and mold broth were also inoculated and kept at room 
temperature (18-25°C) for 15 days. The results of ste-
rility tests were negative for any bacterial and/or fun-
gal growth before allowing the vaccine to proceed to 
the next step [39].

Safety test
Each of five healthy adult dogs was fed with five 

baits, each of which contained 3 mL of the attenuated 
rabies virus vaccine, and then kept under observation 
for 15 days. At the end of the observation period, the 
dogs should remain normal without any general reac-
tions that can be attributed to the vaccine [39].

Potency test
Determine the efficacy of the vaccine without baits

This step was performed by directly instilling 
each of the prepared vaccine formulas mentioned 
before in the oral cavities of five dogs.

Determine the acceptability and efficacy of the pre-
pared rabies vaccine oral baits

Forty dogs were divided into eight groups (five 
dogs per group). The dogs in each group were fed with 
one type of bait (one bait/dog with no booster doses). 
The last group, which was a control group, was made 
of dogs that remained unvaccinated to test the accept-
ability and the potency of the oral vaccine baits by 
monitoring the induced antibody titers in their sera on 
the 28th day post-vaccination.

Serum samples obtained from the study dogs 
pre-, and 28 days post-vaccination were subjected 
to serological tests to estimate the induced antibody 
titers. The SNT was carried out using the micro-titer 
technique as described previously [45]. The antibody 
titer was expressed as the reciprocal of the highest 
serum dilution that neutralized and completely inhib-
ited the CPE of 100 TCID50 of the used virus [46].
Seroconversion
SNT

This test was carried out using the micro-titer 
technique described previously by Xuan et al. [45]. 
The antibody titer was expressed as the reciprocal of 
the highest serum dilution that neutralized and com-
pletely inhibited the CPE of 100 TCID50 of the used 
virus [46].

ELISA
The block ELISA method was employed to fol-

low up on the induced rabies antibody titers in vac-
cinated dogs using an ELISA kit (Shenzhen Zhenrui 
Biotech Co, Ltd, Shenzhen, Chima). Positive and 
negative control sera were provided in the kit and the 
results were calculated according to the manufactur-
er’s instructions as follows:

Calculation method:
PI Blocking rate

SampleODvalue

NegativeControlODaveragev

( )

(

�

�1
aalue

)×100%

*The OD value of negative controls (N) was 
˃0.5; meanwhile, a positive value blocking rate of 
˃60% is equivalent to 0.5 IU/mL according to the 
standard curve.
Results
Sterility and safety

The experimental results revealed that all pre-
pared vaccine formulas were free from foreign con-
taminants (aerobic and anaerobic bacteria and fungi) 
and safe in vaccinated dogs, where they remained 
healthy throughout the experimental period.
Determination of the effective vaccinal dose

Table-1 shows that the preferable dose of the ini-
tial rabies virus with a titer of 107.6 TCID50 mL is 3 mL. 
This dose induced a mean antibody titer of 25.6 by 
SNT and a PI% of 75.7 by Block ELISA. It provided 
a protective level of rabies antibody in 100% of dogs 
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compared to a dose of 2 mL that induced a mean SNT 
titer of 17.6 and a Block ELISA PI% of 58.6, with a 
protective level of rabies antibodies in 80% of dogs. 
However, a dose of 1 mL was unable to induce protec-
tive levels of rabies antibodies (4 by SNT and a PI% 
of 14.83 by Block ELISA) in all dogs in the group.
Evaluation of the installation of different prepared 
rabies vaccine formulas in the buccal cavities of dogs

The results in Table-2 reveal that each of the 
prepared rabies vaccine formulas with stabilizers 
adjuvanted with 0.2% Carbopol and with gel with 
SCMC resulted in the production of a protective level 
of rabies antibodies in 100% of vaccinated dogs, 
with SNT mean titers of 28.8; 28.8, and 32 and mean 
ELISA PI% values of 67.2, 65.88, and 68.84, respec-
tively. On the other hand, the vaccine prepared with 
1% Carbopol Gel could not induce a sufficient level 

of RAB and showed a mean SNT titer of 4.4, and the 
ELISA PI% was 33.84%.
Acceptability and efficacy of the prepared rabies vac-
cine oral baits

