
www.academicjournals.com



   OPEN ACCESS Asian Journal of Animal and Veterinary Advances

ISSN 1683-9919
DOI: 10.3923/ajava.2016.757.770

Review Article
Capripoxviruses of Small Ruminants: Current Updates and Future
Perspectives

Aparna Madhavan, G. Venkatesan and Amit Kumar

Pox Virus Disease Laboratory, Division of Virology, Indian Veterinary Research Institute, 263 138 Mukteswar, Nainital District, Uttarakhand,
India

Abstract
Sheeppox and goatpox collectively known as capripox are systemic infectious diseases of small ruminants affecting agricultural economy
and livelihood of the farmers in endemic regions. Capripox diseases are notifiable to Office International des Epizooties and enzootic in
many parts of Africa, Middle East and Asia including Indian sub-continent along with possibility of incursion into Europe from Middle-East
regions as transportation of infected animals. They cause high morbidity (75-100%) and mortality (50-100%) in affected sheep and goats
depending on virulence of strains, host immunity, breed and environmental factors. They incur severe economic losses to livestock
industry affecting small and marginal farmers of developing world. In enzootic countries like India, prompt and unequivocal diagnosis
along with well-organized vaccination and effective bio-security are main control measures to contain the disease. It is necessary to
update knowledge on sheeppox and goatpox diseases of small ruminants and recent developments in diagnostics and vaccines including
recombinant DNA approaches needed to control them. In future, there is a need to develop DIVA vaccines with companion serological
assay  along  with  molecular  epidemiology  tools such as differentiation of sheeppox and goatpox along with development of robust
high-throughput diagnostics. In this study, the current geographical distribution, economic impact, epidemiology, updates on available
diagnostics and vaccines to control capripox were reviewed along with future perspectives.
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INTRODUCTION

Sheeppox and goatpox are OIE notifiable and
economically  important  transboundary  diseases  of  sheep
and goats, respectively. The causative agents, sheeppox virus
(SPPV) and goatpox virus (GTPV) are members of the genus
Capripoxvirus  of the family  Poxviridae  along with Lumpy
Skin Disease Virus (LSDV) of cattle, the other member of the
genus1. Clinically, these infections are characterized by
generalized pox lesions throughout the skin and mucous
membranes, persistent fever, lymphadenitis and often a focal
viral pneumonia. Sheeppox and goatpox are enzootic in Africa,
particularly to the North and West of the Sahara, in Middle and
Far-East and in Indian sub-continent (Fig. 1). Outbreaks of
sheeppox and goatpox occur frequently in India incurring
economic  losses  to  the  sheep  and  goat  industry  with
average morbidity and mortality rates of 63.5 and 49.5%,
respectively2. These diseases pose economic impact directly
by causing high morbidity and mortality and indirectly by
reduced reproductive performance and quality of wool and
meat posing non-tariff barriers on international trade3.
Capripoxviruses (CaPVs), although indistinguishable by
serological means, can be differentiated by molecular tools
such as restriction endonuclease analysis4 (REA) and
Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP)5. The majority of SPPV and GTPV
strains show a host preference with severe disease in
heterologous host compared to milder disease in
heterologous host, but some strains do cause disease in both
sheep and goats6,7. In the Indian sub-continent, sheeppox and
goatpox   appear   to   be  caused  by  separate  viruses  and  no

single virus that can cause disease in both sheep and goats in
a mixed flock under natural conditions has thus far been
identified5. Therefore, it may not be justified to refer sheeppox
and  goatpox  as  a  single  disease.  Although,  clinical  signs
are  indicative  of  the  disease  but  a  laboratory  confirmation
is  necessary  for  unequivocal  diagnosis  and  studying
epidemiology due to cross-infectivity8. Prophylaxis using live
attenuated vaccines is the choice of control measure as the
immunity   is   long   lasting.   This   study   emphasizes  on
disease  epidemiology,  pathogenesis,  diagnosis  including
recombinant protein based techniques, vaccines and control
strategies that would help in updating the scientific
knowledge on capripox diseases of sheep and goats.

