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Abstract
Worldwide rabies in dogs is the source of 99% of human infections. This makes dogs potential reservoir and
transmitters to human being. Pre and post-exposure prophylaxis are means of protection against the rabies virus. The
main objective of this experiment was to determine the safety and immunogenicity of Vero cell culture based rabies
vaccine “ETHIORAB” manufactured by Ethiopian Health and Nutrition Research Institute, Vaccine and Diagnostic
Production Directorate. The obtained vaccine was tested on mice and satisfactory safety results were observed.
Random Clinical Trial (RCT) design was used for this experiment. Twelve experimental dogs from local breed were
duly conditioned during a quarantine period and assigned to two groups randomly. Group I (cases) were vaccinated
subcutaneously with 1 ml of ETHIORAB. Dogs in group II served as non-vaccinated controls. To evaluate the titer
of the rabies virus neutralizing antibodies (VNA), sera were analyzed by Fluorescent Antibody Virus Neutralization
(FAVN) test. Serum neutralizing antibody geomtric mean titers (GMT) to rabies virus was determined at days 7, 15,
21, 30, 60 and 90. Geomtric mean titers were equal to 1.55, 1.73, 2.02, 3.45, 3.57 and 3.17 IU/ml respectively. All
dogs showed VNA titers higher than the 0.5 IU/ml mandated WHO recommended threshold. This study indicated
ETHIORAB rabies vaccine manufactured in Ethiopia is safe and immunogenic.
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Introduction
Rabies is acute progressive fatal encephalitis, caused by RNA virus
from the family Rhabdoviridae, genus Lyssavirus, which includes seven
genotypes [1]. Although a number of carnivore and bat species serve
as natural reservoirs, worldwide rabies in dogs is the source of 99% of
human infections and poses a threat to >3.3 billion people [2]. There
are an estimated 60,000 human rabies related deaths worldwide each
year. Of these, most cases occur in Asia and Africa (WHO, 2009).
Rabies in Ethiopia is primarily a disease of dogs. Many people are
at increased risk of being exposed to rabies since, man-dog contact is
very common [3]. Annual reports of Ethiopian Health and Nutrition
Research Institute (EHNRI) indicated that a total of 488 lab confirmed
human rabies cases in and around Addis Abeba had occurred between
the period 1964 and 1975 [4,5]. The total fatal human cases between
2001-2009 were 386 humans with annual range of 35 to 58 [4].
More than 95% of human rabies cases occur in unvaccinated or
improperly treated individuals. This is at least partly due to the fact that
modern post-exposure rabies prophylaxis is expensive and therefore
not readily available in many endemic regions [6].
Vaccine immunogenicity is a key factor in judging the effectiveness
of vaccines and usually reflects both the antigen content of a particular
batch and the titer of antibody induced following inoculation. The key
parameter measured in humans or animals, is the titer of neutralizing
antibody induced following vaccination [7].
Rabies vaccines produced in mammalian neural tissues have the
disadvantage of causing severe adverse reactions, at a rate estimated as
0.3–0.8 per thousand treated patients [8]. World Health Organization
(WHO) has recommended since the 90s that they have to be replaced
by vaccines produced in substrates free from animal nervous tissues, as
the latter are more immunogenic and, more importantly, safer [9,10].
The vaccines recommended by WHO include those produced in Vero
cells, available since the 1980s. Unfortunately, the cell culture rabies
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vaccines are expensive and not readily available to individuals living in
developing countries where rabies is endemic in dogs [11].
Sheep brain derived Fermi type rabies vaccine is still being
manufactured and utilized for the majority of exposed patients in
Ethiopia, even though this vaccine has been discouraged by the WHO.
The high costs of tissue culture vaccine and inertia have been the main
barrier to the replacement of Fermi type vaccine. Currently EHNRI is
working to improve anti-rabies vaccine production by changing the
nervous tissue vaccine (Fermi type) to cell culture based vaccine.
ETHIORAB is based on the Evelyn RokitnikiAbelseth (ERA) fixed
rabies virus strain and propagated on Vero cell line. It is intended for
use in medical practice for prophylactic vaccination of animals against
rabies. It is inactivated with 5% formalin and it is in liquid form.
Special attention must be paid to testing the safety and
immunogenicity of inactivated vaccines [12]. An important factor in
the preparation of a viral vaccine is that the immunogenicity of the
virus be retained at the highest possible level. Achieving this goal, while
ensuring the complete inactivation of the virus, quite often presents a
technical problem [13].
The development of adequate level of antibody ≥ 0.5 IU/ml
is necessary for protection against rabies. In contrast to the nerve
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tissue vaccines, tissue culture vaccines particularly human diploidcell strain type is highly potent, immunogenic and least reactogenic
[14]. According to the WHO, Biological standardizations [15], rabies
vaccine passes the test if the estimated immunogenicity is not less
than 0.5 IU/ml. In addition, the final vaccine should not be licensed or
released unless an adequately designed experiment has demonstrated
a duration of immunity of at least 1 year in the species for which the
vaccine is to be used [12]. There have been no studies of safety and
immune response to ETHIORAB anti-rabies vaccine produced in
Ethiopia. In order to demonstrate that ETHIORAB is safe and effective,
this study investigated the safety and immunogenicity of ETHIORAB
in 12 dogs of local type.