As per Table-3, the acceptance rate of baits of 
type 3 and 4 was 100% while those of type 1 and type 2 
were 30% and 40%, respectively. The protective level 
of rabies antibodies obtained with the vaccinal bait 
type 4 and the stabilizer was 100% in all vaccinated 
dogs with a mean SNT titer of 25.6 and ELISA PI% of 
68.56. This was followed by the vaccinal bait type 4 
that contained the vaccine adjuvant Carbopol (0.2%) 
and brought about a protective level of the rabies anti-
body in 80% of vaccinated dogs, with a mean SNT titer 
of 30.4 and ELISA PI% of 66.58. On the other hand, the 
vaccinal bait type 1, which contained a stabilizer and 
was adjuvanted with 0.2% Carbopol, resulted in the 

Table-1: Determination of the effective rabies oral vaccinal dose.

Used vaccine 
dose

Number of 
vaccinated dogs

SNT* 
titer

SNT mean ELISA
PI%**

ELISA PI% 
mean

Protection 
percentage

1 ml 5 2
2
4
4
8

Mean=4 9.70%
10.40%
15.85%
16.82%
21.4%

Mean=14.83 0%

2ml 5 8
16
16
16
32

Mean=17.6 24.3%
64.8%
62.1%
67.2%
74.6%

Mean=58.6 80%

3ml 5 32
16
16
32
32

Mean=25.6 78.3%
91.9%
68.3%
65.4%
74.6%

Mean=75.7 100%

*Mean SNT = the reciprocal of the final serum dilution which neutralized and inhibited the CPE of 100 TCID50 of rabies 
virus. (The protective SNT titer should not be less than 16). **ELISA PI% is ˃60% equivalent to 0.5IU/ML

Table-2: Evaluation of the of the different prepared rabies vaccine formulae in the buccal cavity of dogs.

Used vaccine 
dose

Number of 
vaccinated dogs

SNT*  
titer

SNT mean ELISA
PI%**

ELISA PI% 
mean

Protection 
percentage

With stabilizer 5 32 Mean=28.8 71.3 Mean=67.2 100%
32 69.4
32 65.8
16 62.1
32 67.4

Adjuvated with 
0.2% Carbopol

5 16 Mean=28.8 64.4 Mean=65.88 100%
32 73.1
32 68.3
16 63.1
16 60.5

Gel with 1% 
Carbopol

5 8 Mean=4.4 42.4 Mean=33.84 0%
4 38.2
2 24.7
4 34.2
4 29.7

Gel with SCMC 5 32 Mean=32 73.4 Mean=68.84 100%
64 76.7
32 65.8
16 64.9
16 63.4

*Mean SNT = the reciprocal of the final serum dilution which neutralized and inhibited the CPE of 100 TCID50 of rabies 
virus. (The protective SNT titer should not be less than 16). **ELISA PI% is ˃60% equivalent to 0.5IU/ML
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production of protective levels of rabies antibodies in 
20% and 40% of dogs with SNT titers and ELISA PI% 
values of 16 and 65.3 and 24 and 69.25, respectively. 
Furthermore, it was found that the administration of 
the vaccinal bait type 2 that contained a stabilizer and 
was adjuvanted with 0.2% Carbopol resulted in pro-
tective levels of rabies antibodies in 60% and 20% of 
dogs with SNT titers and ELISA PI% of 21.33 and 
66.36 and 32 and 70.9, respectively. The vaccinal baits 
type 3, which contains the rabies vaccine with SCMC, 
resulted in protective levels of rabies antibodies in 
20% of dogs with SNT titers and an ELISA PI% of 6.8 
and 35.62, respectively.
Discussion

Globally, almost all human deaths due to rabies 
are caused by dog bites, and approximately 99.9% of 
reported cases occur in Asia and Africa [39]. The oral 
vaccination of dogs (OVD) offers a new promising 
approach to achieve a significant increase in the dog 
vaccination coverage (especially among free-roam-
ing and poorly-monitored dogs), when applied either 
exclusively or in combination with parenteral vacci-
nation to boost herd immunity and the likelihood of 
disease elimination [47,48]. The present work is a trial 
to produce a potent oral rabies baits vaccine for the 
protection of free-roaming dogs to eliminate this dis-
ease. As the ERA strain of the rabies virus was used to 

