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Abstract

Capripoxvirus-induced diseases are commonly described as the most serious poxvirus diseases of production animals, as

they have a significant impact on national and global economies. Therefore, they are classified as notifiable infectious diseases
to the World Organization for Animal Health (WOAH) which need to be immediately declared due to their considerable
and substantial economic impact in endemic regions. Prevention and control of capripoxvirus infections is mainly based on
vaccination of susceptible animals. As the 3 capripoxvirus share major neutralization sites, cross-immunity has been reported.
A variety of live attenuated and inactivated vaccines have been used for the control of capripoxvirus. In this review, we report
safety and efficacy results on animals for different vaccines used against capripoxvirus. We focus precisely on capripoxvirus
diseases, namely sheep pox, goat pox, and lumpy skin disease which have a high potential for infection, causing damage to
small ruminants and cattle, economic loss due to trade restrictions, limitations on animal movement and implementation of

vaccination campaigns.

Keywords: Animal testing; Capripoxvirus; Efficacy; Potency;
Safety; Vaccine

Introduction

Vaccination is the most effective tool for the prevention and
eradication of a wide range of infectious diseases [1]. Veterinary
vaccines cannot only be used to protect animal health, but also
to protect human health from zoonotic infections through animal
vaccination, as exemplified by the vaccination of wildlife against
rabies [2,3]. The field of vaccinology has yielded several effective
vaccines that have significantly reduced the impact of some
important diseases [4]. Vaccination has been instrumental in the
world, such as eradication of smallpox disease in humans and
rinderpest in cattle [5,6]. Following the dramatic outbreak of foot-
and-mouth disease in the United Kingdom in 2001, and to a lesser
extend in France and in The Netherlands, the European Union

lightened its regulation and is nowadays more prone to consider
emergency vaccination as an alternative to slaughtering [7,8]. It
is estimated that veterinary vaccines are available for more than
400 diseases affecting mammals, birds and fish, including farm
animals, pets and wildlife [9]. However, the development of
veterinary vaccines is a challenging task, in part, due to a variety of
pathogens, hosts, and the uniqueness of host-susceptibility to each
pathogen, in addition to the animal testing and associated costs
which is required for vaccines control [6].

Veterinary vaccines, like those produced for human use,
are authorized according to high standards of quality, safety
and efficacy [10]. Only animal trials are applicable to control
the safety and efficacy of veterinary vaccines. The control of
vaccines is regulated by monographs and guidelines, published
by international pharmacopoeias and organizations (e.g. World
Organization for Animal Health, European Medicines Agency),
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to ensure the quality, safety and efficacy of the product. Animal
testing is mandatory, but it is not easy to apply.

Special care should be taken in animal studies to ensure animal
welfare [11,12]. Housing and husbandry should be appropriate for
the purpose of the study and comply with local animal welfare
regulations [13]. Euthanasia and necropsy of moribund animals
is recommended [14]. Animal testing provides variable data with
high rates of invalid testing, which increases the number of animals
required and leads to repeated testing and animal suffering [15].
For this reason, the ethical guideline for animal experimentation
is based on the principle of the 3Rs (replace, reduce, and refine).
Animal testing is performed when no other suitable technique
or method is available (replace), with a minimum number of
animals (reduce) with less intensive methods (refine) [16,17].
The cost of animal testing is high due to the conditions and the
difficulty of maintaining sufficient numbers of animals for several
months. Although the 3Rs-concept has been widely accepted as
a fundamental principle, the number of approved alternatives
for in vivo testing is still limited [18]. In this review, we report
on different methods used to control safety and potency testing
in animals for vaccines against Capripoxvirus (CaPV). We have
focused on Lumpy Skin Disease (LSD), Sheeppox (SPP) and Goat
Pox (GTP), as they are commonly described as the most serious
pox diseases of cattle, sheep and goats respectively, causing in
endemic areas significant economic losses to the livestock industry
[19,20].

Safety Control

Vaccine safety is of major importance to animal health and
welfare. Safety must fundamentally determine that the benefits
of the product outweigh any potential risks, not only to the
target species being vaccinated, but also to the vaccine user, the
environment, and the consumer in the case of animals from which
food is derived [10]. CaPV vaccines must be safe for use in all ages,
both sexes, and all breeds and species (WOAH Terrestrial Manual,
2021b). An ideal vaccine should be safe and not cause clinical
disease or spread to unvaccinated animals. In addition, the vaccine
should be inexpensive and thermostable [21-24]. Safety control is
mandatory and follows the standards and norms recommended for
vaccines in general. Safety monitoring is performed 4 hours after
vaccination and daily during 14 days post vaccination (dpv) [25].
Therefore, body temperature is measured daily starting at-3 dpv. In
addition, the injection sites are examined for adverse reactions. The
local skin reaction at the vaccination site should be accepted, as it
indicates that the vaccine virus is replicating and thus producing
a good humoral and cell-mediated immunity in the vaccinated
animals [26]. Live attenuated vaccines can be very effective
because they induce both cellular and humoral immune responses
[27], [28]. However, a major concern that is associated with the
potential risk of reversion [29]. Inactivated vaccines are safer, but

may be less effective than attenuated vaccines [4]. Adverse effects
derived from vaccination should be minimally acceptable [6].

Live Attenuated Vaccines Against LSD

There are five vaccine strains available to control LSD: two
from cattle (Neethling and SGPV Kenya), two from sheep (RM65
and Romania) and one from goats (Gorgan) [30-35]. Previously, the
Romanian strain of the SPP vaccine was used to control the LSD
outbreak in Egypt. However, heterologous vaccines are sometimes
associated with local severe reactions in exotic cattle [36,37].
Therefore, homologous vaccine with Neethling strain of LSDV is
now being widely used in cattle for protection against LSD [38].
Field experience with the use of LSD homologous vaccines has
shown that vaccines cause side effects only when used for the first
time. These can include temporary reduction in milk yield, risk
of contamination by adventitious agents, local skin reaction at the
vaccination site or generalized small size skin nodules referred
to as “Neethling disease” [39-46]. Booster vaccination does not
cause adverse reactions, even if the initial vaccine used was a
heterologous vaccine [40].

The safety one dose and overdose (10x) of MEVAC vaccine
(Neethling strain) was evaluated in different categories of animals.
Other major physiological parameters such as rumination index,
health index and milk yield were automatically monitored by
specialized cow health management software [47-49]. Field
studies conducted in Egypt and Vietnam confirmed the laboratory
results, the vaccine was well tolerated by vaccinated animals with
no or insignificant skin reactions and no change in health indices
and milk yield. Abortion was reported in 0.3% of pregnant animals
at 2-9 dpv, skin swelling in 0.6%, and local hyperreaction in 1.9%
[49]. The administration of live attenuated LSD vaccines is not
recommended in countries previously free of the disease or in the
late stages of the disease, as their use compromises the “CaPV
virus-free” status of the respective country [50].

LSD Inactivated Vaccines

The inactivated vaccines are completely safe because they
consist only of dead pathogens [5]. Their non-replicative properties
prevent transmission of the vaccine virus to cohabiting animals,
reversion to virulence and assortment with virulent field strains
[50,51]. To our knowledge, only two recent publications have
reported the use of two inactivated vaccines against LSD in cattle.
Hamdi et al. (2020), tested an inactivated LSD vaccine (Neethling
strain) in cattle and it was safe and did not cause any adverse
reaction. In addition, a field study in 181 cattle from 4 dairy farms
in different regions of Bulgaria confirmed the safety of the vaccine
[50]. The findings of Hamdi et al. (2020) were validated in a study
by Wolff et al. 2021, where they confirmed that an inactivated
vaccine against LSD did not induce any local adverse effects or
fever and is therefore safe for administration in cattle [52].
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Live Attenuated Vaccines Against SPP

Several locally produced SPP vaccines are available,
particularly in the Indian subcontinent. Perego, Bakirkoy, Algerian,
SGPV, Kenyan, Karnal, Pendik, RM/65, SPV/RH, Mathura SP8,
Jaipur, Ranipet, Hyderabad, Mauritanian, Roumanian-Fanar,
Kazakhstan, Chitinsk, Mongolian and Niski strains vaccines
have been used with variable success. Indigenous strains are the
right choice for control and eradication of the disease in endemic
countries [53]. Live SPP vaccines have been shown to be safe in
pregnant ewes and result in normal lambing. There was no virus
shedding from the vaccinated ewes [53]. Following vaccination,
live SPP vaccined animals showed a transient rise in temperature
and produced local inflammation at the site of vaccination
indicating the viability of the vaccine virus. Slight rise in body
temperature is a physiological phenomenon and is triggered by any
antigen. The potential to cause severe local reactions is considered
one of the disadvantages of using live poxviruses [54]. However,
there is no correlation between the formation or size of the reaction
and protective immunity [55,56]. The side effects caused by SPP
vaccine in naive calves are rarely seen compared to those caused
by attenuated LSD vaccines. However, it has been shown that
administration of a high dose of SPPV RM65 vaccine can cause
typical vaccine side effects, such as generalized skin lesions in
cattle [26].

SPP Inactivated Vaccines

An inactivated vaccine and a live attenuated Romanian SPP
vaccine were compared for safety and efficacy [51]. The developed
inactivated SPP vaccine was safer in vaccinated animals than the
live attenuated vaccine. No increase in body temperature and no
clinical signs with transient local inflammation were observed in a
few vaccinated animals [51]. Another inactivated vaccine based on
a local Egyptian strain was tested for safety and efficacy in lambs.
The vaccine was found to be safe with no adverse reactions in
vaccinated lambs [57].

Live Attenuated Vaccines Against GTP

A GTP vaccine using an indigenous strain (Uttarkashi/78)
has been developed and commercialized in India. The vaccine
was safe in both experimental and field trials. Vaccinated animals

present a small skin reaction at the injection site with a slight rise in
body temperature but, no adverse reaction even at the highest dose,
and no horizontal transmission from the immunized to in-contact
animals was observed. However, the vaccine is not recommended
for use in pregnant animals as a precautionary measure [58]. Live
and inactivated GTP vaccines were compared and tested for safety
and efficacy in goats. The results showed that both vaccines were
safe [59]. In Iran, live attenuated GTP vaccines are routinely used
(Gorgan strain). The susceptibility of three pure breeds (Saanen,
Alpine, and Murcia-Granada) and two hybrid breeds (Saanen-
Mahabadi and Alpine-Mahabadi) vaccinated with live attenuated
GTP vaccine was compared [60]. Pure Saanen goats were the
most affected with 89.9% morbidity and 27% mortality. Only pure
Saanen and Alpine breeds showed reactions to the GTP vaccine
at 3 to 4 weeks pv. The Saanen were much more responsive to
the GTP vaccine than the Alpine breed. This sensitivity to live
GTP vaccines suggests that safer vaccines should be used in some
breeds [60]. It is necessary to use the inactivated GTP vaccine in
these pure imported animals.

Safety in Laboratory Animals

Safety testing of CaPV vaccines is performed on the target
species. There is no alternative method in laboratory animals.
Non-specific safety or residual toxicity testing in laboratory
animals (mice and guinea pigs) is carried out for inactivated
vaccines to detect possible extraneous toxic contaminants from
the manufacturing process [61,62]. Animals were subcutaneously
vaccinated with the vaccine and clinically observed for 7 dpv.