HISTORY AND GEOGRAPHICAL DISTRIBUTION

Goatpox was reported first time by Hansen in 1879 from
Norway9 while sheeppox was originated in Central Asia and
spread to many Western countries10. In India, goatpox was
reported for the first time in India in 1936 from Indian
Veterinary Research Institute, Izatnagar (then, Imperial
Institute of Veterinary Research). Later goatpox was reported
from most of the states which includes Haryana11, Uttar
Pradesh12, Orissa13, Madhya Pradesh14,15, Tamil Nadu16 and
Maharashtra17. An outbreak of sheeppox was first reported in
Tamil Nadu, then from Bombay18 and Mysore19. Sheeppox has
been reported from almost all the states of the country7,20-27.
Both sheeppox and goatpox are reported in all the states and
there  are  no  confirmed reports of capripox infections in
North-Eastern region of India so far (Fig. 2). Goatpox has also
been     reported     as     mixed    infection    with    PPR    or    orf

Fig. 1: Global distribution of sheeppox and goatpox (Grey areas)
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Fig. 2: Map showing geographic distribution of sheeppox and goatpox in Indian states (Grey areas)

simultaneously  or  by co-infection in goats was reported15,28,29.
Globally, the geographical range of sheeppox and goatpox
includes Africa above the equator, Middle East, Turkey, Iran,
Iraq and most Indian sub-continent including China and
occasional outbreaks occur in regions of Europe surrounding
the Middle-East like Turkey, Greece and Bulgaria2. The most
recent outbreaks occurred in Vietnam in 2005, Azerbaijan in
2009, Turkey, Bulgaria and Mongolia30 in 2008 and 2009 and
Morocco31 in 2014.

ECONOMIC IMPACT

A CaPV disease outbreak would potentially cause
considerable economic losses due to disruption of trade in
livestock and livestock products, as well as costs associated
with disease control and eradication32,33. They are associated
with significant production losses due to high morbidity,
decrease in weight gain, abortion, damage to wool and hides,
high  contagiousness  and  high  mortality  rate34.  In  India,
annual  losses  in  Maharashtra  state  alone  was  estimated  as
Rs. 107.5 million due to CaPV infections with average mortality
and morbidity and extrapolated annual loss in the country due
to capripox in sheep and goats will be INR 1250 million35. It
was calculated that it took 6 years for a flock in India to recover
from an outbreak of sheeppox with 49.5% mortality rate35. In
countries for which CaPV is exotic, the economic costs would
be substantial due to trade restrictions and comparable to foot
and mouth disease outbreaks33,36. Economic analysis for losses
arising out of sheeppox have indicated that some variables
such as number of adult animals affected, number of days of

illness and flock size are significantly influencing the losses37.
New outbreaks of sheeppox, goatpox and lumpy skin disease
(LSD) in previously free regions are immediately notifiable
diseases under OIE guidelines. In addition, CaPVs are listed by
United States Department of Agriculture as potential animal
biological welfare agents34.

ETIOLOGY AND GENOMIC ORGANIZATION

Capripoxvirus (CaPV) genus belongs to sub-family
Chordopoxvirinae and family Poxviridae. It comprises of
sheeppox virus (SPPV), goatpox virus (GTPV), lumpy skin
disease virus (LSDV) which cause disease in sheep, goats and
cattle, respectively38. These viruses are considered as
reportable agents to World Organization for Animal Health
(OIE) due to their potential for significant economic impact on
livestock industry.