control rabies in foxes during the 1989-2009 period, 
it led to a sharp decrease in the rate of post-exposure 
treatments in humans [49-51] and was used as field 
trials for OVD in Turkey and the Philippines [23,52]. 
A study by Aylan and Vos et al. [23] clearly showed 
the innocuity of SAD B19 for all mammal and bird 
species that were tested, and, most importantly, its per-
formance over 15 years in the field without incidents. 
In this study, the virus was propagated in the BHK21 
cell line until it reached a titer of 107.6 TCID50/mL. 
This titer is sufficient for vaccine preparation, as men-
tioned previously by Lawson et al. [53]; so, the sug-
gested dose of the virus vaccine suspension should 
have a titer of at least 106.8 TCID/mL at the time of 
manufacture. The effective dose of the vaccine was 
estimated by direct instillation of three different doses 
of the vaccine (1 mL, 2 mL, and 3 mL) in the buccal 
cavities of the dogs (5 dogs/dose), with an initial titer 
of 107.6 TCID50/mL. Rabies virus-neutralizing anti-
bodies (RVNA) were estimated after 28 days in the 
sera of the vaccinated dogs, which revealed that the 
3-mL dose produced a protective level of RVNA in 
100% of the dogs, while the 2-mL dose produced a 
protective level of RVNA in 75% of dogs and a 1-mL 
dose did not produce a protective level in the sera of 
vaccinated dogs. Results of the SNT were recorded as 
the reciprocal of serum dilutions. Results of >16 were 

Table-3: Determination of the acceptance and efficacy of the different type of rabies vaccine oral baits.

Type 
of 
baits

Used 
vaccine

Number of 
vaccinated 

dogs

Number of
eaten baits  

(acceptance)