Potency Control
Models of experimental infection

LSDV: Several models have been described in the literature to
evaluate the efficacy of vaccines against LSD [52,63]. In the first
experimental study reported in Table 1, only half of the infected
cattle developed clinical disease, although all of the infected
animals became viraemic [64-67]. In addition, silent infections
without skin lesions are known to occur in field outbreaks of
LSDV [68]. The presence of asymptomatic viraemic animals
capable of transmitting the virus via arthropod vectors complicates
the control and eradication of LSDV [24].
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o . .
Study N .Of Age Strain/ virus titer Volume/ Obse.:rva.tlon duration/ Clinical findings Reference
animals Route monitoring
60% of animals were clinically
sick with high fever, ocular
) and nasal discharge, enlarged
1-2 LSDV field isolate | month: body‘ . superficial lymph nodes,
1 5 N IV (2ml) | temperature, clinical . . . [32]
years 2x10° log TCID, /ml . circumscribed large swelling
50 signs and serology
at the site of inoculation, pox
lesions on the skin and nasal
and oral mucosa.
28 days : body
. temperature, clinical No fever and no generalized
) 6 9-10 SSCZEI::?;;E‘% IV (3ml) score, serological and skin lesions. 2 cattle showed [69]
months 107 TCID.. /ml SC (Iml) | molecular tests (EDTA | massive reactions at the site of
50 blood, serum, nasal and | SC inoculation.
oral swabs)
28 days : body 50% of inoculated calves
LSDV-Macedonia temperature, clinical developed severe clinical
6 9-10 2016 field strain IV (3ml) | score, serological and symptoms (fever and
months 10 TCID _/ml SC (Iml) | molecular tests (EDTA | generalized skin lesions) and
50 blood, serum, nasal and | high virus loads in collected
oral swabs) samples.
Animals with moderate
. to severe clinical signs.
12“(? 1])6\;{2;[;2?21011111121 Characteristic pox-like
46 10° CCID 3 weeks: clinical skin lesions, sporadic or
3 6 months | 10°C CID50 IV (6ml) | symptoms, viremia and | were generalized in some [70]
106 C CID50 viral shedding animals. Virus titer of 10° to
107 C CID50 10° CCID,/ , of “Macedonia
50 2016” provides a robust and
sufficient challenge model.
60% of the animals showed a
severe disease with generalized
. 3 weeks: body nodules over the whole body
5 5 4-6 ]i;eslg\i/séferligl(ll 065 IV (5ml) | temperature, clinical between 7 and 8 dpi, with [50]
months TCID. /100 ul) ID (Iml) | signs and viral DNAin | viremia and positive oral
50 # blood and oral swabs. swabs. Typical LSD lesions
were observed at necropsy and
confirmed positive by PCR
Two to three animals in each
of the four control groups
. 3 weeks: body developed typical LSDV skin
6 20 (Sper | 6 f%jlg\i/séf;?:l(ll 07 ig (Sml) temperature, clinical nodules with the onset between [63]
group) months TCID. /100 ml) (121ml) signs, serological 6 and 8 dpi. All animals
50 analysis and viremia developed fever and viremia
was detected only in animals
with nodules.
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28 days: body Fever, moderate to severe
. temperature, clinical clinical signs with clinical
LSDV-Macedonia P > -4l S1g
4-6 . IV (3ml) reaction score, reaction scores between 4
7 6 2016 field strain . . R [52]
months ] SC (Iml) | serological and and 10. High viremia in all
10’CCID, /ml . . ; .
50 molecular analysis animals. High viral genome
(nasal swabs) loads in swabs.
LSDV (LSD/ 2 weeks: Body Fever and severe LSD
4-6 ID (1 ml) - symptoms (swelling between
7 3 KN1/2020) temperature and clinical L [49]
months p neck . 3.5 and 5.0 cm in diameter at
5x10° TCID signs C
0 the injection site).

*IV: intravenous; SC: subcutaneous; CCID,: cell culture infectious dose,; TCID,, tissue culture infectious dose,;

Table 1: experimental studies reporting LSDV challenge model.

In the second experimental infection model using the protection index (PI) (Table 2), skin swelling at the viral injection site equal
to or greater than 0.5 cm in diameter was considered a positive reaction. The infectious titers for each animal and the group average were
calculated. If the difference between the challenge virus titers of the vaccinated and control groups was 0.75 or less, the animal was not
considered immune. If the difference was between 0.80 and 1.4, the animal was considered to have very low immunity. The difference
between 1.5 and 2.5 indicated moderate immunity, and a difference of 2.6 log or more indicated strong immunity [49,71,72].

o .
Study N .Of Age Strain/ virus titer Volume/ Obsen:vatlon Clinical findings Reference
animals Route duration
LSD Dermatitis 3 weeks: body Fever, enlarged superﬁcml lyrn.ph
temperature, nodes, swelling at the inoculation
nodulares/2016/ L . .
6-12 s ID (0.25ml), general clinical sites, skin nodules and pox
1 3 Atyraw/KZ” -field . . . . [73]
months strain 6.25 1o four replicates | reaction and skin lesions on the nasal and oral
TCID )ml 1 0‘% t0 10 reaction at the mucosa. The average viral titer
50 inoculation sites. was 5.9 log ID, /0.25 mL
3 weeks: body Edematous swelling at
. LSDV field isolate- temperature, inoculation sites, but replicates
2 2 ]c)(i}lvrsy 5x10°TCID,, ioDuEOr.elnllilc);tes clinical signs and | receiving the most diluted [49]
10" to 10+ p skin reactions at inoculate showed little to no
inoculation sites response.

Table 2: experimental studies reported the LSDV challenge model using the protection index.

In the third experimental model, calves were inoculated by two different routes, either by needle inoculation (IV + ID routes) or by
LSDV-positive blood-feeding arthropods (S. calcitrans and Ae. aegypti), a route which is more representative of virus transmission in the
field [67]. Following infection of calves by the IV and ID routes, 41% of needle-inoculated calves developed clinical disease characterized
by multifocal necrotic skin nodules and lymphadenopathy. In comparison, 80% of the arthropod-inoculated calves developed clinical
disease characterized by fever, swelling and necrosis at the inoculation sites, enlarged lymph nodes, and early viremia (3 dpi). A variable
LSDV-specific IFN-g immune response was detected in the needle-inoculated calves, with no difference between clinical calves and
non-clinical calves. In contrast, a robust and uniform cell-mediated immune response was detected in all clinical arthropod-inoculated
calves, with little response detected in the non-clinical arthropod-inoculated calves. Comparison of the production of anti-LSDV IgM
and IgG antibodies revealed no difference between clinical and non-clinical needle-inoculated calves, however a strong IgM response
was evident in the non-clinical arthropod-inoculated calves but absent in the clinical arthropod-inoculated calves [74].

SPP/ GTP

The most commonly used challenge model to infect small ruminants with SPPV or GTPV is virus titration by ID injection of serial
dilutions of the strain into the flank of animals (Table 3) [53,75-77]. The development of a hypersensitivity response after challenge is
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an indication of protection in vaccinated animals, and this response is attributed to cytotoxic T cells [78,79]. PI in vaccinated animals
ranging from 4.7 to 5.2 indicate complete and long-lasting protection in these species against SPPV and GTPV infections [80].

Species | Number | Age Virus Dose/route Obsel:vatlon Results Reference
duration
ID route in the 14 days: rectal
C flank of the .
3.6 Field isolate animals af ten temperature and Fever, local and general reactions.
Sheep 8 ) Msila, 10305+ o the development of Infectious titer: 5,43 £ 0,12 [81]
months | s fold dilutions . A
451D, /0,2 ml ’ - inflammation in each IDCC
50 (10" to 10°) (4 RS 50
. of the injection sites
sites)
Shee 4 3-4 Xifuu:ent SPV-R SC injection cl:ﬁriiZlS :Siterr?sp:Irlaéture, Hyperthermia, local reaction, and [82]
p months with 10*SID gns severe clinical signs of SPPV
0 general reactions
10*GID, /0.2
mL at the rate Fever, mucopurulent nasal
3 virulent field of 0.2 mL ID discharge, cough, cutaneous pock
Goats 3 months | virus GTPV on the ventral 14 days lesions at the inoculation site and [83]
aspect of the all over the body
tail.
8 dilutions
1-15 SPPV (Srin in triplicates Fever, progressed to characteristic
Sheep 3 ea.r 38/00 strain), inoculated ID at | 14 days SPPV lesions. The SRID, was [84]
Y 1053 SRID50/ml | 0.1 ml/site along 1065
the abdomen
ID route in the
. flank of the 14 days: rectal Fever, local reactions at the
virulent field animals at ten temperature, local injection sites. Typical SPPV skin
Sheep |2 6-8M | SPPV strain S @ remperature, . ! - YpIe . [85,86]
(HELD) fold dilutions inflammation reaction | nodules. The virus titers obtained
(10" to 10%) (5 and clinical signs. were 5.5 and 5.9 log10 1D, /ml
sites)
Virulent SPPV ID in the arf':a 14 days : rectal F e;yer, los:al reaction and typlcal
sheep 10 6-12M Py under the tail temperature and clinical signs of SPPV. Clinical [87]
10** TCID_ /ml . .
50 fold clinical signs. score of 15.2.
All inoculated goats displayed
clinical signs, including varying
. . 14 days: temperature degrees of hyperthermia, loss
virulent isolate 54 S N .
10°*TCID, per and clinical signs of appetite, inactivity, and skin
Goats 8 6M of GTPV 50 .. . . . [88]
. mL 0.5 ml SC based on clinical lesions. Some infected animals
(Vietnamese) . .
score. developed a severe disease, while
other goats exhibited moderate to
mild clinical signs.
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0.1ml ID per
Virulent GTPV | point (five sites
2x10° SRIC, % | on each site of
abdomen)

Goats 5 6-12M

14 days: rectal
temperature,
appearance of

local skin lesions,
generalized infection
and serological
analysis.

Fever, severe local skin reaction.
Generalized infection.

*GID: goats infective dose  CCID, = 50% cell culture infective dose  SID, = 50% skin infective dose

SRID50 = 50% skin reaction infective dose TCID,: 50% tissue culture infective dose

Table 3: experimental studies reported SPPV and GTPV challenge model.

Efficacy test

Efficacy testing is performed to ensure that vaccines induce
protective immunity after administration. Challenge studies with
virulent strains are the most accurate way to measure the protection.
Efficacy testing of live vaccines is mainly determined by in vivo
titration by vaccinating animals with a fixed dose and challenging
them with variable doses of a virulent strain. However, potency
testing of inactivated vaccines is often based on vaccination with
variable doses of vaccine and challenge with a fixed dose of virus,
as is done for foot-and-mouth disease vaccines to determine the
50% protective dose..gree of sequence conservation, and therefore
may cross-protect to a different degree than homologous virus,
allowing the hypothesis that there is a potential for using a single
vaccine to protect against all CaPV infections [90-92].

Vaccines Against LSD

The efficacy and immunogenicity of the homologous LSD
vaccine is known to be excellent, providing good protection of
cattle against virulent field strains [22,93-95]. The field efficacy
of the live attenuated vaccines was demonstrated between 2016
and 2017, when LSD outbreaks in southeastern Europe were
successfully eliminated by mass vaccination with homologous
Neethling strain vaccines [93]. Importantly, the efficacy of the
Neethling strain vaccines was experimentally evaluated in a
challenge study by the LSD reference laboratory in Sciensano,
Belgium [63]. The Neethling strain based vaccine was used in six
Balkan countries in 2016-2017, and the average percentage of its
effecacy was 79.8% (range=62.5-97%) [96]. Efficacy of Mevac
vaccine (Neethling strain) was evaluated using two different tests,
PI and challenge test. The PI obtained was > 2.5 log10, indicating
protection [49,72]. The challenge experiment was conducted in
Vietnam and animals were challenged 28 dpv (5x10° TCID,  ID).
Vaccinated calves were protected, and the PI value was 3.5 logl0
[49].The efficacy of the KS1 O-180 vaccine strain against natural
LSD infection under field conditions has been published. Over 60%
of the herd owners reported that the vaccine had a low efficacy in
protecting animals against clinical LSD with no adverse reactions.

The severity of the disease was significantly reduced in vaccinated
animals compared to unvaccinated animals [97]. In 2020, Hamdi
et al. and Wolff et al. published their results, demonstrating the
efficacy of the inactivated LSD Neethling vaccine compared to
live vaccine in cattle [50,52]. Complete clinical protection was
achieved with the inactivated vaccine with no viremia or viral
shedding, but low levels of viral DNA were found in skin samples
from a few animals with very high Ct values [50]. Wolff et al.
achieved only partial protection against LSDV. There were local
reactions at the site of virus inoculation and some animals showed
mild viremia and virus shedding in collected swabs [52]. The
results obtained confirm that control of LSDV with an inactivated
vaccine, similar to SPPV [57,98] and GTPV [59,99,100], may be
possible. However, there are publications claiming only a short
duration of protection after vaccination with inactivated CaPV
virus vaccines [50-52,101].

