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ABSTRACT

Enterotoxemia caused by Clostridium perfringens is an important disease in rabbits. Clostridium perfringens type A
induces severe diarrhea, bloat, and high mortalities, especially among weaned rabbits. This study investigated the
potency of inactivated vaccine formulations that protect rabbits against Clostridium perfringens type A by preparing
two monovalent vaccines with different adjuvants (Montanide gel 01™ and aluminum hydroxide gel). Three groups of
rabbits consisted of a control group that received 2mL phosphate buffer saline subcutaneously and two groups injected
with 2mL of the prepared monovalent vaccines subcutaneously in 2 doses at three weeks intervals with two different
adjuvants (Montanide gel and aluminum hydroxide gel). Antibody titers of the vaccinated rabbits were determined up
to 11 months using ELISA and serum neutralization tests. The aluminum hydroxide gel vaccine was protected till 6
months with a protection rate of 80%, and the Montanide gel 01 TM vaccine was protected till 10 months with a
protection rate of 90%. It is concluded that the Montanide gel adjuvant vaccine has a longer-lasting immunity than the
aluminum hydroxide gel vaccine.
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INTRODUCTION

Clostridium spp. is a normal inhabitant in the animal’s
intestinal tract, harmless until it activates and releases its
toxin under stress conditions or changes in diet (Asadi et
al. 2023). Clostridium perfringens was related to specific
enteric diseases in animals and humans named foodborne
diseases which are associated with specific symptoms like
diarrhea, enterotoxaemia, and enteritis (Grenda et al. 2023).
In animals, enterotoxemia is frequently the most common
disease caused by Clostridium perfringens (Uzal et al.
2018). Clostridium perfringens is a pathogen responsible
for causing enterotoxaemia, enteritis, and gangrene in both
humans and animals (Mehdizadeh Gohari et al. 2021).
Clostridium perfringens secrets enterotoxins that are
responsible for inducing severe lesions and damage in
rabbit’s intestinal tract tissues associated  with
accumulation of fluid (Garcia et al. 2014). Diab et al.
(2003) isolated Clostridium perfringens type A toxin from
caecal contents of dead rabbits suffering from diarrhea with
enterotoxaemia at different farms. Al-Jindan et al. (2023)
isolated a strain of Clostridium perfringens from a rabbit
fecal sample suffering from severe gastrointestinal

disturbance. Clostridium perfringens type A was an
important pathogen that responsible of causing acute
enterotoxaemia and bloat in rabbits accompanied by high
mortalities that may reach to 50% especially at age 5-7
weeks and significant economic losses, also this strain was
classified as multi-drug resistant as antibiotic treatment
ineffective. As a result of this finding, vaccination was the
proper choice for protection. Vaccine production progress
is associated with choosing a proper adjuvant that
elaborates the long duration of high immunity. The
effective factor in vaccine manufacture as an adjuvant
which was responsible for stimulating both humoral and
cellular immunity (Dalsgaard et al. 1990). Aluminum
compounds widely used as adjuvants specifically in
manufacturing of human vaccines for 70 years and more
based on their ability to enhance antibody production
(Ulanova et al. 2001). Aluminum adjuvant vaccines are
widespread and are related to excellent safety, cheap
availability and a long-life shelf (Laera et al. 2023).
Aluminum adjuvanted vaccines were used in both human
and veterinary vaccines for a long time (Pérez et al. 2012;
Di Pasquale et al. 2015). Also, aluminum hydroxide
adjuvant was used in many licensed vaccines such as
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COVID-19 (Laera et al. 2023). Aluminum hydroxide
adjuvants may cause adverse reactions if the vaccines are
stored under specific conditions like unfavorable
temperatures (He et al. 2015). Montanide gel is a
polymer-adjuvant that is already used in vaccine
production due to its safety and high immune response
(Deville et al. 2011; Téllez-Martinez et al. 2019).
Montanide gel 0.1™ is a recent water-based adjuvant that
improved vaccine efficacy. It elicits high long-duration
immunity without any adverse effects (Parker et al. 2009).
The Montanide Gel 01 ™ was safer than oil adjuvants and
fewer adverse effects were observed in vaccinated
animals (Matsiela et al. 2022).

The aim of the current study was to determine and
compare the potency of the prepared inactivated
Clostridium perfringens type A monovalent vaccines by
adding Montanide gel and aluminum hydroxide gel as
adjuvants.

MATERIALS AND METHODS

Ethical approval

All procedures are performed according to Egyptian
animal ethical standards of the committee of national
research. Ethical issues are reviewed according to the ethics
guidelines and protocol of (NLQO) and by the Ethical
Committee of veterinary serum and vaccine research.

