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In this review the authors analyzed the sheep pox disease, which occurs outbreaks all over the world
particularly in Asia and Africa causing substantial losses in trade of animal and animal products. They
categorized the sheep pox disease is one of the prioritized groups of diseases against which the World
Organization for Animal Health is fighting. Data concerning a sheep poxes’ history, epidemiology, epi-
zootiology, mortality and economic impact, clinical and pathological signs, features of capripoxvirus
that forms the disease are given. Diagnosis treatment and vaccine have been investigated as well. The
main conclusion is done according which the designing of new vaccine generation against the sheep pox
disease could be as an alternative approach against sheep pox.

Key words: Sheep pox, synthetic peptide vaccines, Capripoxvirus, Polymeric adjuvant.

SHEEP POX DISEASE

Sheep pox disease is a highly contagious
viral disease characterized by lesions of the
skin. The virus of this disease causes lesions
or scarring on the skin, infections of the
respiratory tract, damage to skin and wool
of the animal, reduction in milk production,
weight gain, in wool quality, increases
abortion rates [1-3]. It has been reported
that the pathogen can be transmitted via air,
saliva droplets, flowers strewn, milk and,
natural infection transmits by droplet from
animal to animal, in some cases insects may
play a role as a vector and after the virus
infects the organism, viremia occurs and
which allows it to spread to the whole body
[4]. Currently, sheep pox virus is classified as
a potential bioterrorism agent because of its
ability to use blood-sucking insects as vectors
by United States Department of Agriculture
[4, 5]. Furthermore, sheep pox disease is one
of the main diseases requiring immediate
solution classified as a Group A Disease by the
World Organization for Animal Health (OIE).
OIE limits the trade of livestock, meat and

meat products in countries that have had an
epidemic of this disease which can cause severe
economic losses [6, 7].

History and Epidemiology

History of the sheep pox disease is almost
as old as history of human pox disease; it
dates back to the 2" century BC. However
first pathological studies on the disease were
made in the mid-18th century [8, 9]. A lot of
sheep pox outbreaks were seen in the United
Kingdom between 1847-1866 and the disease
was eradicated from the country in 1866 [8,
10]. Sheep pox outbreaks were reported in
Italy in 1983, in Greece between 1989-1990,
in Norway in 1879, largely in Europe during
World War I and reported many Asian and
African countries in 20% century [8, 9,
11]. Although sheep pox disease has been
eradicated in many European countries today,
it still is prevalent in many Middle Eastern
countries including Turkey. In regions where
regular vaccination does not take place and
where the animal mobility is high the disease
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Fig. 1. a — global distribution of sheep pox disease, spread of the disease is shown by red arrows;
b — outbreaks in Turkey, Bulgaria and Greece were shown in 2013—2014 [15]

occurs as seasonal epidemics with high
mortality rate (Fig. 1, a) [8, 10, 12, 13]. In
recent notifications, it has been reported
that sheep pox has spread to Eastern Europe
from Bulgaria, Greece and Turkey in 2012-
2013 (Fig. 1, b). According to 2015 reports,
it was seen that several sheep pox cases in
Kyrgyzstan whose large part of economy is
based on livestock [14]. Also, the outbreaks
caused by virus continue in especially south-
eastern region of Turkey due to effects of
climate change on abundance and distribution
of mechanical vectors population [15].

Mortality and Economic Impact

Sheep pox is the most important group
among other poxviruses due to its high
mortality rate, serious economic consequences,
trade restrictions in the countries that
occurred outbreaks [11, 16]. Data obtained
from the latest epidemic in Greece was used
to follow the course of the disease by OIE. OIE
reported that 82 sheep pox outbreaks (1,472
cases of 17,735 suspects and 250 dead sheep)
were recorded in Greece between August
2013 and January 2014 and at the same time,
3 outbreaks were observed and 558 possible
sheep cases in Bulgaria. Based on these data,
OIE reported that the number of outbreaks is
expected to double within a year resulting in
164 sheep-pox outbreaks. It was reported that
the risk of a spreading of sheep pox due to lack
of precaution is high because some animals
may not show any symptoms according to the
degree of the disease [17].
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Sheep pox mortality rate varies between
5-10%, the ratio can reach to 50% in young
animals. While native races have natural
immunity against viruses, particularly
European races are more susceptible to disease
and can show high mortality as 100% [11, 16,
18, 19].