Vaccines against SPPV

A number of SPPV strains have been used with variable
success Perego, Bakirkoy, Algerian, SGPV, Kenyan, Karnal,
Pendik, RM/65, SPV/RH, Mathura SP8, Jaipur, Ranipet,
Hyderabad, Mauritanian, Roumanian-Fanar, Kazakhstan, Chitinsk
and Mongolian (USSR) and Niski [102]. The efficacy of live
attenuated SPV vaccine (Ranipet strain) was tested in lambs. The
vaccine was safe and effective in the field study and all animals
were protected against virulent challenge [82]. In the study by
Yogisharadhya et al. 2011, the efficacy and potency of two live
attenuated SPV vaccines (SPPV-Srinagar and SPPV-Romanian-
Fanar) were tested by challenge with PI. Vaccines were found to
be immunogenic and efficacious, with PI greater than log 10*°
and log 10*% for SPPV-Srin and SPPV-RF vaccines, respectively
[84]. The Romanian SPPV and the Yugoslavian RM65, are widely
used in endemic countries to protect sheep against the disease
[36,103,104]. The Romania SPP strain has also been used to
vaccinate goats with controversial results. Adapted SPV vaccine
(Kenyan strain) protects goats against virulent GPV [105,106].
In Saudi Arabia, Abuelzein et al. 2003 noted the occurrence of
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GTP disease in animals vaccinated with the local Romanian SPP
vaccine [107], while the same authors recommended vaccination
of goats with the same vaccine at 3 months of age with an annual
booster [108]. Rao et al. (2000) and Abdelfatah et al. (2018)
reported that the vaccine did not protect of goats against GTPV
[54,109]. Abdelfatah et al. 2019, observed that vaccination of
goats with Romania strain induced cell-mediated immunity with
a satisfactory PBMC and lymphocyte proliferation levels [110]. In
the study by Hamdi et al. 2020, sheep and goats vaccinated with
Romania SPPV vaccine were fully protected against challenge
with virulent SPPV and GTPV strains, respectively. However,
small ruminants vaccinated with LSDV Neethling vaccine
showed only partial protection against challenge with virulent
SPPV strain [86]. Attenuated SPPV vaccines, such as KSGP
0-240, Yugoslavian RM65 and Romanian SPPV strains, have
been used against LSDV [91,111]. The Saudi Arabians vaccinate
their cattle every six months with a dose ten times higher than
that used in sheep [111,112]. However, several studies reported
incomplete protection against LSD in cattle vaccinated with all
SPP vaccines [111,113-115]. In the study of Ayelet et al. 2013,
a field study showed that the Kenyan SPP vaccine strain used to
control LSD did not provide the expected protection. Out of a total
of 476 animals observed, 22.9% and 2.31% cattle were found sick
and dead due to LSD, respectively. This finding is in agreement
with the report from Egypt [116,117] and Israel [91] who reported
the occurrence of LSD outbreaks after vaccination of cattle with
SPP vaccine. Partial protection have been also recorded in cattle
vaccinated with Romania SPPV [86]. As an initial response to
the recent LSD outbreaks, Turkey, Georgia, and Azerbaijan have
used a Turkish Bakirkdy SPPV strain vaccine to vaccinate cattle
at doses three to ten times higher than those used in sheep [118].

In Kazakhstan, a local vaccine based on the Niskhi SPPV
strain was tested in cattle. The SPPV strain provided complete
protection for experimental calves with an average protection
index of 5.3 + 1.4 ID,/0.25 ml [71]. The elimination of LSD
using SPP vaccines was neither as complete nor as effective as
the success of the homologous vaccine in the Balkans [23]. The
study of Boumart and co-authors (2016), published the results of
their detailed study comparing the efficacy of a live attenuated
and an inactivated SPPV vaccine. After challenge infection, sheep
vaccinated with inactivated SPPV showed no clinical signs typical
of SPPV infection, excet for elevated body temperature for two
days and a hypersensitivity reaction at the inoculation site of
the challenge infection were observed. In addition, the PI of the
inactivated SPPV vaccine was comparable to that of the live vaccine
[51]. The results of the present study are consistent with other
studies, demonstrating the efficacy of inactivated SPP vaccines in
protecting sheep against challenge [57,82]. The inactivated SPV
vaccine using the local Egyptian strain of SPPV was safe and
inducing protection in vaccinated lambs after challenge with the

virulent SPPV at 6 months pv. Specific antibodies appeared from
the first week pv and remained until the 4th week post challenge
[57].

Vaccines against GTP

Live and inactivated GTP vaccines have been reported using
different strains of GTPV in goats [100,119,120]. Few attempts
have been made in the past to develop live attenuated vaccines for
GTP [120]. An attenuated live GTP vaccine has been developed
by the Indian Veterinary Research Institute and the vaccine has
been tested in laboratory and field trials. The vaccine provides
complete protection of vaccinated goats against high dose of
challenge even at low dose [58,121]. In the study of Barman et al.
2010, vaccination with live attenuated GTP vaccine produced at
the Institute of Animal Health & Veterinary Biologicals, Kolkata,
showed that vaccinated goats challenged 3 weeks pv (with 1:16
serum neutralizing antibody titre) were fully protected. The
protective titre of 1:16 can be considered as achieved early (21
dpv) and maintained up to 1 year pv [83]. It has been reported
that sheep vaccinated with GTP were protected against SPP and
vice versa in goats [122], although, some claim otherwise [123].
However, an earlier study reported the failure of SPP vaccine to
protect goats against GPV, while GTP vaccine provided solid
immunity against both SPV and GPV in sheep [124]. In 2015,
the efficacy of the Gorgan GTP strain vaccine against LSD was
evaluated in Ethiopian cattle, using challenge and monitoring
of the immune responses in vaccinated animals in the field. The
vaccine provided good protection and seroconversion in cattle
against clinical signs of the highly virulent LSD field strain [32].
In Kazakhstan, a local vaccine based on the GTPV strain (G2-
LKW) was tested in cattle. The GTPV strain showed a stronger
protective response and provided complete protection against LSD
in calves with an average protection index of 5.9 [71]. In the study
of Abitaev et al., 2022, the GTPV vaccine (G20-LKV strain) was
tested in cattle by challenge with PT. All the vaccinated animals
resisted to the challenge without showing any clinical signs of the
disease [125]. In a study of Bhanuprakash et al. 2022 an attenuated
live GTP vaccine (GTPV/ Uttarkashi/1978 strain) was evaluated
for duration of immunity following a single dose vaccination in
goats during 52 months pv. Long-term immunity was evaluated
by serological monitoring and challenge. The rise in the level of
antibodies reached a maximum at 21 dpv and were maintained for
2 years pv, with a steady decline. On challenge by ID route at 12,
24,42, and 52 months pv, protection was evident in all vaccinated
animals (100%). [89].

Serological Testing
LSD Vaccines

Antibodies are thought to play an important role in the
early stages of pi. Seroconversion measured by either VNT or
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ELISA, starts approximately 10-15 dpv and reaches the peak
levels around one month pv, after which titers gradually decline.
These results are consistent with previous reports [46]. It is known
that not all vaccinated animals seroconvert despite being fully
protected against LSD [30,78,126]. Therefore, the measurement of
antibodies alone may not provide sufficient data on the protection
status of the vaccinated animals, which must be taken into account
when evaluating the effectiveness of vaccination campaigns in
vaccinated herds.

The inactivated vaccine induced a higher humoral antibody
response compared to what is normally observed with the live
vaccine. In fact, serological response to live vaccine is around 50%
positive animals which is in agreement with other authors. One
study reported VNT antibodies in 50% of vaccinated cattle [50],
while another study reported a seroconversion rate between 34%
and 65% with live attenuated LSD vaccine [126,127].

Serological monitoring of cattle vaccinated with Mevac
vaccine was carried out during 42 dpv by using ELISA (ID
Screen Capripox Double Antigen ELISA kit) and VNT [49].
Immunogenicity studies showed a mean positive ELISA of
51.7+30.6%, while the mean positive titers by VNT (=1.2 log10)
was 78.38+15.18% [49]. Overall, the observed low serological
responses have been explained by the significant role of cellular
immunity in protecting against the disease [128,129]. Milovanovi¢
et al. (2019), showed that only 33% of vaccinated cattle remained
ELISA positive 11 months pv, while VNT was positive in 35.06%
of vaccinated animals. A booster vaccination was given 12
months after the initial vaccination. Five months after the booster
vaccination, 57% of the vaccinated animals remained positive.
Approximately 27% of cattle did not seroconvert after both the first
and the second vaccinations [126]. A field study was conducted
with the inactivated LSD vaccine in 181 cattle in Bulgaria and
animals were sampled for serology during 360 dpv and tested by
both VNT and ELISA. The response showed that 80% of the cattle
seroconverted at 28 dpv and 68% seroconverted at 120 dpv using
the ELISA test. Using VNT, the percentage recorded was of 70%
[50].

SPP Vaccines

Neutralizing antibodies play a role in long-term protection
against SPPV, and have been shown to be long-lasting in follow-
up studies of animals vaccinated against SPPV [76,86,130].
Immunogenicity and potency of six strains of SPPV (Istanbul,
Djelfa, RM 65, Romania, KSG and IPA) were tested in sheep. Two
strains, among those studied present immunogenic characteristics
(Djelfa and Romania strains). Antibodies detected were 1.39
and 1.61 at 6 months pv, and 1.10 and 1.26 at 12 months pv,
respectively [81]. Serological monitoring of an inactivated
Romanian SPPV vaccine was assessed in comparison with a live

attenuated Romanian SPPV vaccine using VNT [51]. In animals
vaccinated with the inactivated vaccine, antibodies appeared
at 7 dpv. Compared to the live vaccine, they registered similar
values on D14 and D21, but reached a significantly higher value
of antibody neutralizing titer (2.1 logl0) on D28. In animals
vaccinated with live vaccine, the increase of antibodies was noted
later on 14 dpv and showed a slight decrease on D28 to reach a
value of 1 logl0. Most sheep vaccinated with inactivated vaccine
showed an increase in antibody titre after the booster. Immunity
persisted for at least 9 months pv and stabilized at 1 to 2.1 log10
[51]. The humoral response of the commercial vaccine SPPV
RM/ 65 used in Algeria was evaluated in sheep during 360 dpv
using VNT [131]. Neutralizing antibodies obtained at 1 month pv
ranged from 0.87 to 0.98. They then increased at 90 dpv with an
average between 1.02 and 1.22. At day 365, neutralizing titers
ranged between 0.73 to 1.22. The results obtained show that the
neutralization index never reaches the recommended value (1.5).
However, the neutralization index obtained is similar to that
observed by Achour et al. (2000) after vaccination with RM/65
strain [131]. A single vaccination of sheep with a combined PPR
(N75/1) and SPP (NISKhI) vaccine provided reliable protection of
animals against two simultaneous infections for one year pv. Using
VNT, antibodies against PPRV persisted for up to 12 months, with
slight fluctuations. From 7 to 21 dpv, there was an increase in the
average anti-SPP antibody titers in the sera of vaccinated sheep,
reaching 3.0-5.2 log2. The antibodies developed were maintained
for up to 6 months pv with insignificant fluctuations. Furthermore,
a steady decrease in titer was observed, reaching only 1.9 log2 at
the end of the experiment [87].

GTP Vaccines

Vaccination of goats with GTP vaccine showed a uniform
increase in serum neutralizing antibody titre (1:16) at 21 dpv,
which peaked at 3 months pv (1:32) and persisted up to 1 year
pv [83]. Live GTP vaccine was tested in goats by serological
monitoring using VNT. The vaccine was able to induce immunity
within 7 dpv, peaking at 21 days. The titre remained at a protective
level in the range of 1.82 + 0.05 to 2.11 + 0.05 throughout the one-
year study [132]. A neutralization index of > 1.5 was considered
as positive [132,133]. The duration of immunity after single-dose
vaccination with live attenuated GTP vaccine (Uttarkashi/1978
strain) was evaluated in goats for 52 months pv. The study showed
that the vaccine could induce immunity against the disease within
7 dpv and reached a peak at 21 days, with 4- to 64-fold increase
in serum neutralizing antibody titers. SN titers declined over time,
with a 4- to 32-fold difference at 1 year pv and a 2- to 32-fold
difference at 24 and 42 months pv. Persistence of antibodies was
evident at 52 months pv, with 8- to 16-fold difference in SN titer
[89].
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Cellular Immunity

Several studies examining immune responses to CaPV
vaccination indicate that both a cell-mediated and a humoral
immune response are generated [69,76,77,86,126,130,134].
Animals that recover from a virulent CaPV infection generate
lifelong immunity (humoral and cellular) that protects the animals
against all CaPV isolates [30,135]. The unique characteristic
of CaPV is that most of the progeny virus remains within the
infected cells, releasing few virions that results in the low levels
of extracellular virus. Circulating antibody limits the spread of
virus in affected animals, but does not prevent replication at the
site of infection. Local cell-to-cell spread of infection effectively
protects the virus from circulating antibodies. Maternal immunity
provides virus protection for up to 3 months [136,137]. The role
of cell-mediated immunity (CMI) in LSD is particularly poorly
understood [31,138,139]. This immune response, driven primarily
by T lymphocytes, results in the production of key cytokines
including type II IFN (IFN-g), which is produced by CD4+ helper
T cells, CD8+ cytotoxic T cells, yd T cells, natural killer T cells,
and NK cells [140]. IFN-g and other cytokines induced by the CMI
response have a number of functions, including the activation of
NK cells and macrophages and the inducation of class switching of
immunoglobulins from activated plasma B cells [141-143].