Virions are brick shaped, enveloped with complex
symmetry and about 300×270×200 nm in size. Double
stranded genomic DNA is about 154 kbp size1 with less
variable central region bounded by two identical Inverted
Terminal Repeats (ITR) at the ends39-41. Within subfamily
Chordopoxvirinae,   CaPVs   have   highest   A-T   content   i.e.,
73-75%. An extensive DNA cross hybridization between
species of the genus is reported42. Viral genome shares 147
putative genes which encode proteins of 53-2,027 amino acids
in size likely involved in replication, structure, virulence and
host range functions. The SPPV, GTPV and LSDV exhibit 96%
nucleotide and amino acid identity over their entire length40,43

and  9  LSDV  genes  with  probable  virulence  and  host  range
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functions are disrupted in SPPV and GTPV. Both SPPV and
GTPV are likely derived from LSDV like ancestor but they
possess specific nucleotide differences suggesting that both
are phylogenetically distinct. The coding region of CaPV
genome has 1-156 ORFs in which central ORFs (024-123) are
conserved genes involved in replication and transcription
mechanisms44  whereas,  the  terminal  ORFs  (001-023  and
124-156) are variable in nature involving in host immune
evasion and host-range functions39. Recent hypothesis
suggests that GTPV and LSDV are more closely related to each
other than to SPPV and they are emerged from a common
ancestor close to SPPV based on the phylogenetic studies on
different genomic segments5,45,46. Moreover, GTPV and LSDV
lineages show more diversity than SPPV due to split from
common ancestor and differences in selection pressure
experienced in different host species46.

PHYSIOCHEMICAL PROPERTIES

CaPVs  are    generally    resistant    to    drying   and
freezing-thawing. Sensitivity of heat differs between isolates8.
Infectivity of virus is sensitive to ether, trypsin, chloroform and
formalin47,48. Virus can be destroyed at 56EC for 2 h or 65EC for
30 min but remains viable in wool for 3 months. High alkaline
and acidic pH is detrimental to SPPV. Infectivity of virus gets
affected by repeated freezing and thawing49.

EPIZOOTIOLOGY AND TRANSMISSION

Both SPPV and GTPV are considered as host specific. But,
some strains affect heterologous hosts7,48. Goatpox and
sheeppox affect goats and sheep of all ages, both sexes and all
breeds, but are more common and severe in young and old
animals. Young and exotic  animals are more susceptible than
adult and indigenous breed48, respectively. European breeds
are more susceptible to infection with  Capripoxviruses50.  But
in India an outbreak has been reported among indigenous
breeds with high mortality and morbidity than exotic breeds26.
Virus transmission can occur through infected aerosols due to
nasal discharge, conjunctival secretions, saliva, urine and
faeces from infected animals and direct abraded skin contact
or indirectly through mechanical transmission by vectors51.
The extensive involvement of skin and associated viral load
can result in mechanical transmission by insects32,52.  Stomoxys
calcitrans  is capable of transmitting sheeppox and goatpox
mechanically under experimental conditions53. Animals are
most contagious before neutralizing antibodies develop,
which occurs approximately a week after the  onset  of  clinical
signs. Virus can persist on the wool or hair for as long as three
months after infection and possibly longer in scabs52. There is

no carrier stage in infected animals2,48. In a susceptible flock,
morbidity is 75-100% and mortality is 10-58% depending on
the virulence of the isolate48 and can reach up to 100% in
naïve animals. Global climate change could make impact on
further spread of these diseases into naive geographic regions.
The spread of CaPVs into new areas is predominantly
associated with the increase of illegal animal movement
through trade54 as well as inadequate or breakdown of
veterinary services55.