Acceptance
rate

SNT* 
titer

SNT mean ELISA
PI%**

ELISA mean Protection 
percentage

Type 1 With 
stabilizer

5 1 30% 16 - 65.3 - 20%

Type 1 Adjuvated 
with 0.2% 
Carbopol

5 2 30% 16 Mean=24 64.9 Mean=69.25 40%
32 73.6

Type 2 With 
stabilizer

5 3 40% 16 Mean=21.33 64.5 Mean=66.36 60%
32 74.1
16 60.5

Type 2 Adjuvated 
with 0.2% 
Carbopol

5 1 40% 32 - 70.9 - 20%

Type 3 Gel with 
SCMC

5 5 100% 8 Mean=6.8 46.7 Mean=35.62 20%
2 21.6
16 63.8
4 24.6
4 21.4

Type 4 With 
stabilizer

5 5 100% 32 Mean=25.6 74.6 Mean=68.56 100%
16 62.1
16 64.2
32 69.8
32 72.1

Type 4 Adjuvated 
with 0.2% 
Carbopol

5 5 100% 32 Mean=30.4 75.4 Mean=66.58 80%
64 81.9
32 74.6
8 36.4
16 64.6

Unvaccinated 
control group

- 5 - - 09.0 - 0%

Type 1: Flavor coated sachet. Type 2: Fat wax mixture coated the sachet. Type 3: A hallow conical biscuit. Type 4: Hallow 
cylinder baits. *Mean SNT = the reciprocal of the final serum dilution which neutralized and inhibited the CPE of 100 TCID50 
of rabies virus. (The protective SNT titer should not be less than 16). **ELISA PI% is ˃60% equivalent to 0.5IU/ML
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considered to be RVNA-positive [54] and, in ELISA, 
a test-positive value or a blocking rate (PI%) of ˃60% 
was equivalent to 0.5 IU/mL. As was reported in a 
recent study on foxes, it was shown that all vacci-
nated animals that developed titers of >0.5 IU/mL 
survived the challenge, whereas all vaccinated foxes 
with titers of <0.5 IU/mL succumbed to rabies [24]. 
Relatively high doses of the vaccine are needed to 
successfully immunize dogs (Canis lupus familiaris) 
by the oral route than foxes as discussed in previous 
studies [23,55]. Different additives were added to the 
vaccine as stabilizers (5% LAH and 10% sucrose) for 
prolonging vaccine stability and 0.2% Carbopol gel 
to increase the mucoadhesive properties of the vac-
cine to the mucosa of the buccal cavity. Furthermore, 
to facilitate the steps of vaccine production, an oral 
gel vaccine formed from 1% Carbopol and from 30% 
SCMC was prepared for direct filling into the baits 
without the need for a sachet. These two polymers 
are water-soluble and have mucoadhesive properties 
that are useful in pharmaceutical industries [56]. For 
the oral vaccines, the OIE recommends two efficacy 
studies, one involving direct vaccine instillation into 
the oral cavity and the other including bait delivery 
of the vaccine (vaccine in-bait efficacy) [57]. In this 
study, a satisfactory result was obtained through the 
application of direct vaccine instillation with differ-
ent additives in the buccal cavities of the vaccinated 
dogs. The vaccine induced a protective level of serum 
neutralizing antibodies in dogs, except in the group of 
dogs that were vaccinated with the oral rabies vaccine 
containing 1% Carbopol gel, despite the formula that 
showed a higher viscosity and mucoadhesion prop-
erties due to its higher Carbopol content. Here the 
exhibited level of the antibodies was lower than the 
protective level, which may be attributed to the pH 
of the formula that affected the viability of the virus 
as shown in Table-2. The efficacy of the vaccine in 
baits was affected by the acceptability as in type one 
of baits with only three dogs out of ten accepting it. 
Four dogs out of ten in type two accepted it, while 
all dogs accepted types three and four and ate the 
baits within minutes. Hence, the percentage of dogs 
that produced protective levels of rabies antibodies 
differed according to the type of bait, to the extent 
that types one and two were acceptable for Raccoons 
and Coyotes [58] but seemed unacceptable for dogs. 
Interestingly, the high bait acceptability rate did not 
necessarily imply successful vaccination as shown in 
the case of the type three bait that induced a protective 
level of the rabies antibody in only 20% of vaccinated 
dogs, in spite of the high acceptability rate. The for-
mula of the vaccine inside the bait was incorporated in 
the oral rabies gel with SCMC, which led to the rapid 
swallowing of the bait and, probably, the rapid inacti-
vation or degradation of the rabies vaccine by the gas-
trointestinal tract. Optimally, the vaccine virus must 
be taken up in the oral cavity for the development of 
an immune response as reported by Bear et al. [21], 

which is supported by the findings from the study on 
the Köfte bait that was often swallowed completely 
without mastication, including the vaccine container 
used [59]. These results are shown in Table-3. All 
the dogs in the different groups remained healthy 
during the experiment that lasted for approximately 
6 months without showing any signs of disease, as the 
viral strain used was a safe strain [8,60,61]. Perhaps 
a similar study needs to be conducted in the future 
with artificial infection in the vaccinated dogs to con-
firm the obtained results; however, due to the serious 
zoonotic potential of the rabies virus, such a study 
would require special precautions. Our results show 
that the prepared rabies vaccine’s oral baits protected 
free-roaming dogs against rabies and can help to elim-
inate the disease in Egypt.
Conclusion

Formulated oral vaccines are easily administered 
to street dogs and can supplement the rabies control 
efforts of Egypt and other developing countries, but 
the main limitation is evaluating the vaccine appli-
cation against challenge with field virus in the future 
work.
Authors’ Contributions

NIA, WKE, YFE, ZTSS, MSD, and MHK: 
Conceptualization. NIA, MSD, EAS, and SAS: 
Methodology. WKE and MSD: Software. WKE, 
MSD, YFE, and NIA: Validation. NIA and MSD: 
Formal analysis. ZTSS: Investigation. MSD; WKE, 
and MHK: Resources. NIA, WKE, and MSD: Data 
curation. NIA and MSD: Drafted the manuscript. 
WKE: Reviewed and edited the manuscript. MSD: 
Visualization. MHK: Supervision. ZTSS: Project 
administration. MSD: Funding acquisition. All authors 
have read and approved the final manuscript.
Acknowledgments

The authors would like to thank staff members 
of Veterinary Serum and Vaccine Research Institute, 
Abbasia, Cairo, Egypt (Rabies Unit), for their tech-
nical support during the study. The authors did not 
receive any funds for this study.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Fooks, A.R. and Jackson, A.C. (2020) Preface. In: 

Fooks, A.R. and Jackson, A.C., editors. Rabies. 4th ed. 
Academic Press, Cambridge, Massachusetts. p17-18.