The role of antibodies in protection against CaPV was
demonstrated by passive transfer of sera from infected sheep,
which protected the recipient sheep against CaPV challenge,
suggesting that antibodies alone are sufficient for protection [144].
A field study was conducted with a live attenuated SPV vaccine
(Ranipet strain) in 660 sheep. Blood samples were collected from
10% of the vaccinated animals during 6 months pv. the blood
samples were tested to study the humoral and cellular responses.
Humoral response was measured by VNT and cellular response
was measured by Glucose Utilization Test (GUT). A significant
difference was found between the vaccinated and control sheep in
both measures of immunity [82]. Cattle vaccinated with Gorgan
GTP vaccine, showed strong cellular immune responses at the
vaccination site as measured by delayed-type hypersensitivity
reactions, indicating a high level of immunogenicity [32]. To
evaluate the cell-mediated immune response in animals vaccinated
with LSDV inactivated vaccine, interferon gamma (IFN-y) levels
were examined in heparin blood using the Bovigam TB kit The
IFN-y present in the plasma supernatant of each blood sample
was determined using a sandwich ELISA. Thirteen among 15
vaccinated animals responded to vaccination with IFN-y, 9
strongly and 4 moderately [50]. More recently, complex immune
assays have quantified IFN-g, a key biomarker of the CMI
response, in cattle that had been vaccinated or challenged, or both
[63,145,146], with evidence suggesting the involvement of CD4+
and CD8+ T cells in the production of IFN-g [145]. However, the

kinetics and magnitude of the CMI response to LSDV and its role
in disease protection are not yet understood. The immune response
of calves to LSDV inoculation was evaluated by measuring the
levels of the pro-inflammatory cytokine IFN-g and the anti-
inflammatory cytokine IL-10 in using an ELISA test. No IFN-g or
IL-10 was detected in the serum of inoculated calves at any time
point, demonstrating that LSDV infection does not induce high
systemic levels of these cytokines in either clinical or non-clinical
animals [74].

Conclusion

SPPV,GTPV,and LSDV are the mostnotifiable transboundary
diseases on the World Organization for Animal Health (WOAH)
list. There is always a constant threat of CaPV spreading to new
geographical areas though trade in livestock and their products.
Vaccination is the most effective way to control and eradicate
infectious diseases. Control programs should be monitored by a
well-organized vaccination, using sufficient coverage and effective
vaccines. The vaccines produced are subject to strict safety and
quality control standards. For these reasons, in this work we report
the safety and efficacy animal testing for the control of CaPV
vaccine.

References

1. LeeN-H, Lee U-A, Park S-Y, Song C-S, Lee j-b, et al. (2012) Areview of
vaccine development and research for industry animals in Korea, Clin.
Exp. VACCINE Res 1: 18-34.

2. Roth JA (2011) Veterinary vaccines and their importance to animal
health and public health, procedia vaccinol 5: 127-136.

3. Clark HF, Kritchevsky D (1972) Growth and attenuation of rabies virus
in cell cultures of reptilian origin, Proc Soc Exp Biol Med 139: 1317-
1325.

4. Jorge S, Dellagostin OA (2017) The development of veterinary
vaccines: a review of traditional methods and modern biotechnology
approaches, Biotechnol. Res. Innov 1: 6-13.

5. Meeusen ENT, Walker J, Jungersen G, Pastoret P-P, et al. (2007)
Current Status of Veterinary Vaccines, Clin. Microbiol. Rev 20: 489-
510.

6. Lee N-H, Lee J-A, Park S-Y, Song C-S, Choi I-S, et al. (2012) A
review of vaccine development and research for industry animals in
Korea, Clin. Exp. Vaccine Res 1: 18.

7. Pastoret P-P (2009) Emerging diseases, zoonoses and vaccines to
control them, Vaccine 27: 6435-6438.

8. Lombard M, Pastoret P-P, Moulin A-M (2007) A brief history of vaccines
and vaccination, Rev. sci. tech. Off. int. Epiz 26: 29-48.

9. Van Aarle P (2010) Immunological correlates of vaccine-derived
protection against FMD: the regulatory perspective. In Vaccine
efficacy: immunological correlates of vaccine derived protection,.

10. Jones PGH, Cowan G, Gravendyck M, Nagata T, Robinson S, et al.
(2007) Regulatory requirements for vaccine authorisation, Rev. Sci.
Tech. Off. int. Epiz 26: 379-393.

10
J Vaccines Immunol, an open access journal
ISSN: 2575-789X

Volume 8; Issue 04


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3623508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3623508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3623508/
https://www.sciencedirect.com/science/article/pii/S1877282X11000270
https://www.sciencedirect.com/science/article/pii/S1877282X11000270
https://pubmed.ncbi.nlm.nih.gov/5023328/
https://pubmed.ncbi.nlm.nih.gov/5023328/
https://pubmed.ncbi.nlm.nih.gov/5023328/
https://www.sciencedirect.com/science/article/pii/S2452072117300667
https://www.sciencedirect.com/science/article/pii/S2452072117300667
https://www.sciencedirect.com/science/article/pii/S2452072117300667
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1932753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1932753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1932753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3623508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3623508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3623508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7131227/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7131227/
https://pubmed.ncbi.nlm.nih.gov/17633292/
https://pubmed.ncbi.nlm.nih.gov/17633292/
https://www.fondation-merieux.org/wp-content/uploads/2016/12/immunological-correlates-of-vaccine-derived-protection-20-22-september-2010-programme.pdf
https://www.fondation-merieux.org/wp-content/uploads/2016/12/immunological-correlates-of-vaccine-derived-protection-20-22-september-2010-programme.pdf
https://www.fondation-merieux.org/wp-content/uploads/2016/12/immunological-correlates-of-vaccine-derived-protection-20-22-september-2010-programme.pdf
https://pubmed.ncbi.nlm.nih.gov/17892159/
https://pubmed.ncbi.nlm.nih.gov/17892159/
https://pubmed.ncbi.nlm.nih.gov/17892159/

Citation: Bamouh Z, Fihri OF, Omari Tadlaoui K, Elidrissi A, Elharrak M (2023) A Review on Safety and Potency Testing Of
Capripoxvirus Vaccines. J Vaccines Immunol 8: 1107. DOI: 10.29011/2575-789X.0001107

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

Lopez J (2007) Animal Welfare: Global Issues, Trends and Challenges.
Scientific and Technical Review, 24 (2), Can. Vet. J 48: 1163-1164.

Kolar R, Rusche B (2008) An animal welfare perspective on animal
testing of GMO crops, ALTEX 25: 127-130.

Attanasio C, D’Angelo L , Corsi L (2022) Chapter 5 - Methods of
handling and procedures, in Practical Handbook on the 3Rs in the
Context of the Directive 2010/63/EU 2022: 113-149.

Bronstad A (2022) Chapter 8 - Harm to research animals, severity
categories, and humane endpoints, in Practical Handbook on the 3Rs
in the Context of the Directive 2010/63/EU 2022: 207-240.

Knight-Jones TJD, Edmond K, Gubbins S, Paton DJ (2014) Veterinary
and human vaccine evaluation methods, Proc. R. Soc. B Biol. Sci 281:
20132839.

Ihle S (2019) Animal Experimentation in Research: The 3Rs Principle
and the Validity of Scientific Research. Guidelines of the Permanent
Senate Commission on Animal Protection and Experimentation of the
DFG for the Design and Description of Animal Experimental Research,.

Akkermans A (2020) Animal testing for vaccines. Implementing
replacement, reduction and refinement: challenges and
priorities, Biologicals 68: 92-107.

Romberg J (2012) Potency testing of veterinary vaccines: The way
fromin vivotoin vitro, Biologicals 40: 100-106.

Tuppurainen E, Babiuk S, Klement E
disease, Springer Int. Publ. USA 2018: 47-51.

OIE Terrestrial Manual (2021) Chapter 3.4.12. Lumpy Skin Disease.

OIE Terrestrial Manual (2021) Chapter 3.1.3. Bleutongue (Infection
with Bluetongue virus), 2021: 1-19.

(2018) Lumpy skin

Tuppurainen ESM (2020) Field observations and experiences gained
from the implementation of control measures against lumpy skin
disease in South-East Europe between 2015 and 2017, Prev. Vet. Med
181:104600.

OIE Terrestrial Manual (2021) Chapter 3.4.12. Lumpy Skin Disease,
2021.

Tuppurainen ESM (2017) Review: Capripoxvirus Diseases: Current
Status and Opportunities for Control, Transbound. Emerg. Dis 64:
729-745.

EMEA (2008) Vich Gl 44 Target Animal Safety For Veterinary Live And
Inactived Vaccines, .

Abutarbush SM, Tuppurainen ESM (2018) Serological and clinical
evaluation of the Yugoslavian RM65 sheep pox strain vaccine use in
cattle against lumpy skin disease, Transbound. Emerg. Dis 65: 1657-
1663.

da Costa C, Walker B, Bonavia A(2015) Tuberculosis vaccines - State
of the art, and novel approaches to vaccine development, Int. J. Infect.
Dis 32: 5-12.

Chambers MA, Graham SP, La Ragione RM (2016) Challenges in
Veterinary Vaccine Development and Immunization, in Sunil Thomas
(ed.), Vaccine Design: Methods and Protocols, Volume 2: Vaccines for
Veterinary Diseases, Methods in Molecular Biology 1404: 1-35.

Unnikrishnan M, Rappuoli R, Serruto D (2012) Recombinant bacterial
vaccines, Curr. Opin. Immunol, 24. 337-342.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Weiss K (1968) Lumpy Skin Disease Virus, Virol. Monogr 3: 111-131.

Tuppurainen ESM (2017) Review: Capripoxvirus Diseases: Current
Status andOpportunities for Control, Transbound. Emerg. Dis 64: 729-
745.

Gari G (2015) Evaluation of the safety, immunogenicity and efficacy
of three capripoxvirus vaccine strains against lumpy skin disease
virus, Vaccine 33: 3256-3261.

Abutarbush SM (2016) Adverse Reactions to Field Vaccination
against Lumpy Skin Disease in Jordan, Transbound. Emerg. Dis 63:
e213-e219.

Norian R, Ahangaran N, Varshovi H, Azadmehr A (2016) Evaluation
of humoral and cell-mediated immunity of two capripoxvirus vaccine
strains against lumpy skin disease virus, Iran J. Virol 10: 1-11.

Varshovi H, Norian R, Azadmehr A, Ahangaran NAI (2018) Immune
response characteristic of Capri pox virus vaccines following
emergency vaccination of cattle against lumpy skin disease virus, Iran.
J. Vet. Sci Tech 9: 33-40.

OIE (2018) Sheep Pox and Goat Pox. Manual of Diagnostic Tests and
Vaccines for Terrestrial Animals. Chapter 3.7.12.

Yeruham | (1994) Adverse reactions in cattle to a capripox vaccine, Vet.
Rec. rec 135: 330-332.

Bhanuprakash V, Hosamani M, Venkatesan G, Balamurugan
V, Yogisharadhya R, et al. (2012) Animal poxvirus vaccines: a
comprehensive review, Expert Rev. Vaccines 11: 1355-1374.