Bacterial strain

Clostridium perfringens type A isolate was identified
by the committee of the institute VSVRI from dead rabbits
that suffered from bloat and severe diarrhea. The strain
identification was dependent on culture characters, Nagler
test, dermonecrotic reaction, and toxin neutralization test
(Eyre 2009).

Vaccine preparation

The lyophilized isolated strain was rehydrated in
cooked meat medium and incubated under the anaerobic
condition at 37°C then examined on sheep blood agar
aerobically and anaerobically at 37°C for 24 hours. Then
transferred to the starter primary peptone medium and
incubated for 4 hours then transferred to the secondary
production medium containing 1% sucrose for 4-5 hours
at pH 8 at 37°C to achieve optimum growth for toxin
production and filtered by using a Millipore filter for cell
separation. According to Fu et al. (2004) the toxin
minimal lethal dose (MLD) was determined in mice by
measuring the minimum amount of the alpha toxin which
was responsible for killing two mice from three within
two days. The prepared toxin was inactivated by the
addition of 0.5% formalin for 7 days till inactivation
completely occurred. The Merthiolate (thiomersal
0.01%) was added as a preservative agent on the second
day of formalin addition. Then the toxoid was filtered by
using a Millipore filter for cell separation, then the
adjuvant was added. The prepared toxoid was divided
into two parts one of them added aluminum hydroxide
gel adjuvant (20% of the solution) and the other was
added with Montanide gel adjuvant (20% of the
solution), both vaccines were homogenized by magnetic
stirring then the vaccine was examined for safety and
sterility.
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Quality control of the prepared vaccines
Sterility test

The test was carried out by the British Pharmacopeia
Commission (2007). One milliliter (ml) of the prepared
toxoid was transferred into two tubes called fluid
thioglycollate and nutrient agar slope; incubated
aerobically at 37°C and 1mL of the prepared toxoid was
incorporated into cooked meat broth and anaerobically
incubated at 37°C. Two Sabouraud agar tubes were
inoculated, one incubated at 37°C and another incubated at
room temperature. All tubes were observed for ten days for
bacterial or fungal growth, the vaccine is considerably
passable if no growth appears in any of the inoculated
media.

Safety test

There were two safety tests, the first one was carried
out by injecting five male Swiss white mice (22g) with
0.5mL of toxoid intraperitoneally. The second safety test
was carried out by injection of five male Guinea pigs
(250-300g) intramuscular with 3mL of the prepared
toxoid. The inoculated animals were observed for 14
days.

The potency of the vaccines

Thirty representative Bosket rabbits (2-2.5kg) free
from Clostridium perfringens type A were used. The
experimental rabbits were reared in a hygienic environment
with restricted precautions, suitable ventilation, and
sterilized water (Bennegadi et al. 2003). The rabbits were
assigned to three groups (10/group); group (1) was
vaccinated with aluminum hydroxide gel adjuvanted
toxoid, group (2) was vaccinated with Montanide gel
adjuvanted toxoid, and group (3) served as control group
negative unvaccinated group. The groups of vaccinated
rabbits were injected with 2 doses of 2ml (S/C) with
intervals of three weeks of the prepared vaccines and the
control group was injected with phosphate buffer saline.
Blood samples (2mL) were collected from the ear vein after
vaccination monthly and the sera were separated, pooled,
and kept in sterile screw-capped bottles at -20°C until
determination of humoral immune response by serum
neutralization test and ELISA.

Determination of humoral immunity
Serum neutralization test

In this test serially dilution of serum samples occurs
with the addition of an equal volume of alpha toxin
incubated for 1 hour at 37°C then injected into two male
Swiss white mice I/V with 0.2 mL from each dilution and
observed mice for a day. The highest serum dilution that
causes mice death was observed as the antibody titer
measured by the International Unit (IU) (Barile et al.
1970).

Enzyme-linked immunosorbent assay

The assay was measured in accordance with Lee et al.
(2012) and calculation of values in standard curve linear
regression that represented values of antibody titer
(Grabowska et al. 2002) by using of weighted parallel line
model Y=0+B x is a straight line in which Y was Logarithm
of dilution absorbance, o and B represented observed data
and X was unknown value.



Challenge test

This test was done according to El-Maghraby et al.
(2019) after the second week post boostering. The
vaccinated groups and the unvaccinated control group were
challenged by S/C injection with 0.1mL of the virulent
alpha toxin of Clostridium perfringens type A strain and
observed for 15 days post-challenge and mortality rate was
recorded till the end of the experiment. Then the protection
percentages of the prepared vaccines were calculated.

Statistical analysis

One-way ANOVA used to analyze the data by SPSS
version 25. Differences were considered to be significant
for values of P<0.05.

RESULTS

Minimum lethal dose

The local isolated strain was confirmed to be
Clostridium perfringens type A and the Minimum Lethal
Dose (MLD) of the toxin production media gives 100
MLD/mL.