2. Briggs, D.J. and Moore, S.M. (2020) Public health manage-
ment of humans at risk. In: Fooks, A.R. and Jackson, A.C., 
editors Rabies. 4th ed., Ch. 16. Academic Press, Cambridge, 



Veterinary World, EISSN: 2231-0916 1389

Available at www.veterinaryworld.org/Vol.15/May-2022/29.pdf

Massachusetts. p527-545.
3. Müller, T. and Freuling, C. (2020) Rabies vaccines for wild-

life. In: Ertl, H.C.J., editor. Rabies and Rabies Vaccines. 
Springer, Cham, Switzerland. p45-70.

4. Rimal, S., Ojha, K.C., Chaisowwong, W., Shah, Y., Pant, D.K. 
and Sirimalaisuwan, A. (2020) Detection of virus-neutralis-
ing antibodies and associated factors against rabies in the 
vaccinated household dogs of Kathmandu Valley, Nepal. 
PLoS One, 15(4): e0231967.

5. Meske, M., Fanelli, A., Rocha, F., Awada, L., Soto, P.C., 
Mapitse, N. and Tizzani, P. (2021) Evolution of rabies in 
South America and inter-species dynamics (2009-2018). 
Trop. Med. Infect. Dis., 6(2): 98.

6. Gossner, C.M., Mailles, A., Aznar, I., Dimina, E., 
Echevarría, J.E., Feruglio, S.L., Lange, H., Maraglino, F.P., 
Parodi, P. and Perevoscikovs, J. (2020) Prevention of human 
rabies: A challenge for the European Union and the European 
Economic Area. Eurosurveillance, 25(38): 2000158.

7. Müller, F.T. and Freuling, C.M. (2018) Rabies control in 
Europe: An overview of past, current and future strategies. 
Rev. Sci. Tech., 37(2): 409-419.

8. Jackson, A.C. (2020) Pathogenesis. In: Fooks, A.R. and 
Jackson, A.C., editors. Rabies. 4th ed., Ch. 9. Academic 
Press, Cambridge, Massachusetts. p303-345.

9. Fooks, A.R. and Jackson, A.C. (2020) Future developments 
and challenges. In: Fooks, A.R. and Jackson, A.C., edi-
tors. Rabies. 4th ed., Ch. 22. Academic Press, Cambridge, 
Massachusetts. p689-698.

10. Knobel, D.L., Hampson, K., Lembo, T., Cleaveland, S. and 
Davis, A. (2020) Dog rabies and its control. In: Fooks, A.R. 
and Jackson, A.C. editors. Rabies. 4th ed. Academic Press, 
Cambridge, Massachusetts. p567-603.

11. Jackson, A.C. (2020) Human disease. In: Fooks, A.R. and 
Jackson, A.C., editors. Rabies. 4th ed., Ch. 8. Academic 
Press, Cambridge, Massachusetts. p277-302.

12. Ertl, H.C. (2019) New rabies vaccines for use in humans. 
Vaccines, 7(2): 54.

13. Wambura, G., Mwatondo, A., Muturi, M., Nasimiyu, C., 
Wentworth, D., Hampson, K., Bichanga, P., Tabu, C., 
Juma, S. and Ngere, I. (2019) Rabies vaccine and immu-
noglobulin supply and logistics: Challenges and opportuni-
ties for rabies elimination in Kenya. Vaccine, 37(Suppl 1): 
A28-A34.

14. Robardet, E., Bosnjak, D., Englund, L., Demetriou, P., 
Martin, P.R. and Cliquet, F. (2019) Zero endemic cases 
of wildlife rabies (classical Rabies Virus, RABV) in the 
European Union by 2020: An achievable goal. Trop. Med. 
Infect. Dis., 4(4): 124.

15. MacInnes, C.D., Smith, S.M., Tinline, R.R., Ayers, N.R., 
Bachmann, P., Ball, D.G., Calder, L.A., Crosgrey, S.J., 
Fielding, C. and Hauschildt, P. (2001) Elimination of rabies 
from red foxes in Eastern Ontario. J. Wildl. Dis., 37(1): 
119-132.

16. Vitasek, J. (2004) A review of rabies elimination in Europe. 
Vet. Med., 49(5): 171-185.

17. Abelseth, M. (1967) Further studies on the use of ERA rabies 
vaccine in domestic animals. Can. Vet. J., 8(10): 221-227.