Katsoulos PD (2018) Investigation on the incidence of adverse
reactions, viraemia and haematological changes following field
immunization of cattle using a live attenuated vaccine against lumpy
skin disease, Transbound. Emerg. Dis 65: 174-185.

Tuppurainen ESM (2020) Field observations and experiences gained
from the implementation of control measures against lumpy skin
disease in South-East Europe between 2015 and 2017, Prev. Vet. Med
181: 104600.

Ben-Gera J, Klement E, Khinich E, Stram Y, Shpigel NY (2015)
Comparison of the efficacy of Neethling lumpy skin disease virus
and x10RM65 sheep-pox live attenuated vaccines for the prevention
of lumpy skin disease - The results of a randomized controlled field
study, Vaccine 33: 4837-4842.

Bedekovic T, Simic I, Kresic N, and I. Lojkic | (2017) etection of
lumpy skin disease virus in skin lesions , blood , nasal swabs and
milk following preventive vaccination, Transbound. Emerg. Dis 65:
491-496.

Lojki¢ 1, Simi¢ I, Kre$ié N, Bedekovi¢ T (2018) Complete genome
sequence of a lumpy skin disease virus strain isolated from the skin of
a vaccinated animal, Genome Announcements 6: e00482-18.

Bamouh Z (2021) Investigation of Post Vaccination Reactions of
Two Live Attenuated Vaccines against Lumpy Skin Disease of
Cattle, vaccines 9: 621.

Abutarbush SM (2017) Adverse Reactions to Field Vaccination Against
Lumpy Skin Disease in Jordan, Transbound. Emerg. Dis 63: €213-9.

Hovari M, Beltran-Alcrudo D (2018) Appendix |l.Guide to develop a
lumpy skin disease emergency vaccination plan. access on 04thof
November, 2019, 2018.

11

J Vaccines Immunol, an open access journal
ISSN: 2575-789X

Volume 8; Issue 04


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2034426/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2034426/
https://www.altex.org/index.php/altex/article/view/689
https://www.altex.org/index.php/altex/article/view/689
https://www.sciencedirect.com/science/article/abs/pii/B9780128211809000015
https://www.sciencedirect.com/science/article/abs/pii/B9780128211809000015
https://www.sciencedirect.com/science/article/abs/pii/B9780128211809000015
https://www.sciencedirect.com/science/article/abs/pii/B978012821180900012X
https://www.sciencedirect.com/science/article/abs/pii/B978012821180900012X
https://www.sciencedirect.com/science/article/abs/pii/B978012821180900012X
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4043076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4043076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4043076/
https://www.dfg.de/resource/blob/173846/1702d11dc8baa5c40e0316d13a2c677d/handreichung-sk-tierversuche-en-data.pdf
https://www.dfg.de/resource/blob/173846/1702d11dc8baa5c40e0316d13a2c677d/handreichung-sk-tierversuche-en-data.pdf
https://www.dfg.de/resource/blob/173846/1702d11dc8baa5c40e0316d13a2c677d/handreichung-sk-tierversuche-en-data.pdf
https://www.dfg.de/resource/blob/173846/1702d11dc8baa5c40e0316d13a2c677d/handreichung-sk-tierversuche-en-data.pdf
https://pubmed.ncbi.nlm.nih.gov/33041187/
https://pubmed.ncbi.nlm.nih.gov/33041187/
https://pubmed.ncbi.nlm.nih.gov/33041187/
https://pubmed.ncbi.nlm.nih.gov/22075457/
https://pubmed.ncbi.nlm.nih.gov/22075457/
https://www.sciepub.com/reference/414766
https://www.sciepub.com/reference/414766
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.04.12_LSD.pdf
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.01.03_BLUETONGUE.pdf
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.01.03_BLUETONGUE.pdf
https://pubmed.ncbi.nlm.nih.gov/30581092/
https://pubmed.ncbi.nlm.nih.gov/30581092/
https://pubmed.ncbi.nlm.nih.gov/30581092/
https://pubmed.ncbi.nlm.nih.gov/30581092/
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.04.12_LSD.pdf
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.04.12_LSD.pdf
https://pubmed.ncbi.nlm.nih.gov/26564428/
https://pubmed.ncbi.nlm.nih.gov/26564428/
https://pubmed.ncbi.nlm.nih.gov/26564428/
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/1.01.08_VACCINE_PRODUCTION.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/1.01.08_VACCINE_PRODUCTION.pdf
https://pubmed.ncbi.nlm.nih.gov/29873893/
https://pubmed.ncbi.nlm.nih.gov/29873893/
https://pubmed.ncbi.nlm.nih.gov/29873893/
https://pubmed.ncbi.nlm.nih.gov/29873893/
https://www.sciencedirect.com/science/article/pii/S1201971214017159
https://www.sciencedirect.com/science/article/pii/S1201971214017159
https://www.sciencedirect.com/science/article/pii/S1201971214017159
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7123657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7123657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7123657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7123657/
https://pubmed.ncbi.nlm.nih.gov/22541723/
https://pubmed.ncbi.nlm.nih.gov/22541723/
https://link.springer.com/chapter/10.1007/978-3-662-39771-8_3
https://pubmed.ncbi.nlm.nih.gov/26564428/
https://pubmed.ncbi.nlm.nih.gov/26564428/
https://pubmed.ncbi.nlm.nih.gov/26564428/
https://pubmed.ncbi.nlm.nih.gov/26056063/
https://pubmed.ncbi.nlm.nih.gov/26056063/
https://pubmed.ncbi.nlm.nih.gov/26056063/
https://pubmed.ncbi.nlm.nih.gov/25098267/
https://pubmed.ncbi.nlm.nih.gov/25098267/
https://pubmed.ncbi.nlm.nih.gov/25098267/
https://journal.isv.org.ir/article-1-306-en.html
https://journal.isv.org.ir/article-1-306-en.html
https://journal.isv.org.ir/article-1-306-en.html
https://ijvst.um.ac.ir/article_29554.html
https://ijvst.um.ac.ir/article_29554.html
https://ijvst.um.ac.ir/article_29554.html
https://ijvst.um.ac.ir/article_29554.html
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.07.12_S_POX_G_POX.pdf
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.07.12_S_POX_G_POX.pdf
https://pubmed.ncbi.nlm.nih.gov/7825272/
https://pubmed.ncbi.nlm.nih.gov/7825272/
https://pubmed.ncbi.nlm.nih.gov/23249235/
https://pubmed.ncbi.nlm.nih.gov/23249235/
https://pubmed.ncbi.nlm.nih.gov/23249235/
https://pubmed.ncbi.nlm.nih.gov/28391652/
https://pubmed.ncbi.nlm.nih.gov/28391652/
https://pubmed.ncbi.nlm.nih.gov/28391652/
https://pubmed.ncbi.nlm.nih.gov/28391652/
https://pubmed.ncbi.nlm.nih.gov/30581092/
https://pubmed.ncbi.nlm.nih.gov/30581092/
https://pubmed.ncbi.nlm.nih.gov/30581092/
https://pubmed.ncbi.nlm.nih.gov/30581092/
https://pubmed.ncbi.nlm.nih.gov/26238726/
https://pubmed.ncbi.nlm.nih.gov/26238726/
https://pubmed.ncbi.nlm.nih.gov/26238726/
https://pubmed.ncbi.nlm.nih.gov/26238726/
https://pubmed.ncbi.nlm.nih.gov/26238726/
https://pubmed.ncbi.nlm.nih.gov/29086485/
https://pubmed.ncbi.nlm.nih.gov/29086485/
https://pubmed.ncbi.nlm.nih.gov/29086485/
https://pubmed.ncbi.nlm.nih.gov/29086485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5981036/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5981036/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5981036/
https://pubmed.ncbi.nlm.nih.gov/34201339/
https://pubmed.ncbi.nlm.nih.gov/34201339/
https://pubmed.ncbi.nlm.nih.gov/34201339/
https://pubmed.ncbi.nlm.nih.gov/25098267/
https://pubmed.ncbi.nlm.nih.gov/25098267/
https://www.fao.org/fileadmin/user_upload/reu/europe/documents/AppII.pdf
https://www.fao.org/fileadmin/user_upload/reu/europe/documents/AppII.pdf
https://www.fao.org/fileadmin/user_upload/reu/europe/documents/AppII.pdf

Citation: Bamouh Z, Fihri OF, Omari Tadlaoui K, Elidrissi A, Elharrak M (2023) A Review on Safety and Potency Testing Of
Capripoxvirus Vaccines. J Vaccines Immunol 8: 1107. DOI: 10.29011/2575-789X.0001107

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Stangaferro M, Wijma R, Caixeta L, Al-Abri M, Giordano J (2016) Use
of rumination and activity monitoring for the identification of dairy cows
with health disorders: Part Il. Mastitis, J Dairy Sci 99: 7411-7421.

Vanhoudt A, van Winden S, Fishwick J, Bell N (2015) Monitoring cow
comfort and rumen health indices in a cubicle-housed herd with an
automatic milking system: a repeated measures approach, Ir Vet J
68: 12.

Bazid AH (2022) Emergency vaccination of cattle against lumpy skin
disease: Evaluation of safety, efficacy, and potency of MEVAC® LSD
vaccine containing Neethling strain, Vet. Res. Commun 47: 767-777.

Hamdi J (2020) Development and Evaluation of an Inactivated Lumpy
Skin Disease Vaccine for Cattle, Vet. Microbiol 245: 108689.

Boumart Z (2016) Comparative innocuity and efficacy of live and
inactivated sheeppox vaccines, BMC Vet. Res 12: 33.

Wolff J, Moritz T, Schlottau K, Hoffmann D, Beer M, Hoffmann B
(2021) Development of a Safe and Highly Efficient Inactivated Vaccine
Candidate against Lumpy Skin Disease Virus, Vaccines 9: 4.

Bhanuprakash V, Indrani BK, Hosamani M, Singh RK (2006) The
current status of sheep pox disease, Comp. Immunol. Microbiol. Infect.
Dis 29: 27-60.

Rao TVS, Bandyopadhyay SKA (2000) comprehensive review of goat
pox and sheep pox and their diagnosis, Anim. Heal. Res. Rev 1: 127-
136.

Ramyar H, Hessami M (1968) Development of an attenuated live
vaccine against sheep-pox, Arch. Inst. Razi 20: 77-80.

Singh |, Rao V, Chandra R, Garg S (1984) Comparative evaluation of
sheeppox vaccines, Indian J Anim Sci 54: 650e3.

Awad M, Michael A, Soliman SM, Samir SS, Daoud AM (2003)
Trials for preparation of inactivated sheep pox vaccine using binary
ethyleneimine, Egypt. J. Immunol 10: 67-72.

Hosamani M, Nandi S, Mondal B, Singh R, Rasool SK, et al. (2004) A
vero cell-attenuated goat pox virus provides protection against virulent
virus challenge, Acta Virol 48: 15-21.

Kavitha |, Chetty m (2009) Efficacy of inactivated and live attenuated
goatpox vaccines, Indian J. Anim. Sci 79: 1018-1019.

Ghorani M, Esmaeili H (2022) Comparison of susceptibility of different
goat breeds to live attenuated goatpox vaccine, Small Rumin. Res,
212 December 2021: 106721.

De Mattia F (2015) The vaccines consistency approach project: an
EPAA initiative, Pharmeur. Bio. Sci. Notes 2015: 30-56.

Garbe JHO (2014) Historical data analyses and scientific knowledge
suggest complete removal of the abnormal toxicity test as a quality
control test, J Pharm. sci 103: 3349-3355.

Haegeman A (2021) Comparative Evaluation of Lumpy Skin Disease
Virus-Based Live Attenuated, Vaccines 9: 943.

Annandale C, Holm D, Ebersohn K, Venter EH (2014) Seminal
transmission of lumpy skin disease virus in heifers, Transbound.
Emerg. Dis 61: 443-448.

Tuppurainen EH, Venter ESM, Coetzer JAW (2005) The detection of
lumpy skin disease virus in samples of experimentally infected cattle
using different diagnostic techniques, Onderstepoort J. Vet. Res 72:
153-164.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Sanz-Bernardo B, Haga |, Wijesiriwardana N, Hawes P, Simpson J,
et al. (2020) Lumpy skin disease is characterized by severe multifocal
dermatitis with necrotizing fibrinoid vasculitis following experimental
infection, Vet Pathol 57: 388-396.