Objective
The objective of this study is to determine whether the vaccine
ETHIORAB (for veterinary use) has the required safety and
immunogenicity.

Materials and Methods
Study place
The study was conducted at the Ethiopian Health and Nutrition
Research Institute (EHNRI), Vaccine and Diagnostic Production
laboratory.

Experimental animals
Mice: Sixteen albino mice of 3-4 weeks weighing 6-8 g, obtained
from EHNRI were used for the safety study of test vaccine.

common breed were duly conditioned during a quarantine period and
assigned to two groups randomly. Group I (cases) were vaccinated
subcutaneously with 1 ml of ETHIORAB. Dogs in-group II served as
non-vaccinated controls. Dogs assigned to the two groups, were bled
at day zero (pre-vaccination) and at days 7, 15, 21, 30, 60, and 90 and
120 post-vaccination. Blood samples were centrifuged and sera frozen
at -20°C until analysed. Virus Neutralizing Antibodies (VNA) titers
to rabies virus were determined by FAVN test [16]. International
Reference Sera (OIE reference laboratory for rabies, Nancy, France)
were used to express the results in IU/ml. Dogs with a VNA titer of
≥ 0.5IU/ml were considered as sero converted for rabies neutralizing
antibody according to WHO recommendations of acceptable sero
protection [10]. All animals were rabies sero negative prior to
vaccination.
Serum sample collection: Four milliliters of blood from dogs were
drawn on days 0 (pre-vaccination sample), 7, 15, 21, 30, 60, 90 and 120
by a veterinarian using plain vacutainer tubes. Vacutainer tubes were
labeled immediately prior to blood sample collection. The collected
blood samples were left at room temperature for 30 minutes to two
hours for clotting and then centrifuged at 2500 rpm for 10 minutes to
separate the sera. The serum samples were coded, and kept frozen at
-20°C throughout the study period.
Fluorescent Antibody Virus Neutralization (FAVN) test:
Fluorescent Antibody Virus Neutralization (FAVN) test was conducted
according to Cliquet et al. [16]

Laboratory analysis

Dogs: Twelve dogs 4–5 months old, from the common local
breed, were purchased, and quarantined for six weeks. They were deparasitized, vaccinated against the major canine infectious diseases
(DHPPiL, CANVAC) and properly fed. The animals were then
transferred to an experimentation cage.

Safety study: To check the presence of residual virulent virus in
the vaccine mice inoculation test were done. Volumes of 0.03 ml of the
final vaccine were inoculated intracerebrally into 16 mice which were
observed for 21 days. The test is satisfactory if none of the mice show
any sign of rabies.

Biologicals

Statistical analysis

Product: ETHIORAB, manufactured by Ethiopian Health and
Nutrition Research Institute, which was Vero cell culture based ERA
fixed rabies strain containing 1IU/ml in a single dose, was used in this
study. The vaccine was produced by multiplication of ERA rabies strain
on Vero cell line grown on roller bottle. Virus harvests were clarified by
filtration through 0. 2 µm filter and then inactivated by 5% formalin.
Standard serum: OIE Standard Serum of dog origin (OIE reference
laboratory for rabies, Nancy, France) stored at + 4°C and diluted to
0.5 IU/ml with PBS according to the titer of the batch was used to the
internal control which was used for FAVN testing.
Fluorescent Isothiocyanate Conjugate (FITC): Flourescent
Isothiocyanate conjugated Anti-rabies serum (ARRIAH, Vladimir,
Russia) was used for the identification of rabies virus.
Fixed virus strain:
Evelyn Rokitniki Abelseth (ERA): The ERA fixed rabies strain was
kindly donated by Center for Disease Control and Prevention, Atlanta
(CDC). Working seed virus was prepared from the master seed virus
for the production of the test vaccine.