18. Lawson, K. and Crawley, J. (1972) The ERA strain of rabies 
vaccine. Can. J. Comp. Med., 36(4): 339-344.

19. Baer, G., Linhart, S. and Dean, D. (1963) Rabies Vaccination 
of Foxes. Annual Report of the Division of Laboratories and 
Research, New York State Department of Health, Albany.

20. Black, J. and Lawson, K. (1970) Sylvatic rabies studies in 
the silver fox (Vulpes vulpes). Susceptibility and immune 
response. Can J. Comp. Med., 34(4): 309-311.

21. Baer, G.M., Broderson, J.R. and Yager, P.A. (1975) 
Determination of the site of oral rabies vaccination. Am. J. 
Epidemiol., 101(2): 160-164.

22. Müller, W., Güzel, T., Aylan, O., Kaya, C., Cox, J. and 
Schneider, L. (1998) The feasibility of oral vaccination 
of dogs in Turkey-an European Union supported project. 
J. Etlik Vet. Microbiol., 9(1): 61-71.

23. Aylan, O. and Vos, A. (1998) Efficacy studies with SAD 
B19 in Turkish dogs. J. Etlik Vet. Microbiol., 9(1): 93-101.

24. Vos, A., Müller, T., Schuster, P., Schlüter, H. and Neubert, A. 
(2000) Oral vaccination of foxes against rabies with SAD In 
Europe B19, 1983-1988: A review. Vet. Bull., 70(1): 1-6.

25. Sanchez, M.N., Soulet, D., Bonnet, E., Guinchard, F., 
Marco, S., Vetter, E. and Nougarede, N. (2020) Rabies vac-
cine characterization by nanoparticle tracking analysis. Sci. 
Rep., 10(1): 8149.

26. Doener, F., Hong, H.S., Meyer, I., Tadjalli-Mehr, K., 
Daehling, A., Heidenreich, R., Koch, S.D., Fotin-Mleczek, M. 
and Gnad-Vogt, U. (2019) RNA-based adjuvant CV8102 
enhances the immunogenicity of a licensed rabies vaccine in 
a first-in-human trial. Vaccine, 37(13): 1819-1826.

27. Leelahapongsathon, K., Kasemsuwan, S., 
Pinyopummintr, T., Boodde, O., Phawaphutayanchai, P., 
Aiyara, N., Bobe, K., Vos, A., Friedrichs, V. and Müller, T. 
(2020) Humoral immune response of Thai dogs after oral 
vaccination against rabies with the SPBN GASGAS vac-
cine strain. Vaccines, 8(4): 573.

28. Bommier, E., Chapat, L., Guiot, A., Hilaire, F., Cariou, C., 
Poulet, H., Pialot, D. and De Luca, K. (2020) Multivariate 
analysis of the immune response to different rabies vac-
cines. Vet. Immunol. Immunopathol., 220(2): 109986.

29. Liu, C., Li, J., Yao, Q., Gao, Z., Cheng, Y., Zhou, M., 
Tang, Y., Sun, L., Dai, J. and Cao, G. (2020) AAV-expressed 
G protein induces robust humoral and cellular immune 
response and provides durable protection from rabies virus 
challenges in mice. Vet. Microbiol., 242(4): 108578.

30. Wang, X., Fang, Z., Xiong, J., Yang, K., Chi, Y., Tang, X., 
Ma, L., Zhang, R., Deng, F. and Lan, K. (2019) A chim-
panzee adenoviral vector-based rabies vaccine protects 
beagle dogs from lethal rabies virus challenge. Virology, 
536(10): 32-38.

31. Zhang, W., Cheng, N., Wang, Y., Zheng, X., Zhao, Y., 
Wang, H., Wang, C., Han, Q., Gao, Y. and Shan, J. (2019) 
Adjuvant activity of PCP-II, a polysaccharide from Poria 
cocos, on a whole killed rabies vaccine. Virus Res., 270(9): 
197638.

32. Zhang, S., Hao, M., Feng, N., Jin, H., Yan, F., Chi, H., 
Wang, H., Han, Q., Wang, J. and Wong, G. (2019) 
Genetically modified rabies virus vector-based rift valley 
fever virus vaccine is safe and induces efficacious immune 
responses in mice. Viruses, 11(10): 919.