HOST SPECIFICITY

CaPVs  are generally considered to be host specific56.
Some strains found to infect both sheep and goats while, most
SPPV and GTPV isolates  show distinct host preferences with
more severe disease evident in the homologous host6,48,57.
Usually, nomenclature of SPPV, GTPV and LSDV  is based on
animal species from which the virus was first isolated but
cross-species transmission may complicate the situation.
Sheeppox and goatpox are impossible to be distinguished in
physical and serological assays due to their structural and
antigenic relatedness but possible at molecular level targeting
host range genes, virulence genes and immunodominant
genes5,46,58,59. Some African60 and Middle-Eastern61 strains have
equal pathogenicity for sheep and goat. Presence of SPPV
signature residue of P32 gene in goatpox virus infecting goats
in India is seen7. The GTPV associated with disease in sheep
was confirmed in China by P32 and RP030 gene based
species-specific PCR methods58. Two natural outbreaks of
highly species specific SPPV and GTPV occurred in Mongolia
in 2006 and 2008 and the causative strains were different from
previously archived GTPV outbreak strain of 1967. The SPPV
field strains from Mongolia were identical to previously
published P32 gene sequences of SPPV, including strains from
India30. The GTPV field strains from Mongolia were identical to
GTPV strains from China and a recent outbreak in Vietnam6.  In
a study, CaPV outbreaks in sheep and goats in Ethiopia were
solely associated with GTPV62. Neither sheeppox nor goatpox
has been reported in sheep or goats in South Africa where
LSDV is endemic. Surprisingly, there is no evidence for
existence of CaPVs in wild ruminants63. Both the diseases are
not considered as zoonotic agents as there is no clear
evidence of these malignant diseases causing infection in
humans64. However, there are two incidences of goatpox in
human reported merely based on clinical signs during goat
pox outbreak   in  India65  and  Sweden66.  However,  these  two
incidences did not involve any virus isolation and serological
response that can prove them to be differentiated from either
orf or vaccinia virus infections.
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PATHOGENESIS AND CLINICAL SIGNS

Capripox is acute febrile and highly contagious
transboundary viral disease of sheep and goats3,67. In natural
cases, the diseases have an incubation period of 1-2 weeks
with mild to severe clinical signs in infected sheep and goats
depending on breed of host and strains of Capripoxvirus68.
Initial clinical signs include high fever, coughing, salivation,
edema of eyelids, diarrhoea, emaciation, arched back followed
by progressive development of erythematous macules,
vesicles, papules, pustules and scabs on skin with 50% of the
skin surface involved. Lesions  may also develop on mucous
membrane and on internal  organs. However, the lesions are
restricted to a few  nodules  under the tail and are thus only
detected on close examination particularly in enzootic
countries like India48.

The SPPV and GTPV have tropism for skin, lung and
discrete sites within mucosal surfaces of oro-nasal tissues and
gastrointestinal tract with lesser extent, lymphoid tissue.
Tropism of SPPV and GTPV for the skin as well as minor
involvement of liver and spleen suggests that pathogenesis of
capripox is closely resemble smallpox and monkeypox3,69-71.
The SPPV and GTPV disseminate from primary lesion to
draining lymph node and then to systemic circulation with
localization to skin and other tissues by infected monocytes
and macrophages72. Cell-associated viremia starts at the time
of lesion occurrence and lasts until the time of sero-conversion
when host antibodies can neutralize the virus57. Virus
shedding from mucosal surface for up to 3-6 weeks is reported
after the onset of fever3. The disease pathogenesis is
associated with both viral and host factors and the control of
virus replication by the host likely determines the clinical
outcome73.

The animal may recover in 3-4 weeks, with permanent
depressed scars unless secondary bacterial infections
including pneumonia. Post-mortem lesions include tracheal
congestion, bullet-shaped nodules in lungs and increased
quantity of blood tinged pleural fluid. Microscopically,
epidermal changes include hyperkeratosis, ballooning and
degeneration of proliferating epithelial cells and appearance
of “Sheeppox” cells48. There is congestion, red hepatization,
coagulative necrosis surrounded by a zone of inflammatory
reaction and thickening of the interlobular septae in lungs8.