Ethology

Sheep pox virus belongs to Capripoxvirus
the genus in the Poxviridae family [20].
The DNA structure of this virus is cubic and
enveloped. Sheep pox viruses have common
antigenic structure with goat pox and lumpy
skin diseases pathogens. These viruses
have identical serological structure and
serologically cross-react with each other. In
previous studies, it was reported that these
pathogens can be distinguished from each
other by size however a recent study showed
that there is no significant difference in size
between these viruses and that all virion have
an oval shape with average size of 294x273 nm.
Sheep and goat pox are considered as a single
disease by the OIE [1, 4, 7, 12, 16, 19, 21].
Virion dimensions are about 300x270x200 nm,
its genome consists of double-stranded DNA of
15 kb in length [19, 22]. It has an envelope and
cubic structure [12]. Despite the fact that the
natural host of viruses is sheep, there are two
types of sheep pox viruses. One of these is just
specific to the host, other can cause disease
in both sheep and goats [8]. Capripoxvirus
is extremely resistant to drying, freezing,
thawing and can survive in lyophilized
form for months [9]. It is sensitive to ether,
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chloroform, heat and chemical substances.
The agent inactivates in a short period of time
when exposed to direct sunlight [12].

Epizootiology

Sheep pox disease is a very contagious
disease. It spreads through contact with lesions
or contaminated material (wool, bait, etc.). The
virus may spread via nasal secretions, milk and
urine. During an outbreak, the pathogen can
easily spread to uninfected animals through
infected droplets. Grassing of animals in open
air accelerates spreading of the disease by
generating thermal stimulus effect through
ultraviolet rays combined with hot air. Skin
damages caused by shrubs and barbed plants
in grazing animals is an another parameter
that accelerates the spread of the disease in
pastures [8]. The virus can be easily transported
mechanically through joints and formites [22].

Pathology and Clinical Findings

After a 4 to 8 days of incubation period,
sheep pox disease presents itself with a
few symptoms such as increase in body
temperature, rates of heart beating and
respiratory, oedema in the eyelids, nasal flow,
anorexia, tears, cough, salivary secretion,
lung inflammation and skin lesion a few days
later than aforementioned symptoms [8, 23].
Formation of lesions highly increases the
transmission rate. Lung lesions are considered
as the most important cause of death [10].
Blood poisoning or secondary bacterial
infections, occurring during the fever skin
eruption, can lead to the death of the animal
[18]. In addition, it is reported that severe
brucella, tendovaginitis, orchitis, puppocking
and peripheral paresis can occur after the
sheep pox disease [8].

Diagnosis, Protection and Treatment

Sheep pox disease does not have any
specific treatment. The spread of disease can
be prevented by isolating of infected animals
and herds, commercial restrictions, taking
quarantine measures and disinfection. The
disease begins to show clinical signs after a
1-2 week of incubation period in its regular
course [9]. Clinical signs sometimes can be
confused with other infectious or metabolic
diseases such as ecthyma, blue tongue, peste
des petits ruminants, photosensitization,
dermatophytes, insect sting, parasitic
pneumonia, caseous lymphadenitis, mange.
Because this disease must be notified in many
countries, laboratory diagnosis is obligatory
for the termination of quarantine application

[56]. Diagnosis of the disease is usually based
on clinical signs, pathology, and host-specific
effects. Capripox virus exhibits change in
host specificity and pathogenesis. Since sheep
pox virus is serologically identical, their
unequivocal identification depends exclusively
on molecular techniques. Several PCR methods
are developed and used for the sensitive
detection of sheep pox DNA in field clinical
samples such as blood, ovine nasal, ocular or
rectal swabs [24, 25]. Especially many studies
have been performed with real time polymerase
chain reaction which is advantageous in
many ways [26, 27]. However, they are not
deployable in less equipped rural diagnostic
settings and the loop mediated isothermal
amplification assay would be of choice over
these assays [28]. Also in the recent years,
ELISA assay has been used [12, 20].
Vaccination is the most effective protection
way for sheep pox disease. First vaccination
against sheep pox disease was made as
ovulation which was applied by infected
scab material onto the scratch formed on the
bottom or subcutaneous inoculation of the
suspension prepared in glycerinated saline.
This application has been used in the Indian
and Mid-Asian countries for centuries until
commercial vaccination was possible [10].
Capstick and Coackley showed that single
capripoxvirus vaccine can be used to provide
protection in sheep, goats and cattle [29].
Following this study, Davies et al. developed
the attenuated capripoxvirus vaccine to
provide protection for sheep, goat and cattle in
Kenya[30]. Kitching and colleagues developed
the strain isolated during the Kenyan outbreak,
which provided an effective protection [11,
18]. Over the years, there have been a lot of
vaccines developed for the sheep pox disease
through isolation from attenuated virulent
strains [8, 10, 11]. However, European Union
(EU) member states introduce restriction to
use of SPPYV live vaccine. It has been reported
that some attenuated live vaccines induced
severe reactions at the injection site or even
mild disease in vaccinated animals. Poor
quality live vaccines may also serve as vehicles
for extraneous virus contaminants [31].
Recently, studies on new generation
vaccines have gained importance in order
to avoid the disadvantages of conventional
vaccines. Conventional vaccines have some
disadvantages such as causing local reactions
due to high viscosity of aluminium hydroxide
and oil adjuvants, necessity to use in large
and multiple doses, using an inactivated or
weakened virus which can lead to infection.
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Because of these reasons, new generation
vaccines produced by DNA technology and
synthetic peptide opened a new page in modern
medicine [21, 23, 32].