33. Debnath, A., Pathak, D.C., D’silva, A.L., Batheja, R., 
Ramamurthy, N., Vakharia, V.N., Chellappa, M.M. and 
Dey, S. (2020) Newcastle disease virus vectored rabies 
vaccine induces strong humoral and cell-mediated immune 
responses in mice. Vet. Microbiol., 251(12): 108890.

34. Smith, T.G., Millien, M., Vos, A., Fracciterne, F.A., 
Crowdis, K., Chirodea, C., Medley, A., Chipman, R., Qin, Y. 
and Blanton, J. (2019) Evaluation of immune responses in 
dogs to oral rabies vaccine under field conditions. Vaccine, 
37(33): 4743-4749.

35. Wallace, R.M., Cliquet, F., Fehlner-Gardiner, C., 
Fooks, A.R., Sabeta, C.T., Setién, A.A., Tu, C., Vuta, V., 
Yakobson, B. and Yang, D.K. (2020) Role of oral rabies 
vaccines in the elimination of dog-mediated human rabies 
deaths. Emerg. Infect. Dis., 26(12): 1-9.

36. Bonwitt, J., Bonaparte, S., Blanton, J., Gibson, A.D., 
Hoque, M., Kennedy, E., Islam, K., Siddiqi, U.R., 
Wallace,  R.M. and Azam, S. (2020) Oral bait preferences 
and feasibility of oral rabies vaccination in Bangladeshi 
dogs. Vaccine, 38(32): 5021-5026.

37. Černe, D., Hostnik, P. and Toplak, I. (2021) The success-
ful elimination of sylvatic rabies using oral vaccination of 
foxes in Slovenia. Viruses, 13(3): 405.

38. Sobey, K.G., Jamieson, S.E., Walpole, A.A., Rosatte, R.C., 
Donovan, D., Fehlner-Gardiner, C., Nadin-Davis, S.A., 
Davies, J.C. and Kyle, C.J. (2019) ONRAB® oral rabies 
vaccine is shed from but does not persist in captive mam-
mals. Vaccine, 37(31): 4310-4317.



Veterinary World, EISSN: 2231-0916 1390

Available at www.veterinaryworld.org/Vol.15/May-2022/29.pdf

39. World Health Organization. (2018) WHO Expert 
Consultation On Rabies: Third Report. World Health 
Organization, Geneva.

40. Reed, L.J. and Muench, H. (1938) A simple method of esti-
mating fifty percent endpoints. Am. J. Hyg., 27(3): 493-497.

41. Mariner, J.C., Van Den Ende, M.C., House, J.A., 
Mebus,  C.A., Salifou, S. and Stem, C. (1990) The serolog-
ical response to a thermostable Vero cell-adapted rinderpest 
vaccine under field conditions in Niger. Vet. Microbiol., 
22(2-3): 119-127.

42. Rockvilie, M. (1990) United States Pharmacopeial 
Convention. United States Pharmacopeia XXI I, Rockville, 
MD.

43. Aly, N.I., El-Shamandy, O.A.E., Shendy, M.B., Warda, F.F. 
and Farouk, E.M. (2020) Efficacy of using carbopol as an 
adjuvant for tissue culture inactivated rabies vaccine. J. 
Appl. Vet. Sci., 5(3): 103-107.

44. Aslani, A., Zolfaghari, B. and Davoodvandi, F. (2016) 
Design, formulation and evaluation of an oral gel from 
Punica granatum flower extract for the treatment of recur-
rent aphthous stomatitis. Adv. Pharm. Bull., 6(3): 391.

45. Xuan, X., Tuchiya, K., Sato, I., Nishikawa, Y., Onoderaz, Y., 
Takashima, Y., Yamamoto, A., Katsumata, A., Iwata, A. and 
Ueda, S. (1998) Biological and immunogenic properties of 
rabies virus glycoprotein expressed by canine herpesvirus 
vector. Vaccine, 16(9-10): 969-976.

46. Singh, K., Osman, O.A., El Cicy, I.F. and Baz, T.I. (1967) 
Colostral transfer of rinderpest neutralizing antibody to off-
spring of våccinated dams. Can. J. Comp. Med. Vet. Sci., 
31(11): 295.

