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ABSTRACT

Background: Infectious diseases such as peste des petits ruminants (PPRs), contagious caprine pleuropneumonia
(CCPP), sheep and goat pox (SGPX), and pasteurellosis have considerable impacts on the optimal utilization of sheep
and goat resources in Ethiopia. Immunization using multiple vaccines administered simultaneously has been suggested
as a cost-effective and safe approach to controlling and preventing these diseases.

Aim: The aim of this study was to assess the immunogenicity and safety of multiple vaccines administered
simultaneously in goats.

Methods: Sero-negative PPR, CCPP, SGPX, and Pasteurellosis goats were immunized with multiple vaccines. Goats
vaccinated with a single vaccine against each disease served as a positive control. The immune response of the goats
was assessed using serological tests, and any adverse effects were monitored.

Results: The results of the present study showed that goats vaccinated with multiple vaccines exhibited a remarkable
immune response against PPR, CCPP, and pasteurellosis. In contrast, they did not produce a protective immune
response against sheep or goat pox. No adverse effects were observed with any of the vaccines.

Conclusion: This study suggested that combined vaccines can be effective at inducing a protective immune response

in goats. However, further research is needed to fully understand the immune response to combined vaccines.
Keywords: Immunogenicity, Safety, Goats, Multiple vaccines, Ethiopia.

Introduction

Infectious diseases in goats are important constraints to
their health and productivity. They can cause significant
economic losses to farmers through reduced milk and
meat production, increased mortality, and treatment
costs. Proper management practices such as the use
of vaccination are important for preventing the spread
of infectious diseases in goat populations. Prevention
and control of infectious diseases in goats are essential
for maintaining the health and productivity of goat
populations to achieve food security. Peste des petit
ruminants (PPRs), contagious caprine pleuropneumonia
(CCPP), sheep and goat pox (SGPX), and pasteurellosis
are among the major infectious diseases of goats
worldwide.

Vaccination is an effective and feasible intervention for
the control of infectious diseases. Vaccinating goats can
reduce the incidence and severity of infectious diseases

and the spread of the disease within and between herds.
In addition, vaccination is often more cost effective
than treating infected animals or dealing with the
economic losses associated with disease outbreaks
(Tizard, 2020). Vaccines are designed to fight diseases
by introducing whole pathogens or portions of proteins
called antigens into the body. These antigens stimulate
different cells in the immune system, including
macrophages, T cells, and B cells. When antigens
enter the body, macrophages ingest and digest them
into antigen fragments. These fragments are carried
to the surface of cells by a molecule called the major
histocompatibility complex, where they are recognized
by T cells (Janeway, 2001). T cells then stimulate B
cells to produce antibodies against antigens, which
activate other immune defenses.

The use of multivalent vaccines has long been common
in human medicine. A single-injection formulation
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containing vaccines against diphtheria, tetanus,
whooping cough, polio, and Haemophilus b meningitis
has been used in children (Liu B et al., 2022). Similarly,
it has been used in pet practice, such as for puppy
vaccines that contain several viruses and leptospira in one
product. The combination of vaccines is also common
in cattle (neonatal diarrhea and bovine respiratory
disease) (Martinod, 1996). Combined vaccines should
have protective efficacy comparable to that of individual
vaccines (Offit et al., 2002). Combining vaccines can
have significant economic advantages, as it reduces the
holding time of animals and vaccination time intervals,
minimizing labor and management costs. In addition, it
reduces stress on animals during vaccination time and
may shorten the vaccination schedule.

Despite several advantages, the use of combinations
of vaccines has been reported to cause fever and some
compromised immune responses due to undesirable
interference among different antigens, although most
such reactions are temporary and do not cause any long-
lasting damage (Glanz ef al., 2018). Hence, the use of
combined vaccines or concurrent administration of
different vaccines requires investigation for compatibility
and effectiveness. Luna Export Abattoir and the National
Veterinary Institute (NVI) conducted an experimental
study to evaluate the immune effects of four common
vaccines (PPR, CCPP, SGPX, and Pasteurellosis)
simultaneously administered to goats. This study aimed
to assess the safety and immune response of goats
immunized with all four vaccines at once. The results of
this study provide insights into the safety and efficacy of
multiple vaccines and may inform the development of
more effective vaccination strategies for small ruminants.