Experimental Design
Immunogenicity study: Random Clinical Trial (RCT) design
was used for this experiment. Twelve experimental dogs from local
J Vaccines Vaccin
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All animals that were sero negative for rabies neutralizing
antibodies at baseline were included in the immunogenicity analysis.
Microsoft Excel Version 2007 was used to determine the Geometric
mean titers. Median lethal dose and the effective dose of CVS were
calculated by Spearman-Kärber formula (WHO, 1996). GMT values
were calculated on day 0, 7, 15, 21, 30, 60, 90 and 120.
Calculation of immunogenicity: The 50% endpoint of the
antibody (D50) content of the sera and virus titrations (TCID50) was
calculated according to Spearman–Karber method (WHO, 1996).

Ethical Clearance
This Project obtained Ethical Clearance from Ethiopian Health and
Nutrition Research Institute, Scientific and Ethical Review Committee.

Results
Safety study on mice
To check the presence of residual virulent virus in the vaccine, mice
inoculation test were done. Volumes of 0.03 ml of the final vaccine
were inoculated intracerebrally in to 16 mice of age 3-4 weeks and
observed for 21 days. Ruffling, partial paralysis, paralysis and death
were the parameters under observation. According to the observation
that we had, none of the mice showed any sign of ruffling, partial
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Fifteen days after the administration of the vaccine the rabies
antibodies response showed an increase of mean titer of VNA, the
mean titer was 1.7 IU/ml (Figure 2). The result obtained at day 15
was lower than those reported by Kallel et al. [18] in which the rabies
virus neutralization antibody was 6.1 IU/ml at day 15. At 21 days
post-vaccination, all vaccinated animals except one dog showed titer
increase (Figure 3). At day 30, all dogs showed an increase in rabies
virus neutralization antibody. Five dogs had a mean titer higher than
3.45 IU/ml at day 30 post vaccination. Figure 4 shows rabies antibody
response 30 days after vaccination.
At day 60 all dogs showed a good immune response to ETHIORAB
rabies vaccine with a GMT of 3.57 IU/ml and this result is the highest
antibody titer response to the test vaccine Figure 5 shows the rabies
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Figure 4: Rabies virus neutralization antibody to ETHIORAB rabies vaccine at
day 30 post vaccination.
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Figure 1: Rabies virus neutralization antibody response (IU/ml) day 7 after
vaccination with ETHIORAB rabies vaccine.

Day 15
Rabies Virus neutralization antibody
IU/ml

3.5

Figure 3: Rabies virus neutralization antibody response (IU/ml) at day 21 after
vaccination with ETHIORAB rabies vaccine.
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All the animals assigned to the experimental group responded to
ETHIORAB rabies vaccine and developed rabies VNA. Seven days after
vaccine administration the GMT of virus neutralizing antibody was
1.55 IU/ml (Figure 1). This result is better than those reported by Kallel
et al. [18], in which the rabies antibody sera responded after 7 days.
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paralysis, paralysis and death. This data is in agreement with WHO
recommendation for cell cultured based rabies vaccine WHO (1994)
[17]. Therefore, from the experiment for safety study, ETHIORAB
rabies vaccine was safe to use when 5% formalin was used as an
inactivating agent.
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Figure 5: Rabies virus antibody response 60 days after vaccination with
ETHIORAB rabies vaccine.
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antibody response at day 60. At day 90 rabies virus antibody responses
declined in 2 dogs, maintained in one dog and increased in three of the
dogs (Figure 6). The GMT at day 60 and 90 was 3.57 IU/ml and 3.154
IU/ml respectively.
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Figure 2: Rabies virus neutralization antibody response (IU/ml) at day 15 after
vaccination with ETHIORAB rabies vaccine.
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In our study, all dogs vaccinated with ETHIORAB rabies vaccine
showed a good immune response to rabies virus and have a rapidly
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showed that dogs immunized with cell-culture vaccine had a higher a
virus neutralizing antibody titer than the animals vaccinated with the
nerve-tissue vaccine (1.27 IU/ml versus 0.44 IU/ml) [26-32].
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Figure 6: Rabies virus neutralization antibody response IU/ml to ETHIORAB
at day 60 and 90.