47. World Health Organization. (2007) Oral Vaccination of 
Dogs Against Rabies: Guidance for Research on Oral Rabies 
Vaccines and Field Application of Oral Vaccination of Dogs 
Against Rabies. World Health Organization, Geneva.

48. Cliquet, F., Guiot, A.L., Aubert, M., Robardet, E., 
Rupprecht, C.E. and Meslin, F.X. (2018) Oral vaccination 
of dogs: A well-studied and undervalued tool for achieving 
human and dog rabies elimination. Vet. Res., 49(1): 61.

49. Bankovskiy, D., Safonov, G. and Kurilchuk, Y. (2008) 
Immunogenicity of the ERA G 333 rabies virus strain in 
foxes and raccoon dogs. Dev. Biol., 131(1): 461-466.

50. Nunan, C.P., Tinline, R.R., Honig, J.M., Ball, D.G., Hauschildt, 
P. and LeBer, C.A. (2002) Postexposure treatment and animal 
rabies, Ontario, 1958-2000. Emerg. Infect. Dis., 8(2): 214.

51. Rosatte, R., Sobey, K., Donovan, D., Allan, M., Bruce, L., 
Buchanan, T. and Davies, C. (2007) Raccoon density and 
movements after population reduction to control rabies. 
J. Wildl. Manag., 71(7): 2373-2378.

52. Estrada, R., Vos, A., De Leon, R. and Mueller, T. (2001) 
Field trial with oral vaccination of dogs against rabies in the 
Philippines. BMC Infect. Dis., 1(1): 23.

53. Lawson, K., Hertler, R., Charlton, K., Campbell, J. and 
Rhodes, A. (1989) Safety and immunogenicity of ERA 
strain of rabies virus propagated in a BHK-21 cell line. Can. 
J. Vet. Res., 53(4): 438.

54. Barton, L.D. and Campbell, J.B. (1988) Measurement of 
rabies-specific antibodies in carnivores by an enzyme-
linked immunosorbent assay. J. Wildl. Dis., 24(2): 246-258.

55. Rupprecht, C., Dietzschold, B., Cox, J. and Schneider, L. 
(1989) Oral vaccination of raccoons (Procyon lotor) with an 
attenuated (SAD-B19) rabies virus vaccine. J. Wildl. Dis., 
25(4): 548-554.

56. Aslani, A., Ghannadi, A. and Najafi, H. (2013) Design, 
formulation and evaluation of a mucoadhesive gel from 
Quercus brantii L. and Coriandrum sativum L. as periodon-
tal drug delivery. Adv. Biomed. Res., 2(1): 21.

57. Fooks, A., McElhinney, L., Horton, D., Banyard, A., 
Johnson, N., Marston, D., Freuling, C., Hoffmann, B., 
Tu, C. and Fehlner-Gardiner, C. (2012) Molecular Tools for 
Rabies Diagnosis in Animals, OIE, Compendium of the OIE 
Global Conference on Rabies Control. World Organisation 
for Animal Health, Paris. p75-87.

58. Linhart, S.B., Wlodkowski, J.C., Kavanaugh, D.M., Motes-
Kreimeyer, L., Montoney, A.J., Chipman, R.B., Slate, D., 
Bigler, L.L. and Fearneyhough, M.G. (2002) A new fla-
vor-coated sachet bait for delivering oral rabies vaccine to 
raccoons and coyotes. J. Wildl. Dis., 38(2): 363-377.

59. Schuster, P., Gülsen, N., Neubert, A. and Vos, A. (1998) 
Field trials evaluating bait uptake by an urban dog popula-
tion in Turkey. J. Etlik Vet. Microbiol., 9(1): 73-81.

60. Vos, A., Neubert, A., Aylan, O., Schuster, P., 
Pommerening, E., Müller, T. and Chivatsi, D.C. (1999) An 
update on safety studies of SAD B19 rabies virus vaccine 
in target and non-target species. Epidemiol. Infect., 123(1): 
165-175.

61. Lojkić, I., Šimić, I., Bedeković, T. and Krešić, N. (2021) 
Current status of rabies and its eradication in Eastern and 
Southeastern Europe. Pathogens, 10(6): 742.

********