Materials and Methods

Study animals
A total of 100 approximately 6-month-old male
indigenous goats were screened for PPR, CCPP, SGPX,

and pasteurellosis at the Luna Export Abattoir. The
goats that tested negative were used for vaccination in
this experiment. The animals were randomly assigned
to 12 groups: 11 of the groups contained § animals
each, while one group had 12 goats. The details of
the experimental layout are indicated in Table 1. The
study involved the administration of different vaccines
to different groups of goats, with some groups (groups
2-5) receiving individual vaccines and others (groups
6-12) receiving combinations of two or more vaccines.
Preparation of vaccines and immunization of the goats
In this study, vaccines produced against CCPP, PPR,
SGPX, and pasteurellosis at the NVI, Ethiopia, were
used. The CCPP vaccine was an inactivated vaccine
produced from Kenyan F, 38 strains of Mycoplasma
capricolum  subspecies  capripneumoniae.  One
milliliter of the vaccine contained 10° CFU of
inactivated formalin that was supplemented with 0.3%
saponin. The protein content in each field dose of the
vaccine was 0.15 mg/ml. The vaccine used against
Pasteurellosis Pasteurella multocida serotype A was
formalin-killed and precipitated with 1% aluminum
potassium sulfate at a concentration of 1 x 10° CFU/ml.
The PPR vaccine used was a live attenuated lyophilized
strain produced on VERO cells from the Nigerian strain
of the PPR virus, which was designated 75/1. The field
dose of the vaccine contained 2.5 TCID,, viruses/ml.
The vaccine used against SGPX was a live attenuated
strain produced from the Kenyan SGPX strain (0180)
of Capripoxvirus. The vaccine was manufactured on
VERO cells, and each field dose contained 2.5 TCID,
viruses/ml.

The vaccines were administered to each animal
following the manufacturer’s instructions. The
experimental animals were monitored daily for any
evidence of adverse reactions. Clinical examination of
the animals was performed daily throughout the study
period, while the rectal temperature of each animal

Table 1. Experimental allocation of study animals and immunization protocol.

Group Vaccines used No of animals Dose and route
Group 1 Unvaccinated control 8 No
Group 2 PPR 8 1 ml/SC
Group 3 CCPP 8 1 ml/SC
Group 4 SGPX 8 1 ml/SC
Group 5 Pasteurellosis 8 1 ml/SC
Group 6 PPR and CCPP 8 1 ml each/SC
Group 7 PPR and SGPX 8 1 ml each/SC
Group 8 PPR and Pasteurellosis 8 1 ml each/SC
Group 9 PPR, CCPP and SGPX 8 1 ml each/SC
Group10 PPR, CCPP, Pasteurellisis 8 1 ml each/SC
Group 11 CCPP, SGPX, Pasteurellosis 8 1 ml each/SC
Group 12 PPR, CCPP, SGPX, Pasteurellosis 12 1 ml each/SC
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was recorded daily for 1 week. Blood samples were
collected from the goats immediately before and 7, 14,
21, and 35 days after vaccination. The animals were
observed for 6 weeks after vaccination.

Laboratory test methods

The antibody response to the PPR vaccine was
measured using a competitive ELISA kit (Idivet, ID
Screen® PPR competition, France) according to the
manufacturer’s instructions. Briefly, the samples and
controls were added to the ELISA wells. Next, the micro
wells were filled with an anti-NP-peroxidase conjugate
and incubated. After incubation, the micro wells were
washed with a wash solution to remove any unbound
conjugate. Then, a substrate solution was added, and
a stop solution was added to each well to stop further
reactions. The optical densities were measured with
an EL x 800 BIOTIC ELISA Reader on a microplate
photometer at a wavelength of 450 nm.