IMMUNITY

Unique characteristic of poxvirus that most progeny virus
remains inside the infected cells with release of few virions
leads to low amount of extracellular virus74. Circulating

antibody derived through natural infection or vaccination
limits spread of virus in the animals but it does not prevent
replication at the site of infection32. Local cell to cell spread of
infection effectively protects the virus from circulating
antibodies. Poxvirus infection or vaccination induce strong or
long lasting immunity through involvement of both humoral
and cell mediated immunity75. Cellular counterpart is the most
remarkable feature of pox viral immunity76 although humoral
immunity also plays a role77. The level of neutralizing
antibodies does not correlate to immune status of a previously
infected or vaccinated animal77. Animals with mild disease or
after vaccination may develop only low levels of neutralizing
antibodies. Animals vaccinated at the age of 6 months were
immune to challenge even after 52 months of vaccination78

although  further  studies  are  needed  to  investigate  the
long-term persistence of CaPV antibodies post-vaccination.
There is no stage of viral persistence following exposure in
sheep and goats48,63. Vaccinated or recovered animals are
immune to exposure of virulent virus and considered to be
life-long against invading virus from field outbreaks2. Passively
transferred colostral or maternal antibodies protect against
generalized infection48.

DIAGNOSIS OF CAPRIPOX

Diagnosis of capripox is done clinically on  basis  of  signs 
and  lesions,  host  species  affected  and post-mortem findings
as described earlier. However, it should be differentiated from
contagious ecthyma, bluetongue, foot and mouth disease,
dermatophilosis/streptothricosis, mange (e.g., psoroptic
mange/sheep scab), photosensitization or urticaria, peste des
petits ruminants, parasitic pneumonia, multiple insect bites
and caseous lymphadenitis8,38 as they cause similar kind of skin
lesions in affected hosts. Therefore, laboratory  confirmation 
using  conventional  including antigen/antibody based tests
and molecular diagnostics is necessary to conclude the
outbreaks.

Virus isolation: Skin papule, lung lesion and lymph node are
the preferable material for virus isolation and antigen
detection  and  are to be sampled on 1st week of occurrence
of   clinical   signs   prior   to   the  development  of  neutralizing
antibodies8. Blood and buffy coat are ideal source of isolation
during viremia stage or before or within 4 days of
generalization48. The Primary Lamb Kidney (PLK) and Primary
Lamb Testis (PLT) are the most commonly used cells for
primary isolation/adaptation of CaPVs79,80. Virus can also be
grown in established cell lines such as Vero cells81,82, MDBK
cells83,84   and   OA3Ts  cell  lines85.  Both  SPPV  and  GTPV  will
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produce similar cytopathic effects like ballooning, high
refractility, rounding, intra-cytoplasmic inclusion bodies,
chromatin  fragmentation,  detachment  and  plaque
formation47. Electron microscopy can be used to identify
capripox   virion   in   skin   lesions   but   to   be   distinguished
from  orthopox  viruses  by  immunostaining86.  Different
CaPVs  vary in their growth on chorio-allantoic membrane.
Laboratory animals do not support growth of CaPVs2,48.

Antigen detection assays: Mostly antigen detection assays
are  based  on  polyclonal  antibodies  to  detect  soluble
antigens  of  CaPVs.  Agar  gel  precipitation  test  (AGPT)87,
counter-immuno electrophoresis (CIE)88 and immuno-capture
ELISA89 based on hyperimmune serum against whole virus90 or
recombinant protein91 were introduced for the detection of
capripox virus antigen. Agar gel immuno-diffusion and
fluorescent antibody test are difficult to interpret because of
the presence of common antigen between capripox and
parapoxviruses92 and lack monoclonal specific antibody
against  Capripoxvirus   specific   antigen.  An
immunohistochemical detection of sheeppox virus antigen in
naturally infected lamb tissues was also established93.