NEW GENERATION VACCINES

Vaccines have an important role in
preventive medicine and in control of
infectious diseases. Vaccination began with
the discovery of pox vaccine by Edward
Jenner in the 18" century. It is preferable
using veterinary vaccines because it is strong,
reliable, biologically stable, cheap and easy
to apply it provides long-term immunity, it
has fewer side effects. The main purpose of
vaccination in livestock is to increase the
population immunity more than individual
immunity and effect of the vaccination is
measured with herd immunity. High immunity
rate in the herds reduce the spreading rate of
the infection. For this reason, it is aimed that
a more effective, reliable and with improved
quality vaccine to be developed using sciences
such as molecular biology, immunology and
biotechnology in the recent years [21, 32—34].
This new approach focuses on only the
antigenic region is obtained and purified by
tissue purification, chemical synthesis and
genetic engineering methods rather than
entire microorganism. The advantages of
these vaccines are that they are not infectious
because the viable microorganism is not used;
they are economical, easy to store and can be
stored for a long time. In addition, single-dose
administration can be sufficient with adjuvant
agent to provide adequate immunological
response [21, 33].

DNA Vaccines

DNA vaccines include the antigenic
protein expressing genes from bacteria, virus
and parasitic microorganisms on expressive
plasmid vectors which are injected into the
organism followed by expression of this genetic
material within the cells [35]. The principle of
any gene transfer and vaccine development
related to this methodology or gene therapy
is to identify the vector which will carry
the desired gene into the cell. DNA vaccines
stimulate both TH 1 T cell and CD8+ T cell-
mediated cytotoxicity [36].

Some concerns about the safety of DNA
vaccines are also discussed in the scientific
community. One of the concerns is the
integration of plasmid DNA into cellular DNA.
However, nowadays it has been discussed that
integrated DNA vaccines cause insertional
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mutation which can cause activation
of oncogenes or inactivation of tumour
suppressor genes. Another concern is; specific
DNA sequences induce anti-DNA antibodies
and lead to autoimmune diseases. The issue of
antibiotic resistance is also brought up when
discussing DNA vaccine and it was reported
that the use of DNA vaccines may be limited
due to possible transfer of the gene antibiotic
resistance from carrier bacteria [37].

Recombinant Vaccines

In this method, the genes encoding
the antigenic proteins of the microbes are
determined and these genes are transferred in
to a carrier cell where they are synthesized in
abundant quantities [38]. Recombinant vaccine
studies continue against sheep pox disease. In
studies, at least 12 immunogenic proteins have
been detected in sheep pox virus and evaluated
immunogenicity and neutralizing activity
of the virus, which are considered to use for
recombinant vaccine studies [39].

Recombinant vaccines have more of a
limited stimuli effect in general and local
immunological response and cytotoxic T cell
response because they are not capable of in
vivo replication and colonization. Also, they
have a risk of inability in providing effective
protection against infectious agents showing
long-lasting and antigenic variations because
of a limited number of antigens contained
[40, 41].

Viral Vector Vaccines

Living recombinant vector wvaccines
consist of non-pathogenic or genetically
modified microorganisms which are capable of
expressing one or more conserved genes from a
different microorganism. These vectors do not
have risk of turning into the original virulent
subspecies and are not pathogenic even in
hypersensitive animals [33].

Synthetic Peptide Vaccines

In this method, peptides are composed out
of 20 to 30 amino acids representing the specific
epitope sequence of the pathogenic antigen.
These sequences have a highly attractive design
for the construction of site specific antibodies.
For the sheep pox virus, the P32 is a structural
protein presented in all capripoxvirus isolates
and contained a major antigenic determinant.
EAKSSIAKHFSLWKSYADADIKNSENK
(92-118) and FHNSNSRILFNQEN NNFMYS
(156—-175) residues of this protein demonstrate
strong antigenic properties for B cells
[20]. These sequences consist of 27 and 20
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amino acid residues; molecular weights are
3068.39 g/mol and 2476.67 g/mol and
contain 59% and 60% hydrophilic residues,
respectively. Molecular weight and properties
of sequence were calculated by using
BACHEM’ peptide calculator [42].