The level of antibody response to the SPGX vaccine
was measured using an indirect ELISA kit (IDvet, ID
screen® Capripox Double Antigen Multispecies Kit,
France) according to the manufacturer’s protocol.
Briefly, the wells were coated with purified CPV antigen.
Samples were to be tested and controls were added to
the micro wells. If present, anti-CPV antibodies form
an antibody-antigen complex yielding blue coloration
after the addition of conjugates and substrate. A stop
solution was added, and the absorbance at 450 nm was
measured on a microplate reader.

Antibody production against the Pasteurellosis vaccine
was measured by an indirect haemaglutinattion (IHA)
test according to the SOP developed at the NVI,
Ethiopia. Ninety microliters of PBS were dispensed
into the wells in the first row of the V-shaped
microplate, and 50 pl of PBS containing sensitized
RBCs was added to the remaining wells, including
the negative and positive controls. Ten microliters
of serum were added to the wells in the first row to
obtain a 1:10 dilution. After pipetting and mixing, 50
pl was transferred serially to the next wells, and the
last 50 pl was discarded. The plate was covered with a
microplate, sealed, and incubated at 37°C with constant
agitation for 1 hour. The IHAT antibody titers of all the
samples were recorded in comparison with those of the
positive and negative controls. Positive results were
taken if the antibody titer was greater than 1:10.

The immune response of goats to the CCPP vaccine
was measured using a M. capricolum subspecies
capripneumoniae antibody test kit (IDEXX CCPP,
the Netherlands) following the manufacturer’s
instructions. A percentage inhibition greater than
55% was considered positive for CCPP. The wells
of a microtiter plate were coated with inactivated M.
capricolum subsp. capripneumoniae antigens and
incubated. The diluted serum samples were added to
the coated wells and incubated. The plate was washed
to remove any unbound serum proteins, the conjugates
were added, and the plate was incubated. The plate

was washed again to remove any unbound conjugate,
and the substrate was added and incubated. Finally, a
stopping solution was added to the wells, and the OD
was recorded.

Ethical approval

The experiment was performed in accordance with the
international guidelines for animal experiments. All
goats in the study received all the necessary veterinary
care and accepted animal welfare regulations. The
ethical handling of the experimental animals was
reviewed by the Animal Research Ethical Review
Committee of Addis Ababa University, College of
Veterinary Medicine and Agriculture with ethical
reference number VM/ERC/08/02/16/2023).

Results

Clinical follow-up and examination did not reveal
any adverse post-vaccinal reactions in the immunized
animals. Similarly, the daily rectal temperature of the
experimental animals was within the normal range
(between 37°C and 39°C). The mean daily temperature
of the experimental animals is depicted in Figure 1.
This study investigated the immune response of goats to
individual vaccines and concurrent immunizations with
different combinations of four vaccines. Figure 2 shows
that goats vaccinated with the CCPP vaccine alone
had a similar immune response to those concurrently
vaccinated with CCPP and one or more of the other
vaccines. Similarly, the seroconversion rates of goats
vaccinated with the PPR vaccine alone and four of
the groups vaccinated with different combinations of
CCPP, SGPX, and Pasteurellosis along with the PPR
were similar (Fig. 3).

The immune response to the Pasteurellosis vaccine was
not affected when it was administered concurrently
with one or more of the other three vaccines, as shown
by similar seroconversion rates in all vaccinated groups
against pasteurellosis (Fig. 4). However, in the case
of the immune response to the SGPX vaccine, the
groups vaccinated with the SGPX vaccine alone or
with the other vaccines did not show seroconversion
to SGPX (Fig. 5). Except for the immune response to
the SGPX vaccine, seroconversion to the other three
vaccines given either alone or concurrently with the
other vaccines was greater than that in the unvaccinated
control group.