Antibody detection assays: Serology can identify GTPV and
SPPV as  Capripoxviruses,  but cannot distinguish these two
viruses from each other. There are several methods available
to detect poxvirus induced antibodies8. Serological tests
include CIE88, virus neutralization, AGPT, latex agglutination
test94, indirect fluorescent antibody test (IFA), ELISA95 and
immunoblotting96. Virus neutralization is the most specific
serological test, but it is not sensitive. However, it is used to
study the antigenic relationship between SPPV, GTPV and
LSDV and assess the post-vaccinal immune status48. The AGID
and indirect immunofluorescence test are less specific due to
cross-reactivity   with  antibody  to  other  poxviruses.  Western
blotting using the reaction between the P32 antigen of CaPVs
with test sera is both sensitive and specific, but is expensive
and difficult to carry out. The ELISA is widely used to detect
antibodies which are more sensitive than neutralization test97

as neutralizing antibody titers are usually low in pox virus
infection.   So,   it   can   be   used   in  monitoring  the  immune
response of immunized animals and diseased animals98.
Avidin-biotin ELISA and whole antigen based indirect ELISA
have been developed to detect antibodies in infected
animals2,99. Sucrose gradient-purified inactivated SPPV antigen
based I-ELISA has been reported for detection of antibodies to
SPPV, GTPV and LSDV100. To enhance the specificity, indirect
ELISA based on recombinant P32 antigen produced in  E.  coli
cells50   and   yeast101  had  also  been  reported.  Western  blot

analysis based on the antibody response to P32 antigen of
CaPVs to differentiate them from ORFV was established96.
Development of monoclonal antibody based diagnostics
would pave the way for specific and sensitive detection of
Capripoxviruses  in future.

Nucleic acid detection methods: Differentiation from similar
diseases is necessary for disease surveillance and eradication
but it is not possible by conventional virological or
biochemical or serological methods. Several molecular
techniques have been developed in recent past that are
capable for differentiating  Capripoxviruses  in highly specific
and sensitive manner28,29. The PCR based diagnostic
techniques and genome sequencing has provided sensitive
and powerful technique for the identification of infection. The
PCR tests have been developed for the detection of
CaPV5,50,67,102-107. A duplex PCR was reported for simultaneous
detection and differentiation of  Capripoxvirus  from mixed
infection using A29L gene of  Capripoxvirus106.  A highly
sensitive  multiplex  PCR  targeting  DNA  binding
phosphoprotein (I3L) coding gene of CaPV and DNA
polymerase (E9L) gene of ORFV has been developed for
detection and differentiation of sheeppox, goatpox and orf
viruses from clinical samples28. In addition to the above, full
length5 and partial P32108 gene based PCR-RFLP, attachment
and fusion gene specific duplex PCR109, G-protein coupled
receptor   binding   gene   based   real-time   PCR110  and
genomic  sequencing40  are  capable  of  differentiating  the
Capripoxviruses. The real-time PCR assay provides a rapid
sensitive, reliable and robust high-throughput test for CaPV
than conventional PCR111,112. It can detect CaPVs prior to onset
of clinical disease and is comparable to established method of
virus isolation for preclinical detection of CaPV113. The TaqMan
based real-time duplex PCR was developed for simultaneous
detection, differentiation and quantitation of Capripoxvirus
genomes in mixed infection targeting the highly conserved
DNA polymerase gene of viral genome29. Real time PCR assay
using dual hybridization process for genotyping of CaPVs has
been developed110. Loop-mediated isothermal amplification
(LAMP) assay is simple to use, inexpensive, highly sensitive
and is well suited for the diagnosis of capripox in less well
equipped laboratories and in rural settings where resources
are limited114. The LAMP assays targeting different structural
genes like P32115,116 and non-structural genes like Poly (A)
polymerase117, DNA polymerase118 of CaPVs have been
optimized and evaluated for rapid, specific and sensitive
detection of members of CaPVs and to differentiate SPPV and
GTPV119. Performance of these LAMP assays were comparable
to highly sensitive PCR/quantitative PCR assays with no
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apparent cross reactivity with other related viruses. A new kind
of real-time PCR assay which is cost-effective and cross
platform compatible is useful for genotyping of CaPVs using
snapback primers and DNA intercalating eva green dye120.
Whole genome/gene(s) sequencing and analysis of CaPVs
have shown distinct variations at both nucleotide and amino
acid levels that can be exploited to genotype these
species5,40,46,121. An automated mobile PCR system including
DNA extraction followed by an established real-time PCR had
been evaluated for rapid detection of CaPV DNA in endemic
field settings122. These molecular tools and techniques can be
handful for effective clinical surveillance of CaPV in endemic
or disease free regions.