Sterility and safety tests of the prepared toxoid
Sterility tests

All sterility tubes are free from any bacterial and
fungal growth aerobically and anaerobically.

Safety tests
All mice and guinea pigs survived without showing
any symptoms of the disease.

Determination of antibody titer

No antibodies against alpha toxoid were detected in the
sera of rabbits before immunization. Standard alpha
antitoxin (National Institute for Biological Standards and
Control, United Kingdom) was used for the determination
of SNT and ELISA. Table 1 and Fig. 1 indicated that the
mean Clostridium perfringens type A alpha antitoxin titers
as measured by ELISA in rabbits received vaccine with
aluminum hydroxide gel adjuvant was 2.66 and titer in
rabbits received vaccine with Montanide gel adjuvant was
3.63. It is clear that the mean antibody titers of both
vaccinated groups measured by ELISA increased in the
first month post-vaccination and then declined gradually
till they reached the non-protective level, which is less than
0.5IU. In the case of the aluminum hydroxide gel
adjuvanted vaccing, the antibody titer level decreased after
seven months (0.54), while in the Montanide gel adjuvant
vaccine, the titer decreased after 10 months (0.50). The
results in Table 2 and Fig. 2 showed that mean antibody
titer measured in vaccinated rabbits by SNT confirms the
results of ELISA. It is clear that the mean antibody titers of
both vaccinated groups increased after vaccination and then
decreased gradually till reached to the non-protective level
(less than 0.51U) after seven months in the aluminum
hydroxide gel adjuvant vaccine group, compared to ten
months among Montanide gel adjuvant vaccine group.
Table 3 illustrates that the protection rate of the prepared
vaccines was 90% and 80% among the Montanide gel
adjuvant vaccine group (G2) and aluminum hydroxide gel
adjuvant vaccine group (G1) respectively. In all vaccinated
rabbits a strong antibody response against alpha toxoid was
detected six months after immunization.
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Table 1: Determination of humoral immunity of the prepared
vaccines against Clostridium perfringens type A in rabbits by ELISA

Duration(months) Groups
Gl G2 G3

1 2.66+0.64 3.63+0.88 0
2 1.80+0.73 2.62+0.78 0
3 1.33+0.48 1.95+0.57 0
4 1.30+0.47 1.69+0.32 0
5 0.76+0.18 1.31+0.22 0
6 0.59+0.09 1.06+0.30 0
7 0.52+0.07 0.84+0.16 0
8 0.43+0.04 0.70+0.11 0
9 0 0.54+0.09 0
10 0 0.50+0.089 0

ELISA: Enzyme-linked immunosorbent assay, G1: Vaccinated
with C. perfringens type A toxoid adjuvanted with aluminum
hydroxide gel vaccine, G2: Vaccinated with C. perfringens type
A toxoid adjuvanted with Montanide gel vaccine and G3: control
unvaccinated group.

Table 2: Determination of humoral immunity of the prepared
vaccines against Clostridium perfringens type A in rabbits by
serum neutralization test (SNT)

Duration (months) Groups
Gl G2 G3

1 2.5+0.80 3.3+0.90 0
2 1.70£0.78 2.35+0.83 0
3 1.32+£0.64 2.05+£072 0
4 1.30+0.60 1.540.44 0
5 1.10+0.30 1.3+0.45 0
6 0.76+0.24 1.240.33 0
7 0.45+0.26 1.0+0.30 0
8 0.40+0.20 0.95+0.15 0
9 0 0.70+0.24 0
10 0 0.5+0.15 0

SNT: Serum neutralization test, G1: Vaccinated with C.
perfringens toxoid adjuvanted with aluminum hydroxide gel
vaccine, G2: Vaccinated with C. perfringens toxoid adjuvanted
with Montanide gel vaccine. and G3: control unvaccinated group.

Table 3: Results of the challenge test among the vaccinated
rabbits using Clostridium perfringens type A.

Groups  No. of challenged  Dead rabbits/ Protection
rabbits total no. rate (%)

Gl 10 2/10 80

G2 10 1/10 90

G3 10 8/10 20

G1: Vaccinated with C. perfringens toxoid adjuvanted with
aluminum hydroxide gel vaccine, G2: Vaccinated with C.
perfringens toxoid adjuvanted with Montanide gel vaccine, and
G3: Unvaccinated control group.

Mean antibody titer of prepared vaccines by ELISA
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Fig. 1: Mean antibody titer of aluminum hydroxide gel compared
with Montanide gel Clostridium perfringens type A vaccines
measured by ELISA. Aluminum hydroxide gel (blue)and
Montanide gel (orange).



Mean antibody titer of the prepared vaccines by SNT

Fig. 2: Mean antibody titer of aluminum hydroxide gel compared
with Montanide gel Clostridium perfringens type A vaccines
measured by serum neutralization test (SNT). Aluminum
hydroxide gel (blue) and Montanide gel (orange).