Discussion

The prevention and control of infectious diseases are
very important for the optimal use of goats. Vaccine
use is an effective and safer mechanism for preventing
and controlling infectious diseases. Many vaccines
are available against several infectious diseases in
goats. However, the cost of vaccines and vaccination
must be economically feasible (OIE and FAO, 2015).
Therefore, the choice of vaccines or the type of
vaccine formulation for goats is important because
they are the most significant livestock species in many
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Fig. 1. The mean daily rectal temperature of goats immunized with a single vaccine or a combination of vaccines.
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Fig. 2. The antibody response against the CCPP vaccine in animals immunized with CCPP alone, CCPP and PPR, CCPP and
pasteurellosis, CCPP, and SPGX vaccines, and all four vaccines simultaneously. The presence of the antibody was detected using
a competitive ELISA kit. As shown in the graph, the antibody level began to increase after day 14 of vaccination and remained so
high except for the group vaccinated with CCPP and Pasteurellosis, in which the antibody level declined after day 28 of vaccination.

countries, especially in less developed or arid regions.
PPR, SGPX, pasteurellosis, and CCPP are common
infectious diseases that affect small ruminants in
Africa, the Middle East, and Asia. These diseases have
a significant economic impact on these regions due to
clinical manifestations and trade restrictions (Zhang et
al., 2021). Vaccination is considered the most feasible
strategy to reduce their economic impact and prevent
their spread (OIE and FAO, 2015).

However, vaccination schedules for PPR, CCPP, SGPX,
and Pasteurellosis usually do not coincide and are
mostly administered at different times. Therefore, the
synchronization of vaccination schedules is desired to
reduce the cost of maintaining animals and vaccination.
As these diseases are trans-boundary in nature, they are
a major concern for most countries (Osama, 2010).
PPR, SGPX, and CCPP are of particular global concern.
The implementation of the Global Eradication Program
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Fig. 3. The antibody response against the PPR vaccine in experimental animals immunized with the PPR vaccine alone, the PPR
and CCPP vaccines, the PPR and Pasteurellosis vaccines, the PPR and SPGX vaccines, and all four vaccines simultaneously. The
ELISA results showed that a markedly greater antibody response was observed in animals vaccinated with various combinations
of antibiotics. Interestingly, animals vaccinated with four vaccines simultaneously produced antibodies similar to those vaccinated
with a single PPR vaccine and those vaccinated with combinations of two other vaccines.
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Fig. 4. The HI antibody titer in response to the Pasteurellosis vaccine in experimental animals immunized with the Pasteurellosis
vaccine alone, Pasteurellosis and PPR, Pasteurellosis and CCPP, Pasteurellosis and SPGX, or all four vaccines simultancously. A
greater antibody response was observed in animals vaccinated with four vaccines simultaneously and in a group vaccine with a
combination of Pasteurellosis and CCPP, which remained higher after day 35 of vaccination.

with the involvement of international organizations
targeting ultimate eradication is considered an effective
strategy (FAO, 2014). In this study, the simultaneous
administration of vaccines against infectious diseases
in goats revealed good immunogenicity that is
comparable to the immune response when goats are
vaccinated with individual vaccines. This reduces the
labor, time, and financial costs required for vaccination
and should be taken into account by livestock and
veterinary authorities.

Concurrent administration of the four vaccines
did not cause any adverse reactions during post-

vaccination clinical follow-up, indicating that there
is no safety concern in using a combined formulation
of such vaccines. The results of the antibody assay
showed that the immune response (seroconversion)
was good against PPR, CCPP, and pasteurellosis.
Animals vaccinated with bivalent, trivalent, or
tetravalent vaccines exhibited immune responses
comparable to those induced by monovalent
vaccines. This indicated that concurrent vaccination
with the four vaccines at any possible combination
did not affect the immune response to PPR, CCPP,
or pasteurellosis.
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Fig. 5. The antibody response to the SPGX vaccine in animals immunized with the SPGX only, the SPGX and PPR,
the SPGX and CCPP, the SPGX and Pasteurellosis, and all four vaccines administered simultaneously was assayed
using an indirect ELISA kit. In all the experimental groups, a low level of antibody response to the SPGX vaccine was

observed.