Sanz-Bernardo B, Haga |, Wijesiriwardana N, Basu S, Larner W, et
al. (2021) Quantifying and modelling the acquisition and retention of
lumpy skin disease virus by haematophagus insects reveals clinically
but not subclinically affected cattle are promoters of viral transmission
and key targets for control of disease outbreaks, J Virol 95: €02239-20.

Davies FG (1976) Characteristics of a virus causing a pox disease
in sheep and goats on Kenya, with observations on the epidemiology
and control, J. Hyg 76: 163-171.

Moller J (2019) Experimental lumpy skin disease virus infection of
cattle: Comparison of a field strain and a vaccine strain, Arch. Virol
164: 2931-2941.

Wolff J, King J, Moritz T, Pohimann A, Hofmann D, et al. (2020)
Experimental infection and genetic characterization of two diferent
capripox virus isolates in small ruminants, Viruses 12: 1098.

Zhugunissov K (2020) Goatpox virus (G20-LKV) vaccine strain elicits
a protective response in cattle against lumpy skin disease at challenge
with lumpy skin disease virulent field strain in a comparative study, Vet.
Microbiol 245: 108695.

WOAH (2022) umpy Skin Disease, In Manual of Diagnostic Tests and
Vaccines for Terrestrial Animals 2022: World Organization for Animal
health (Previously: Office international des epizo- oties), Paris, France.

Zhugunissova K (2020) Goatpox virus (G20-LKV) vaccine strain elicits
a protective response in cattle against lumpy skin disease at challenge
with lumpy skin disease virulent field strain in a comparative study, Vet.
Microbiol 245: 108695.

Fay PC (2022) The immune response to lumpy skin disease virus in
cattle is influenced by inoculation route, Front. Immunol, 13 November
13: 1051008.

Bowden TR, Babiuk SL, Parkyn GR, Copps JS, Boyle DB (2008)
Capripoxvirus tissue tropism and shedding: A quantitative study in
experimentally infected sheep and goats, Virology 371: 380-393.

Babiuk S (2009) “Yemen and Vietnam capripoxviruses demonstrate a
distinct host preference for goats compared with sheep.,” J. Gen.virol
90: 105-114.

Hani B (2015) “A lumpy skin disease virus deficient of an IL-10 gene
homologue provides protective immunity against virulent capripoxvirus
challenge in sheep,” Antiviral Res 123: 39-49.

Kitching RP (1986) “The control of sheep and goat pox.,” Rev. Sci.
Tech 5: 503-511.

Buller R, Palumbo G (1991) “Poxvirus pathogenesis.,” Microbiol Rev
55: 80e122.

Fassi-Fehri M, El-Harrak M, Johnson D, Abbadi M, El-Idrissi
AH (1984) “Etude expérimentale de Iimmunité anticlaveleuse
postvaccinale.,” Ann. Rech. Vétérinaires, INRA 15: 59-64.

Achour HA, Bouguedour R, Bouhbal A, Guechtouli A, Aouissat M (2000)
“Etude Comparative Du Pouvoir Immunisant De Quelques Souches
Atténuées De Virus De La Clavelée Et D’'Un Vaccin Sensibilisé,” OIE
Rev. Sci. Tech 19: 773-783.

Bhanuprakash V, Indrani BK, Hegde R, Kumar MM, Moorthy ARS

12

J Vaccines Immunol, an open access journal
ISSN: 2575-789X

Volume 8; Issue 04


https://pubmed.ncbi.nlm.nih.gov/27372584/
https://pubmed.ncbi.nlm.nih.gov/27372584/
https://pubmed.ncbi.nlm.nih.gov/27372584/
https://pubmed.ncbi.nlm.nih.gov/26075057/
https://pubmed.ncbi.nlm.nih.gov/26075057/
https://pubmed.ncbi.nlm.nih.gov/26075057/
https://pubmed.ncbi.nlm.nih.gov/26075057/
https://pubmed.ncbi.nlm.nih.gov/36460903/
https://pubmed.ncbi.nlm.nih.gov/36460903/
https://pubmed.ncbi.nlm.nih.gov/36460903/
https://pubmed.ncbi.nlm.nih.gov/32456824/
https://pubmed.ncbi.nlm.nih.gov/32456824/
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-016-0754-0
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-016-0754-0
https://pubmed.ncbi.nlm.nih.gov/33374808/
https://pubmed.ncbi.nlm.nih.gov/33374808/
https://pubmed.ncbi.nlm.nih.gov/33374808/
https://pubmed.ncbi.nlm.nih.gov/16458357/
https://pubmed.ncbi.nlm.nih.gov/16458357/
https://pubmed.ncbi.nlm.nih.gov/16458357/
https://pubmed.ncbi.nlm.nih.gov/11708598/
https://pubmed.ncbi.nlm.nih.gov/11708598/
https://pubmed.ncbi.nlm.nih.gov/11708598/
https://archrazi.areeo.ac.ir/article_108642_748d07e66a153a16b46dcdb25905437f.pdf
https://archrazi.areeo.ac.ir/article_108642_748d07e66a153a16b46dcdb25905437f.pdf
https://pubmed.ncbi.nlm.nih.gov/15719613/
https://pubmed.ncbi.nlm.nih.gov/15719613/
https://pubmed.ncbi.nlm.nih.gov/15719613/
https://pubmed.ncbi.nlm.nih.gov/15230470/
https://pubmed.ncbi.nlm.nih.gov/15230470/
https://pubmed.ncbi.nlm.nih.gov/15230470/
https://epubs.icar.org.in/index.php/IJAnS/article/view/3121
https://epubs.icar.org.in/index.php/IJAnS/article/view/3121
https://www.x-mol.net/paper/article/1524852503622672384
https://www.x-mol.net/paper/article/1524852503622672384
https://www.x-mol.net/paper/article/1524852503622672384
https://pubmed.ncbi.nlm.nih.gov/26830158/
https://pubmed.ncbi.nlm.nih.gov/26830158/
https://pubmed.ncbi.nlm.nih.gov/25209378/
https://pubmed.ncbi.nlm.nih.gov/25209378/
https://pubmed.ncbi.nlm.nih.gov/25209378/
https://pubmed.ncbi.nlm.nih.gov/34066658/
https://pubmed.ncbi.nlm.nih.gov/34066658/
https://pubmed.ncbi.nlm.nih.gov/23289592/
https://pubmed.ncbi.nlm.nih.gov/23289592/
https://pubmed.ncbi.nlm.nih.gov/23289592/
https://pubmed.ncbi.nlm.nih.gov/16137133/
https://pubmed.ncbi.nlm.nih.gov/16137133/
https://pubmed.ncbi.nlm.nih.gov/16137133/
https://pubmed.ncbi.nlm.nih.gov/16137133/
https://pubmed.ncbi.nlm.nih.gov/32314676/
https://pubmed.ncbi.nlm.nih.gov/32314676/
https://pubmed.ncbi.nlm.nih.gov/32314676/
https://pubmed.ncbi.nlm.nih.gov/32314676/
https://pubmed.ncbi.nlm.nih.gov/33568514/
https://pubmed.ncbi.nlm.nih.gov/33568514/
https://pubmed.ncbi.nlm.nih.gov/33568514/
https://pubmed.ncbi.nlm.nih.gov/33568514/
https://pubmed.ncbi.nlm.nih.gov/33568514/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2129627/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2129627/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2129627/
https://pubmed.ncbi.nlm.nih.gov/31538254/
https://pubmed.ncbi.nlm.nih.gov/31538254/
https://pubmed.ncbi.nlm.nih.gov/31538254/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7600078/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7600078/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7600078/
https://pubmed.ncbi.nlm.nih.gov/32456811/
https://pubmed.ncbi.nlm.nih.gov/32456811/
https://pubmed.ncbi.nlm.nih.gov/32456811/
https://pubmed.ncbi.nlm.nih.gov/32456811/
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/A_summry.htm
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/A_summry.htm
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/A_summry.htm
https://pubmed.ncbi.nlm.nih.gov/32456811/
https://pubmed.ncbi.nlm.nih.gov/32456811/
https://pubmed.ncbi.nlm.nih.gov/32456811/
https://pubmed.ncbi.nlm.nih.gov/32456811/
https://pubmed.ncbi.nlm.nih.gov/36518761/
https://pubmed.ncbi.nlm.nih.gov/36518761/
https://pubmed.ncbi.nlm.nih.gov/36518761/
https://pubmed.ncbi.nlm.nih.gov/17988703/
https://pubmed.ncbi.nlm.nih.gov/17988703/
https://pubmed.ncbi.nlm.nih.gov/17988703/
https://pubmed.ncbi.nlm.nih.gov/19088279/
https://pubmed.ncbi.nlm.nih.gov/19088279/
https://pubmed.ncbi.nlm.nih.gov/19088279/
https://pubmed.ncbi.nlm.nih.gov/26341190/
https://pubmed.ncbi.nlm.nih.gov/26341190/
https://pubmed.ncbi.nlm.nih.gov/26341190/
https://pubmed.ncbi.nlm.nih.gov/32917076/
https://pubmed.ncbi.nlm.nih.gov/32917076/
https://www.academia.edu/33095475/Comparative_efficacy_of_live_replicating_sheeppox_vaccine_strains_in_Ovines
https://www.academia.edu/33095475/Comparative_efficacy_of_live_replicating_sheeppox_vaccine_strains_in_Ovines
https://hal.science/hal-00901478/document
https://hal.science/hal-00901478/document
https://hal.science/hal-00901478/document
https://scholar.archive.org/work/fra3myfmrnecnpwhn6gtepg7x4
https://scholar.archive.org/work/fra3myfmrnecnpwhn6gtepg7x4
https://scholar.archive.org/work/fra3myfmrnecnpwhn6gtepg7x4
https://scholar.archive.org/work/fra3myfmrnecnpwhn6gtepg7x4
https://pubmed.ncbi.nlm.nih.gov/15241965/

Citation: Bamouh Z, Fihri OF, Omari Tadlaoui K, Elidrissi A, Elharrak M (2023) A Review on Safety and Potency Testing Of
Capripoxvirus Vaccines. J Vaccines Immunol 8: 1107. DOI: 10.29011/2575-789X.0001107

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

(2004) “A classical live attenuated vaccine for sheep pox,” Trop. Anim.
Health Prod 36: 307-320.

Barman D (2010) “Estimation of post-vaccination antibody titre against
goat pox and determination of protective antibody titre,” Small Rumin.
Res 93: 76-78.

Yogisharadhya r (2011) “Comparative efficacy of live replicating
sheeppox vaccine strains in Ovines,” Biologicals 39: 417-423.

Boumart Z (2020) “Safety and immunogenicity of the Rift Valley fever
arMP-12 ANSm21/384 candidate vaccine in pregnant ewes,” Vaccine
6: 100070.

Hamdi J (2020) “experimental evaluation of the cross-protection
between Sheeppox and bovine Lumpy skin vaccines,” Sci. Rep 10:
1-9.

Amanova Z (2021) “Duration of protective immunity in sheep vaccinated
with a combined vaccine against peste des petits ruminants and sheep
pox,” Vaccines 9: 1-18.

Hamdi J (2021) “Experimental infection of indigenous North African
goats with goatpox virus,” Acta Vet. Scand 63: 9

Bhanuprakash V, Hosamani M, Venkatesan G, Singh RK (2022)
“Long-term protective immunity to goatpox in goats after a single
immunization with a live attenuated goatpox vaccine,” Arch. Virol 167:
2035-2040.

Kitching R, Taylor W (1985) “Clinical and antigenic relationship
between isolates of sheep and goatpox viruses.,” Trop Anim Heal.
Prod 17: 64-74.

Brenner J (2009) “Appearance of skin lesions in cattle populations
vaccinated against lumpy skin disease : Statutory challenge,” Vaccine
27: 1500-1503.

Hani B (2013) “Capripoxvirus-vectored vaccines against livestock
diseases in Africa,” Antiviral Res 98: 217-227.

(European Food Safety Authority) EFSA (2020) “Lumpy skin disease
epidemiological report IV: data collection and analysis,” 18: e06010.