DISCUSSION

The rabbit industry has been developed to face the
human requirement for protein with great attention to the
important reason for economic losses like enterotoxaemia
(Finzi and Amici 1991). Enteritis was a common disease
in rabbits with clinical signs such as diarrhea,
enterotoxemia, and death. Clostridium perfringens is an
anaerobic bacterium that is characterized by forming
spores and causing an acute disease named
enterotoxaemia (Rosskopf-Streicher et al. 2004). It is
classified into seven types (A, B, C, D, and E) depending
on the production of four major toxins (alpha, beta,
epsilon, and iota) (El-Jakee et al., 2013). Clostridium
perfringens is a virulent bacterium, and its pathogenicity
refers to releasing a potent toxin that has a great role in
inducing enteric diseases in domestic animals with a high
significant mortality rate in rabbits (Romero et al. 2011).

Vaccination is one of the most striking health
achievements of animal history. The availability of an
effective Clostridium perfringens vaccine could improve
profitability for the rabbit’s producers. The vaccine efficacy
is determined by the availability of both antigen and
adjuvants for induction immune response effectively
(Facciola et al. 2022). The adjuvant is a substance that plays
an important role in enhancing immune responses against a
vaccine (He et al. 2015). Many adjuvants are available now
in vaccine production as aluminum hydroxide gel, and
Montanide gel (Nooraei et al. 2023; Verma et al. 2023). The
aluminum hydroxide adjuvants used in humans for many
years as a result of its safety (Laera et al. 2023). Aluminum
hydroxide stimulates the production of cytokines which is
responsible for T cell activation (Ulanova et al. 2001).
Brucella abortus S19 aluminum hydroxide gel adjuvanted
vaccine exhibited high protective potency greater than
standard S19 vaccine (Jain et al. 2015). Aluminum
hydroxide adjuvanted vaccines are beneficial for vaccine
manufacturing (He et al. 2015). Montanide is a new ready-
to-use adjuvant which induces long-lasting responses in
animals (Khorasani et al. 2016). Inactivated Rift Valley
fever vaccine adjuvanted with Montanide gel 01™ Gel
induced protective antibody titers in sheep after seven days
of primary inoculation, which lasted for 13 months (Abd El
Rahman et al. 2020). Also, Hamdi et al. (2020) and Wolff
et al. (2021) published data on the evaluation of an
inactivated lumpy skin disease vaccine in cattle using
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Montanide adjuvant from Seppic (A company supplies
specialty chemical products for health and wellbeing) as a
vaccine delivery system that showed Montanide gel gives
high immune response with long duration.

This study is designed to evaluate the potency of both
prepared vaccines with Montanide gel and aluminum
hydroxide gel vaccines for the control of enterotoxaemia
and bloat diseases in weaned rabbits. The quality control of
the prepared vaccine was conducted according to the
British Pharmacopeia Commission (2007). No evidence of
local side effects among rabbits vaccinated with the
prepared toxoid was observed. The antibody titer against
alpha toxin was measured by ELISA and SNT. It is clear
that rabbits vaccinated with Montanide gel 01 ™ showed
an increase in antibody titers than that vaccinated with
aluminum hydroxide gel. The mean antibody titers of both
vaccinated groups increased after vaccination and then
decreased gradually till they reached to the non-protective
level (less than 0.51U) (Enany et al. 2014) after seven
months in rabbits vaccinated with aluminum hydroxide gel
vaccine group (G1), while reached to ten months in rabbits
vaccinated with Montanide gel vaccine group (G2). The
results showed that the Montanide gel 01 ™ gave a high
prolonged immunity with a safe profile in comparison with
aluminum hydroxide gel and this finding agreed with the
results of the challenge test and the results of Abul Magd et
al. (2014) who concluded that the Montanide gel vaccine
gave longer and higher immunity in sheep than aluminum
hydroxide gel in Rift valley fever vaccine. Abd EI Rahman
et al. (2020) concluded that Montanide gel 01™ induces a
high antibody titration which indicates that it gives long
duration of immunity and recommends that it will be useful
in vaccine production to enhance high immunity. Guzman
et al. (2021) concluded that Montanide gel 01 ™ was a
powerful adjuvant and safer for manufacturing dog
vaccines in comparison with oily Montanide ™ ISA 50.

Conclusion

This study concluded that the immune response of
Montanide gel 01 ™ was safe, prolonged immunity, and a
higher protection rate with no post-vaccination reaction
than the immune response of the aluminum hydroxide gel
vaccine. It could be suggested that the convenience of using
Montanide gel 01™ in the vaccination of sensitive animals
like rabbits as it was safe and gave significant immunity
with high protection.
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