Synthetic peptide wvaccines do not
require any infectious agent and they can be
chemically defined if some of their advantages.
Because the peptide sequence is synthesized
chemically it is not possible for it to mutate
like those in viruses. These vaccines have
no risk of contamination and with chemical
modifications the stability of the peptide
can be increased and its’ side effects can be
reduced. Vaccines produced by this method
are not only safe but also cheaper; it does not
contain expensive and demanding processes
such as isolation, production and attenuation
of microbiological organisms [43—-47]. Many
peptide vaccine studies such as HIV, Hepatitis C,
Anti-cancer, Malaria, Influenza, Anthrax,
Screed, HPV, Pancreas, Melanoma, Zika
vaccines are ongoing [44, 48, 49].

Chemical synthesis of peptides is carried
out by two methods; conventional solution
method and solid phase method. Solid phase
Peptide Synthesis method (SPPS) was
developed by Bruce Merrifield in 1962. In
1984, he was awarded Nobel Chemistry Prize
for his work. Merrifield also developed the
first semi-automated peptide synthesis device
[50]. SPPS method is based on the principle
that the growing chain (peptide or other
type of oligomer) is attached to a stationary
and solid particle (called the solid phase,
or resin) and remains attached to this resin
during synthesis. Other soluble chemicals
during synthesis are removed by filtration
and washing. At the final stage, the desired

product is separated from the solid phase
and purification and characterization are
performed [51]. Microwave-assisted solid phase
peptide synthesis has been used frequently in
recent peptide studies. Microwave assisted
heating prevents the aggregation problem of
chain of peptides growing on the resin [60-52].

Even though synthetic peptide vaccines,
have advantages in many aspects compared
to classical and recombinant vaccines, the
immunogenic properties and the residence
time in the body is limited due to the small
molecular size of the peptides [53]. Binding
these peptides to carrier molecules in order
to solve these limitations and develop new
generation vaccines is one of the current
research areas. The key steps of creating a
new generation vaccine are, detecting the
antigenic sites on the surface proteins of
viruses, producing them with synthetic
methods and using them most effectively
in the organism with the appropriate
carrier molecule (Fig. 2). Mustafaev et al.
showed that polyelectrolytes in linear form
can be used to increase immunogenicity
because it increases the production of
antibodies against synthetic peptides
[64—56], polyacrylic acid (PAA) [57-59], poly
N-isopropylacrylamide (NIPAA) [60, 61],
poly(methyl vinyl etherco-maleic anhydrate)
[62, 63], polycarboxymethylcellulose (CMC),
polyvinylpyridine-polysethylpyridine and
poly (N-vinyl-2-pyrrolidone-acrylic acid)
[46, 64—66] copolymers are commonly used
as linear carriers and such polyelectrolytes
exhibit both carrier and adjuvant properties
for the peptide molecule. The conjugation
of synthetic peptides to natural or synthetic
macromolecules has great importance in a wide
range of fields in medicine and biotechnology

Fig. 2. Representation of the action mechanism of new generation vaccines system
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such as drug release, immobilized enzymes,
affinity-based immunoassay studies, synthetic
vaccine production [54—-56].

So, in this review, information about
sheep pox disease which can still emerge as
epidemics in many regions today and can
cause animal deaths and economic losses
have been given. In the light of these data
and with the developments achieved in
biotechnology, molecular biology, immunology
and medicine one of our primary goals is
designing a more efficient and cheaper new
generation vaccine system in order to prevent
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IIIIXOIA J0 PO3POBJIEHHSA
BAKITMH HOBOTO ITIOKOJITHHS
ITPOTH BICITHA OBEIIbH

E.®. Huamas!
I1.11. Apaitultu1
A. M. M aeeppamoe2
3. Mycmagaesa®

lﬂnnnns TexHiuHU#N yHiBepcuTeT, CTamoOy.I,
Typeuunna
?BakuncbKUit IepsKaBHUI YHiBEPCUTET,
ABgepbaiig:xan