There is limited data available on the immune response
to combined vaccines in goats. However, some studies
have been conducted on this topic, and the available
information is summarized. A combined PPR/SGPX
vaccine has been used in a vaccination campaign to
control both diseases in small ruminants in Morocco,
showing the potential of using a combined vaccine of
PPR and SGPX as an economic vaccination strategy
(Fakriet al., 2015). A similar study was also conducted
in Ethiopia (Ayelet et al., 2012), revealing good
antibody response and protection against challenge
infection for both the PPR and the SPGX. In this study,
the concurrent administration of four vaccines (PPR,
CCPP, SGPX, and pasteurellosis) to goats was evaluated
to assess the immune response to each vaccine and the
safety of the concurrent vaccination regime.
Consistent with our observations, Chaudhary and
colleagues (2009) demonstrated that combined sheep
pox and PPR vaccines were safe and potent, as
evidenced by seroconversion and challenge studies
in sheep. Similar observations were also reported by
Hosamani et al. (2006), who demonstrated the safety
and protective immune response in goats vaccinated
with combined PPR and goat pox vaccines. The effect
of the vaccine was evident in sero-conversion and
challenge studies. A study published by Sun (2009)
evaluated the immune response to a combined vaccine
against P multocida and Mannheimia hemolytica in
sheep. The study revealed that the vaccine induced a
strong humoral immune response, as evidenced by high
levels of serum antibodies.

Previous studies also revealed that a good level of
antibody and protection was produced in cattle vaccinated
for combined foot and mouth disease and hemorrhagic
septicaemia (Muenthaisong et al., 2021). Completely

safe and highly neutralizing antibody production was
reported following the immunization of cattle with
combined vaccines against lumpy skin disease and blue
tongue disease, with complete protection against viremia
after infection challenge (El-Sadeqyet al., 2021). A study
published by Katsuhisa and colleague (2019) evaluated
the immune response to a combined vaccine against P,
multocida, Mannheimia hemolytica, and Haemophilus
nomnui in cattle, revealing the induction of a strong
immune response, as evidenced by increased antibody
titers and a decreased incidence of respiratory disease.
Another study published by Trotta et al. (2015) showed
that simultaneous application of a Bacillus anthracis
vaccine with a commercial tetravalent oil-based FMD
vaccine in cattle elicited similar antibody titers to those
of individual vaccines.

In contrast, there was no immune response to SGPX
when it was administered concurrently with the
other three vaccines. It is unclear why the group
vaccinated with SGPX and other vaccines did not show
seroconversion to SGPX immunization. However, there
could be several possible reasons for this observation.
One possibility is the occurrence of immunological
interference, where the presence of one vaccine may
inhibit the immune response to another vaccine.
Alternatively, the other vaccines given concurrently
with SGPX may have stimulated the immune system
in a way that suppressed the immune response to
SGPX (Jatana and Nair, 2007). Another possibility is
that the SGPx vaccine was not effective at inducing
an immune response in goats, either due to issues with
the vaccine formulation or administration. Therefore,
further studies may be needed to better understand
the reasons behind the lack of seroconversion after
SGPX immunization in the group vaccinated with
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SGPX and other vaccines. The absence of an immune
response to the monovalent SPGX vaccine may be
because some animals are subclinically infected but
appear seronegative on day 0, which may subsequently
interfere with the immune response to the vaccine. In
addition, Sareyylipoglu and colleague (2022) reported
a decreased immune response to a combined vaccine
against foot-and-mouth disease, the PPR, SGPX, and
bluetongue virus in sheep due to interference.

In conclusion, the present study demonstrated that the
concurrent administration of the PPR, CCPP, SGPX,
and Pasteurellosis vaccines to goats did not result in
adverse reactions and did not interfere with the immune
response against each vaccine. This study suggested
that combined vaccines can be effective in inducing a
protective immune response in goats. However, further
research is needed to fully understand the immune
response to combined vaccines.

Limitations of the study

This study had several limitations, including the use of
few experimental animals and the lack of consideration
of subclinical infections. Nevertheless, the findings
of this study provide vital preliminary information
for the potential development of combined vaccines
comprising antigens against PPR, CCPP, SGPX, and
pasteurellosis. Such vaccines would confer immense
economic advantages for ranches, which are expected
to contain large numbers of herds.
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