Klement E (2018) “Neethling vaccine proved highly effective in
controlling lumpy skin disease epidemics in the Balkans,” Prev. Vet.
Med 181: 104595.

Tuppurainen E (2021) “Review: Vaccines and vaccination against
lumpy skin disease,” Vaccines 9: 1-22.

Klement E (2020) “Neethling vaccine proved highly effective in
controlling lumpy skin disease epidemics in the Balkans.,” Prev Vet
Med 181: 10459.

Wassie M, Klaas F, Getachew G, De jong MCM (2017) “Field study on
the use of vaccination to control the occurrence of lumpy skin disease
in Ethiopian cattle,” Prev. Vet. Med 1: 34-41.

Solyom F, Perenlei L, Roith J (1982) “Sheep-pox vaccine prepared
from formaldehyde inactivated virus adsorbed to aluminium hydroxide
gel.,” Acta Microbiol. Acad. Sci. Hung 29: 69-75.

Pal JK, Soman JP (1992) “Further trials on the inactivated goat pox
vaccine.,” Indian J. Virol 8: 86-91.

Yadav MP, Pandey AB, Negi BS, Sharma B, Shankar H (1986) “Studies
on inactivated goat pox vaccine.,” Indian J. Virol 2: 207-221.

Kitching P (1983) “Progress towards sheep and goat pox vaccines.
Vaccine,” Vaccine 1: 4-9.

102

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

. Bhanuprakash V (2001) “Epidemiology of sheep pox infection in
Karnataka, the analysis of viral protein profiles of field and vaccine
strains and evaluation of live attenuated vaccines. PhD Thesis. Uni
Agri Sci, Bangalore, Karnataka, India; 2001,” 24: 909-920.

Tuppurainen E (2014) “Characterization of sheep pox virus vaccine for
cattle against lumpy skin disease virus,” Antiviral Res 109: 1-6.

Kitching RP (2003) “Vaccines for lumpy skin disease, sheep pox and
goat pox,” Dev Biol 114: 161-167.

Awati B (1992) “Safety and potency tests of Kenyan strain of sheep
pox virus vaccine in goats. MVSc Thesis, Univ Agril Sci, Bangalore,
India;,” 1992.

Kalpana G (1993) “Evaluation of immunity conferred by Kenyan
strain of capripox virus against goatpox infection and the antigenic
relationship between the two viruses. MVSc Thesis. Uni Agric Sci,
Bangalore, Karnataka, India;,” 1993.

Abu elzein E (2003) “Observations on natural and experimental
infection of sheep and goats with a virulent feld Capripoxvirus with
high afnity to goats.,” Vet. Arshiv 73: 119-131.

Abu elzein E, Housawi F, Al-Afaleq A, Ibrahim A (2004) “Protection of
goats, with a Sheeppox Vaccine, against a virulent feld Capripoxvirus
with high afnity to goats.,” Sci. J. King Faisal Univ 5: 1425.

Abd-Elfatah EB, EI-Mekkawi MF, Aboul-Soud EA (2018)
“Capripoxviruses of small ruminants: control and evaluating the
future update efficacy of a current vaccine in Egypt. Advances in
Environmental Biology.,” 12: 11-16.

Abd-Elfatah EB, EI-Mekkawi MF, Aboul-Soud EA, Fawzi EM, El-Soally
SA (2019) “Immunological response of a new trivalent capripoxvirus
vaccine in pregnant ewes and does. 445-55 (2019),” Slov Vet Res
56: 445-455.

Kumar SM (2011) “An Outbreak of Lumpy Skin Disease in a Holstein
Dairy Herd in Oman: A Clinical Report,” Asian J. Anim. Vet. Adv 6:851-
859.

Kasem S (2018)“Outbreak investigation and molecular diagnosis
of Lumpy skin disease among livestock in Saudi Arabia
2016.,” Transbound. Emerg. Dis 65:494-e500.

Ayelet G (2013) “Lumpy skin disease: Preliminary vaccine efficacy
assessment and overview on outbreak impact in dairy cattle at Debre
Zeit, central Ethiopia,” Antiviral Res 98:261-265.

Tageldin MH (2014) “Lumpy skin disease of cattle: An emerging
problem in the Sultanate of Oman,” Trop. Anim. Health Prod 46:241-
246.

Abdallah FM, EI Damaty HM and Kotb GF (2018) “Sporadic cases of
lumpy skin disease among cattle in Sharkia province, Egypt: Genetic
characterization of lumpy skin disease virus isolates and pathological
findings.,” Vet. World 11:1150-1158.

Salib FA and Osman AH (2011) “Incidence of lumpy skin disease
among Egyptian cattle in Giza Governorate, Egypt,” Vet. World 4:162-
167.

Gaber A, Rouby S, Elsaied A and El-Sherif A, (2022)“Assessment
of heterologous lumpy skin disease vaccine-induced immunity in
pregnant cattle vaccinated at different times of gestation period and
their influence on maternally derived antibodies.,” Vet Immu- nol
Immunopathol 244:110380.

13

J Vaccines Immunol, an open access journal
ISSN: 2575-789X

Volume 8; Issue 04


https://pubmed.ncbi.nlm.nih.gov/15241965/
https://pubmed.ncbi.nlm.nih.gov/15241965/
https://eurekamag.com/research/063/921/
https://eurekamag.com/research/063/921/
https://eurekamag.com/research/063/921/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928353/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928353/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7415414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7415414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7415414/
https://www.nature.com/articles/s41598-020-65856-7
https://www.nature.com/articles/s41598-020-65856-7
https://www.nature.com/articles/s41598-020-65856-7
https://biosafety.kz/en/%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0-%D0%BD%D0%B8%D0%B8%D0%BF%D0%B1%D0%B1/%D0%BB%D0%B0%D0%B1%D0%BE%D1%80%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D1%8F-%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8-%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0/
https://biosafety.kz/en/%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0-%D0%BD%D0%B8%D0%B8%D0%BF%D0%B1%D0%B1/%D0%BB%D0%B0%D0%B1%D0%BE%D1%80%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D1%8F-%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8-%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0/
https://biosafety.kz/en/%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0-%D0%BD%D0%B8%D0%B8%D0%BF%D0%B1%D0%B1/%D0%BB%D0%B0%D0%B1%D0%BE%D1%80%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D1%8F-%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8-%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0/
https://actavetscand.biomedcentral.com/articles/10.1186/s13028-021-00574-2
https://actavetscand.biomedcentral.com/articles/10.1186/s13028-021-00574-2
https://pubmed.ncbi.nlm.nih.gov/35752986/
https://pubmed.ncbi.nlm.nih.gov/35752986/
https://pubmed.ncbi.nlm.nih.gov/35752986/
https://pubmed.ncbi.nlm.nih.gov/35752986/
https://clinmedjournals.org/articles/jide/journal-of-infectious-diseases-and-epidemiology-jide-4-057.php?jid=jide
https://clinmedjournals.org/articles/jide/journal-of-infectious-diseases-and-epidemiology-jide-4-057.php?jid=jide
https://clinmedjournals.org/articles/jide/journal-of-infectious-diseases-and-epidemiology-jide-4-057.php?jid=jide
https://pubmed.ncbi.nlm.nih.gov/19186204/
https://pubmed.ncbi.nlm.nih.gov/19186204/
https://pubmed.ncbi.nlm.nih.gov/19186204/
https://www.academia.edu/27123987/Capripoxvirus_vectored_vaccines_against_livestock_diseases_in_Africa
https://www.academia.edu/27123987/Capripoxvirus_vectored_vaccines_against_livestock_diseases_in_Africa
https://pubmed.ncbi.nlm.nih.gov/32874220/
https://pubmed.ncbi.nlm.nih.gov/32874220/
https://pubmed.ncbi.nlm.nih.gov/30553537/
https://pubmed.ncbi.nlm.nih.gov/30553537/
https://pubmed.ncbi.nlm.nih.gov/30553537/
https://link.springer.com/article/10.1007/s11259-022-10037-2
https://link.springer.com/article/10.1007/s11259-022-10037-2
https://pubmed.ncbi.nlm.nih.gov/30553537/
https://pubmed.ncbi.nlm.nih.gov/30553537/
https://pubmed.ncbi.nlm.nih.gov/30553537/
https://edepot.wur.nl/423098
https://edepot.wur.nl/423098
https://edepot.wur.nl/423098
https://pubmed.ncbi.nlm.nih.gov/6291337/
https://pubmed.ncbi.nlm.nih.gov/6291337/
https://pubmed.ncbi.nlm.nih.gov/6291337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7823700/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7823700/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7823700/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7823700/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4149609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4149609/
https://pubmed.ncbi.nlm.nih.gov/16642761/
https://pubmed.ncbi.nlm.nih.gov/16642761/
https://pubmed.ncbi.nlm.nih.gov/16642761/
https://pubmed.ncbi.nlm.nih.gov/16642761/
https://pubmed.ncbi.nlm.nih.gov/24973760/
https://pubmed.ncbi.nlm.nih.gov/24973760/
https://pubmed.ncbi.nlm.nih.gov/14677686/
https://pubmed.ncbi.nlm.nih.gov/14677686/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4149609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4149609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4149609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8145859/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8145859/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8145859/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8145859/
https://www.researchgate.net/publication/260321428_Observations_on_natural_and_experimental_infection_of_sheep_and_goats_with_a_virulent_field_Capripoxvirus_with_high_affinity_to_goats
https://www.researchgate.net/publication/260321428_Observations_on_natural_and_experimental_infection_of_sheep_and_goats_with_a_virulent_field_Capripoxvirus_with_high_affinity_to_goats
https://www.researchgate.net/publication/260321428_Observations_on_natural_and_experimental_infection_of_sheep_and_goats_with_a_virulent_field_Capripoxvirus_with_high_affinity_to_goats
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264126/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264126/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264126/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264126/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264126/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264126/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264126/
https://scialert.net/abstract/?doi=ajava.2011.851.859
https://scialert.net/abstract/?doi=ajava.2011.851.859
https://scialert.net/abstract/?doi=ajava.2011.851.859
https://pubmed.ncbi.nlm.nih.gov/29150916/
https://pubmed.ncbi.nlm.nih.gov/29150916/
https://pubmed.ncbi.nlm.nih.gov/29150916/
https://pubmed.ncbi.nlm.nih.gov/23428671/
https://pubmed.ncbi.nlm.nih.gov/23428671/
https://pubmed.ncbi.nlm.nih.gov/23428671/
https://pubmed.ncbi.nlm.nih.gov/24097247/
https://pubmed.ncbi.nlm.nih.gov/24097247/
https://pubmed.ncbi.nlm.nih.gov/24097247/
https://www.veterinaryworld.org/Vol.11/August-2018/20.html
https://www.veterinaryworld.org/Vol.11/August-2018/20.html
https://www.veterinaryworld.org/Vol.11/August-2018/20.html
https://www.veterinaryworld.org/Vol.11/August-2018/20.html
https://www.researchgate.net/publication/50434360_Incidence_of_lumpy_skin_disease_among_Egyptian_cattle_in_Giza_Governorate_Egypt
https://www.researchgate.net/publication/50434360_Incidence_of_lumpy_skin_disease_among_Egyptian_cattle_in_Giza_Governorate_Egypt
https://www.researchgate.net/publication/50434360_Incidence_of_lumpy_skin_disease_among_Egyptian_cattle_in_Giza_Governorate_Egypt
https://www.sciencedirect.com/science/article/abs/pii/S0165242721001987
https://www.sciencedirect.com/science/article/abs/pii/S0165242721001987
https://www.sciencedirect.com/science/article/abs/pii/S0165242721001987
https://www.sciencedirect.com/science/article/abs/pii/S0165242721001987
https://www.sciencedirect.com/science/article/abs/pii/S0165242721001987

Citation: Bamouh Z, Fihri OF, Omari Tadlaoui K, Elidrissi A, Elharrak M (2023) A Review on Safety and Potency Testing Of
Capripoxvirus Vaccines. J Vaccines Immunol 8: 1107. DOI: 10.29011/2575-789X.0001107

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Rozstalnyy A, Aguanno R and Beltran-Alcrudo D (2017) “Lumpy skin
disease: Country situation and capacity reports.,” Empres. Heal 47:45-
47.

Prasad IJ and Datt NS (1973) “Observation on the use of live and
inactivated vaccines against goatpox.,” Indian Vet. J 50:1-10.