E-mail: zmustafaeva@yahoo.com

B orasai aBropamu 3xificHeHO aHaJi3 3a-
XBOPIOBAHHSA BicIW OBEIlb, IO COPUUYUHIOE
enigemii B ychoMy cBiTi, ocobsmBo B A3ii Ta
A@puni, Ta 1pu3BOAUTH 40 BeJIUKUX BTPAT Y
TOPriBJi TBapuHaMu i OIPOAYKI[i€el0 TBapUH-
HUNTBa. Bicmy oBelb BifHeceHO A0 OAHiel 3
HaWbiJbII IPiOpUTETHUX I'PYH 3aXBOPIOBaHb,
OPOTHU SAKUX IIPOBOAUTL 00poThOYy BcececBiTHA
opramisaris oxopoHu 310poB’a TBapuH. Hase-
IeHOo maHi momo icTopii mMporo 3axBOpHOBaHHS,
enimemiosorii, emigdoriosorii, cmepTHOCTI Ta
€eKOHOMIUHMX 30UTKIiB, KJAiHiUHMKX i maToJoriu-
HIUX CUMITOMIiB, BJIACTHBOCTEH KapHimOKCBi-
pycy, SKMH COPUUYMHIOE Ile 3aXBOPIOBAaHHI,
HOJaHO TAaKOK CXeMYy JIiKyBaHHA i po3po06Jio-
BaHi Baknmuuu. Ha migcTaBi HaBegeHUX JaHUX
3p06JIeHO BUCHOBOK IIO0 HEOOXigHOCTI po3po-
OJIeHHA BAKITMH HOBOTO IMMOKOJIiHHSA IPOTH Bicmiu
OBeIlb, II10 MOXKe O0YyTU aJbTepHATUBHUM ITi[XO0-
IOM IO B)Ke iCHYyIUHnX.

Knrmouwoei cnoea: 3axBOpIOBAHHA Biclla OBellb,
CUHTEeTHUYHI MeITUAHI BAKIITHY, KaPIIiIIOKCBipyc,
HoJIiMepHUH ax I0OBaHT.

IIOIXOIbI K PASPABOTKE
BAKITMH HOBOT'O TOKOJIEHUS
IIPOTHB OCIIBI OBEIT

9. P. Hotamas*
I1.11. Apaabwbtl
A.M. M aeeppamoe2
3. Mycmagaesa®

Ybu1aB13 TEeXHUUECK Wit yHusepcuret, Ctamo0y.i,
Typrus
2BakMHCKUH roCyfapCTBEHHBIN YHUBEPCHUTET,
Aszepbaiimxan

E-mail: zmustafaeva@yahoo.com

B 0630pe aBTOpamMu OCyIlecTBJEH aHAJIU3
3a00JIeBAHUA OCIIBI OBEI[, KOTOPO€ BHI3LIBAET
STMUAEMUN BO BCeM MUpPeE, 0COOEHHO B A3uu U
Adpuke, 4TO IPUBOAUT K OOJBINUM IIOTEPAM B
TOPTOBJIe KUBOTHLIMU U HNPOAYKIIMEN KUBOT-
"HoBoacTBa. Ociia oBel[ oTHeceHa K OJHOM u3
HauboJiee IPUOPUTETHBIX I'PYIII 3a00JeBaHNII,
MIPOTUB KOTOPBIX IIPOBOAUT 00ps0Yy Becemupuas
OpraHMW3aIusd 110 OXPaHe 3JOPOBhA JKUBOTHBIX.
IIpuBeseHBI HaHHBIE OTHOCUTEJNBHO HCTOPUU
3TOrO0 3a00JIeBaHNA, SIIUAEMUOJIOTUN, SIIU30THO-
JIOTUY, CMEPTHOCTH U 9KOHOMUYECKOro yIrepoa,
KJIMHUYECKUX U IaTOJOTUUYECKUX CUMIITOMOB,
CBOMCTB KaPIHUIIOKCBUPYCa, KOTOPLIil BLISHIBAET
aTO 3ab0JieBaHUe, IPEeJCTAaBJIEHBI TAKKE cXeMa
JeueHUA U paspabaTeiBaeMble BakIuubl. Ha oc-
HOBAHUU NMPUBEAEHHBIX TaHHBIX CHIeJIaH BBIBOJ
0 He0OXOAMMOCTHU Pa3paboTKM BaKIH HOBOTO
MMOKOJIEHUS IIPOTUB OCIIBI OBEIl, YTO MOYKET ObITH
aJIbTePHATUBHBIM ITOAX0A0M K YK€ CYIIeCTBYIO-
IIVM.

Knrouesvie cnosa: 3abojieBaHne ociia OBell, CHUH-

TeTUYEeCKUEe TeNTHUIAHbIe BaKIWHBI, Kaplu-
IIOKCBUPYC, IOJIMMEPHBIN aIbIOBAHT.
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