developed a high titer of rabies virus neutralizing antibodies,
demonstrating that our experimental vaccine was highly immunogenic.
These data were similar to Kallel et al. [18] who had done rabies vaccine
in field trial on dogs. The antibody levels peaked at 30-60 days after
vaccination with ETHIORAB and then progressively declined. These
data were similar with those reported by Sage et al. [19] who used 26
dogs that were older than 3 months and not vaccinated.
This study was done on 12 dogs under controlled conditions to
evaluate the safety and immunogenicity of cell culture based rabies
vaccine produced in Ethiopian Health and Nutrition Research
Institute. After vaccination with 1ml of ETHIORAB rabies vaccine
subcutaneously, antibody titers rose rapidly as early as day 7 and all dogs
had antibody titers above the WHO-recommended sero conversion
threshold (≥ 0.5 IU/ml). This data is in agreement with those reported
by Wang et al. [20]; Minke et al. [21] and Rio et al. [22].
Moreover, the absence of any ruffling, partial paralysis, paralysis
and death after intracerebral inoculation in mice and vaccination in
dogs with ETHIORAB rabies vaccine indicates that the vaccine is safe,
free from extraneous agents, complete inactivation of the virus and
efficiently acceptable for vaccinations against rabies in dogs. Moreover,
as indicated elsewhere Monaco et al. [23], using cell cultured types
vaccines are not only leading to short term therapy, but also causes an
efficient immunity without contraindication or side effects.
Bahloul et al. [24] evaluated the efficiency of Rabisin vaccine in field
dogs in Tunisia, and reported that at 1 month post-vaccination, the
mean rabies virus neutralizing antibody titers of dogs vaccinated with
the Rabisin vaccine was 4 IU/ml. This study is in line with the present
study and support the use of ETHIORAB vaccine in replacement of the
nerve-tissue vaccines.
At day 90 rabies virus antibody response of this study vaccine
started to decline in 2 dogs maintained in one dog and increase in three
of the dogs, In agreement with our findings in this experiment, similar
studies reported from Thailand Tepsumethanon et al. [25] showed
owned dogs, vaccinated subcutaneously with a cell-culture derived
vaccine, exhibited very rapidly decreased neutralizing antibody titers 60
days post-vaccination. Contradictory to this finding a study previously
reported from Cameron et al. (1987), dogs primary vaccinated with
either a Semple type rabies vaccine or a cell culture derived vaccine,
developed a low level of neutralizing antibody and 1 month postvaccination, mean rabies virus neutralizing antibody titers were 0.37
and 0.46 IU/ml, respectively. However, a booster injection after 1 year,
J Vaccines Vaccin
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Currently, in Ethiopia, Sheep brain derived Fermi type rabies
vaccine is still being manufactured and utilized for the majority of
exposed patients, even though this vaccine has been discouraged by
the WHO since 1990s. Importantly, a failure rate of 0.3 to 0.8 per
1000 treated patients was reported. To solve the problem related to
Fermi type vaccine, currently cell culture based anti-rabies vaccine is
manufactured at Ethiopian Health and Nutrition Research Institute
(EHNRI) and immunogenicity and safety procedures are studied
using non-clinical study on dogs. In this study, all dogs demonstrated
an extremely rapid immune response to vaccination with cell culture
based anti-rabies vaccine produced for the first time in Ethiopia, within
7 days of the first injection and maintaining antibody levels over 0.5
IU/ml for 90 days. Moreover, the safety study indicates the rabies
virus is completely inactivated with 5% formalin. This indicates that
a complete inactivation of the rabies virus and immunogenicity of
ETHIORAB rabies vaccine. As clearly observed in this study, a single
dose of ETHIORAB rabies vaccine was sufficient to envoke antibodies
for a minimum of 90 days. Moreover, still after 90 days of a single
immunization with ETHIORAB, neutralizing antibody titers remained
greater than the minimal acceptable human level of antibody titer ( ≥
0.5IU/ml). The measurement of neutralizing antibodies to rabies virus
is commonly used to assess the level of immunity to rabies in animals.
Induction of these antibodies by vaccine is a key determinant of viral
neutralization and animal protection against disease development.
Based on the clinical observations and serologic assay we are obtained,
it can be concluded that ETHIORAB is a safe and immunogenic vaccine
that could elicit the required, and even very high, antibody responses,
if given subcutaneously to dogs. From the above non-clinical trial
for safety and immunogenicity studies, further study is warranted to
know the duration of the immunity and protectively to clinical isolates.
Moreover, field trials are required before marketing or licensing.
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