Dubey S and Sawhney A (1978) “Live and reactivated tissue culture
vaccines against goat pox.,” Indian Vet. J 55: 925.

Bhanuprakash V, Hosamani M and Singh RK (2011) “Prospects of
control and eradication of capripox from the Indian subcontinent: A
perspective,” Antiviral Res 91:225-232.

Sharma S and Dhanda M (1971) “Studies on the interrelationship
between sheep and goatpox viruses.,” J Anim Sci Indian 41: 267-272.

Bennet S, Horgan E and Mansur A (1944)“The pox disease of sheep
and goats.,” J Comp Pathol 54:131-160.

Rafyi A and Ramyar H (1959) “Goat pox in Iran. Serial passages in
goats and the developing egg and relationship with sheep pox.,” J
Comp Pathol 69:141-147.

Abitaev RT, Kondibaeva ZB, Amanova ZT, Sametova ZZ , Ussembay
AK et.al, (2022) “Determination of the optimal immunizing dose of
heterologous goat pox virus vaccine (Poxviridae: Chordopoxvirinae:
Capripoxvirus) against lumpy skin disease,” Probl. Virol. (Voprosy
Virusol 67:304-309.

M. Milovanovi¢ (2019) “Humoral immune response to repeated
lumpy skin disease virus vaccination and performance of serological
tests” BMC Vet. Res. 15:1-9.

M. Samojlovic (2019) “DETECTION OF ANTIBODIES AGAINST
LUMPY SKIN DISEASE VIRUS BY VIRUS NEUTRALIZATION TEST
AND ELISA METHODS” Acta Vet 69:47-60

Norian R, AfzalAN, Varshovi HR , and Azadmehr A (2019)
“Comparative efficacy of two heterologous capripox vaccines to control
lumpy skin disease in cattle”. Bulg J Vet Med 22:171-179.

Varshovi H, R. Norian, A. Azadmehr, and Afzal AN (2017) “Immune
response characteristics of Capri pox virus vaccines following
emergency vaccination of cattle against lumpy skin disease virus”. Iran
J Vet Sci Technol 9:33-40.

P. Fay, G. Limon, G. Ulziibat, B. Khanui, O. Myagmarsuren, and G.
Tore, (2021) field study evaluating the humoral immune response in
Mongolian sheep vaccinated against sheeppox virus Transbound.
Emerg. Dis 69:1837-1846.

Kali K, Kardjadj M, Touaghit N, Yahiaoui F, and Ben-Mahdi MH
(2019) “Understanding the epidemiology of sheep-pox outbreaks
among vaccinated Algerian sheep and post vaccination evaluation
of the antibodies kinetics of the commercially used vaccine,” Comp.
Immunol. Microbiol. Infect. Dis 65 128-131.

132

133.

134.

135.

136.

137.

138.

139.

140.

141.

142,

143.

144.

145.

146.

. Baksi S, Puwar P, Rao N, and Oza R, (2017) “Evaluation of antibody
response to Goat Pox cell culture vaccine in goats in India,” Bangladesh
Vet 33:23-27.

Zeidan S (2016) “Preliminary study for preparation of combined
attenuated vaccine against Sheep Pox and PPR viruses” Int. J. Adv.
Res 4: 212-219.

Ochwo S (2019) “Seroprevalence and risk factors for lumpy skin
disease virus seropositivity in cattle in Uganda” BMC Vet Res15:236.

Kitching RP, Hammond JM and Taylor WP (1987) “A single vaccine
for the control of capripox infection in sheep and goats.,” Res. Vet. Sci
42:53-60.

Mirzaie K, Barani S, and Bokaie S (2015)“A review of sheep pox and
goat pox: perspective of their control and eradication.,” J. Adv. Vet.
Anim. Res 2:373-381.

Madhavan A,Venkatesan G and Kumar A (2016) “Capripoxviruses of
small ruminants: Current updates and future perspectives.,” Asian J.
Anim. Vet. Adv 11:757-770.

Xu R, Johnson A, Liggitt D and Bevan M (2004)“Cellular and
humoral immunity against vaccinia virus infection of mice.,” J Immunol
172:6265-6271.

Kennedy BR, Ovsyannikova IG, Jacobson MR and Poland G (2009)
“The immunology of smallpox vaccines.,” Curr Opin Immunol 21:314-
320.

Smith G L, Talbot-Cooper C and Lu Y (2018) “How does vaccinia virus
interfere with interferon?,” Adv Virus Res 100: 355-378.

Luckheeram R, Zhou R, Verma A and Xia B (2012) “CD4+T cells:
differentiation and functions.,” Clin Dev Immunol, p. 2012 : 925135.

Fazilleau N, Mark L and McHeyzer-Williams MG, McHeyzer-Williams
LJ (2009) “Follicular helper T cells: lineage and location.,” Immunity
30:324-335.

Zhang N and Bevan M (2011) “CD8(+) T cells: foot soldiers of the
immune system.,” Immunity 35:161-168.

Kitching R (1986) “Passive protection of sheep against capripoxvirus.
1986;,” Res Vet Sci 41:247-250.

Kara PD, Mather AS, Pretorius A, Chetty T, Babiuk S and Wallace
DB, (2018) “Characterisation of putative immunomodulatory gene
knockouts of lumpy skin disease virus in cattle towards an improved
vaccine.,” Vaccine, 36:4708-4715.

Safini N, Bamouh Z,Hamdi J, Jazouli M, Tadlaoui K et.al (2021) “In-
vitro and in-vivo study of the interference between rift valley fever vand
Sheeppox/Limpy skin disease viruses.,” Sci. Rep 11:12395.

14

J Vaccines Immunol, an open access journal
ISSN: 2575-789X

Volume 8; Issue 04


https://www.researchgate.net/publication/321422161_Lumpy_Skin_Disease_Country_situation_and_capacity_reports
https://www.researchgate.net/publication/321422161_Lumpy_Skin_Disease_Country_situation_and_capacity_reports
https://www.researchgate.net/publication/321422161_Lumpy_Skin_Disease_Country_situation_and_capacity_reports
file:///C:/Users/91966/Desktop/../Downloads/urekamag.com/research/000/148/000148832.php
file:///C:/Users/91966/Desktop/../Downloads/urekamag.com/research/000/148/000148832.php
https://pubmed.ncbi.nlm.nih.gov/21699920/
https://pubmed.ncbi.nlm.nih.gov/21699920/
https://pubmed.ncbi.nlm.nih.gov/21699920/
https://www.sciencedirect.com/science/article/abs/pii/S03681742598001
https://www.sciencedirect.com/science/article/abs/pii/S03681742598001
https://www.sciencedirect.com/science/article/abs/pii/S03681742598001
https://pubmed.ncbi.nlm.nih.gov/36097711/
https://pubmed.ncbi.nlm.nih.gov/36097711/
https://pubmed.ncbi.nlm.nih.gov/36097711/
https://pubmed.ncbi.nlm.nih.gov/36097711/
https://pubmed.ncbi.nlm.nih.gov/36097711/
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1831-y
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1831-y
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1831-y
https://www.semanticscholar.org/paper/Detection-of-antibodies-against-Lumpy-skin-disease-Samojlovi%C4%87-Pola%C4%8Dek/92cbe35ae3941c9ff7b879cf38be69af97d5b7bb
https://www.semanticscholar.org/paper/Detection-of-antibodies-against-Lumpy-skin-disease-Samojlovi%C4%87-Pola%C4%8Dek/92cbe35ae3941c9ff7b879cf38be69af97d5b7bb
https://www.semanticscholar.org/paper/Detection-of-antibodies-against-Lumpy-skin-disease-Samojlovi%C4%87-Pola%C4%8Dek/92cbe35ae3941c9ff7b879cf38be69af97d5b7bb
https://www.researchgate.net/publication/332845061_Comparative_efficacy_of_two_heterologous_capripox_vaccines_to_control_lumpy_skin_disease_in_cattle
https://www.researchgate.net/publication/332845061_Comparative_efficacy_of_two_heterologous_capripox_vaccines_to_control_lumpy_skin_disease_in_cattle
https://www.researchgate.net/publication/332845061_Comparative_efficacy_of_two_heterologous_capripox_vaccines_to_control_lumpy_skin_disease_in_cattle
https://ijvst.um.ac.ir/article_29554.html
https://ijvst.um.ac.ir/article_29554.html
https://ijvst.um.ac.ir/article_29554.html
https://ijvst.um.ac.ir/article_29554.html
https://pubmed.ncbi.nlm.nih.gov/31300101/
https://pubmed.ncbi.nlm.nih.gov/31300101/
https://pubmed.ncbi.nlm.nih.gov/31300101/
https://pubmed.ncbi.nlm.nih.gov/31300101/
https://pubmed.ncbi.nlm.nih.gov/31300101/
https://www.researchgate.net/publication/318664639_Evaluation_of_antibody_response_to_Goat_Pox_cell_culture_vaccine_in_goats_in_India
https://www.researchgate.net/publication/318664639_Evaluation_of_antibody_response_to_Goat_Pox_cell_culture_vaccine_in_goats_in_India
https://www.researchgate.net/publication/318664639_Evaluation_of_antibody_response_to_Goat_Pox_cell_culture_vaccine_in_goats_in_India
https://www.journalijar.com/article/8751/preliminary-study-for-preparation-of-combined-attenuated-vaccine-against-sheep-pox-and-ppr-viruses/
https://www.journalijar.com/article/8751/preliminary-study-for-preparation-of-combined-attenuated-vaccine-against-sheep-pox-and-ppr-viruses/
https://www.journalijar.com/article/8751/preliminary-study-for-preparation-of-combined-attenuated-vaccine-against-sheep-pox-and-ppr-viruses/
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1983-9
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-019-1983-9
https://pubmed.ncbi.nlm.nih.gov/3029848/
https://pubmed.ncbi.nlm.nih.gov/3029848/
https://pubmed.ncbi.nlm.nih.gov/3029848/
https://www.ejmanager.com/mnstemps/39/39-1448219373.pdf
https://www.ejmanager.com/mnstemps/39/39-1448219373.pdf
https://www.ejmanager.com/mnstemps/39/39-1448219373.pdf
https://www.researchgate.net/publication/310438575_Capripoxviruses_of_Small_Ruminants_Current_Updates_and_Future_Perspectives
https://www.researchgate.net/publication/310438575_Capripoxviruses_of_Small_Ruminants_Current_Updates_and_Future_Perspectives
https://www.researchgate.net/publication/310438575_Capripoxviruses_of_Small_Ruminants_Current_Updates_and_Future_Perspectives
https://www.researchgate.net/publication/310438575_Capripoxviruses_of_Small_Ruminants_Current_Updates_and_Future_Perspectives
https://www.researchgate.net/publication/310438575_Capripoxviruses_of_Small_Ruminants_Current_Updates_and_Future_Perspectives
https://www.researchgate.net/publication/310438575_Capripoxviruses_of_Small_Ruminants_Current_Updates_and_Future_Perspectives
https://pubmed.ncbi.nlm.nih.gov/19524427/
https://pubmed.ncbi.nlm.nih.gov/19524427/
https://pubmed.ncbi.nlm.nih.gov/19524427/
https://www.sciencedirect.com/science/article/abs/pii/S0065352718300034
https://www.sciencedirect.com/science/article/abs/pii/S0065352718300034
https://pubmed.ncbi.nlm.nih.gov/22474485/
https://pubmed.ncbi.nlm.nih.gov/22474485/
https://pubmed.ncbi.nlm.nih.gov/19303387/
https://pubmed.ncbi.nlm.nih.gov/19303387/
https://pubmed.ncbi.nlm.nih.gov/19303387/
https://pubmed.ncbi.nlm.nih.gov/3022361/
https://pubmed.ncbi.nlm.nih.gov/3022361/
https://pubmed.ncbi.nlm.nih.gov/29941325/
https://pubmed.ncbi.nlm.nih.gov/29941325/
https://pubmed.ncbi.nlm.nih.gov/29941325/
https://pubmed.ncbi.nlm.nih.gov/29941325/
https://pubmed.ncbi.nlm.nih.gov/34117312/
https://pubmed.ncbi.nlm.nih.gov/34117312/
https://pubmed.ncbi.nlm.nih.gov/34117312/