RECOMBINANT DNA TECHNOLOGY IN DIAGNOSTICS

The use of recombinant DNA (rDNA) technology in animal
disease diagnosis has revolutionized the rapidity and
sensitivity of various diagnostic assays. Use of rDNA
technology for cloning and subsequent expression of specific
gene of interest of particular virus in an appropriate
expression system will  circumvent  the difficulties associated
with the production of  large  quantities  of  diagnostic 
antigens/agents123. Recombinant antigen based diagnostics
for CaPVs are under development in the recent past but the
difficulties in finding out a single immuno-dominant  CaPV 
antigen, expressing it in a  heterologous  host  system  and  its

purification  hampers  its  usage  as  a  diagnostic  antigen  in
large  scale  screening  for  sero-monitoring  and  outbreak
management. Attempts have been made at using whole
inactivated  CaPV as an ELISA antigen;  however,  this was
found to be impractical in a routine diagnostic laboratory
setup as virus   cultivation   is   too   labour   intensive   and  
requires bio-containment facilities. It would be a significant
advance if the immuno-dominant  CaPV  antigens were
identified and utilized in an ELISA format, with test sensitivity
and specificity at least comparable to those of the virus
neutralization assay. Several capripox proteins with diagnostic
potential have been expressed in prokaryotic and eukaryotic
systems (Table 1). Capripox structural protein, P32, expressed
as fusion protein in prokaryotic50,97,124 and eukaryotic
system101,125 has been used as trapping antigen in indirect
ELISA. It has also been employed in latex agglutination test126.
However, problems associated with expression level of the
full-length P32 antigen in E. coli due to toxicity of the
expressed hydrophobic product and instability of expressed
protein50 are considered as limitations in development of P32
based   commercial   ELISA  for  sero-evaluation.  Synthetic  P32
peptide based indirect ELISA has been developed for
detecting SPPV and GTPV antibodies in animals127. Another
CaPV protein, ORF117 is a fusion protein present mainly on
intra-cellular mature virion (IMV) is homolog of vaccinia virus
A27L protein and mediates the virus interaction with cell
surface  heparan  sulphate128.  Further,  ORF  117  protein  had

Table 1: List of recombinant CaPV proteins tested for their diagnostic potential
Proteins Functions Expression systems Uses Comments References
P32 Intracellular mature virion protein Prokaryotic Indirect ELISA Developed for detection of Carn et al.97

involved in viral attachment antibodies to LSDV in bovines
Prokaryotic Indirect ELISA Developed for detection of Heine et al.50 and Zhang et al.124

antibodies to sheeppox and
goatpox but toxic due to
hydrophobicity  of expressed protein

Prokaryotic LAT Developed for detection of antibodies Muinamia et al.126

to capripox
Eukaryotic Indirect ELISA Developed for detection of antibodies Bhanot et al.101 and Chen et al.125

to sheeppox and goatpox viruses
Peptide Indirect ELISA Developed for detection of antibodies Tian et al.127

to sheeppox and goatpox viruses
ORF 117 Intracellular mature virion Prokaryotic Indirect ELISA Protein is available in high level in native Dashprakash et al.129

protein involved in viral fusion soluble form but less sensitive for
detection of CaPV specific antibodies
in vaccinated animals

ORF 095 Virion core protein Prokaryotic Indirect ELISA For detection of CaPV specific Bowden et al.130

antibodies in infected animals but unable to
detect antibodies in sheep or goats following
vaccination

ORF 103 Virion core protein Prokaryotic Indirect ELISA For detection of sheeppox and goatpox specific Bowden et al.130 
antibodies in infected animals but unable to 
detect antibodies  in sheep or goats following 
vaccination
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been expressed in prokaryotic system and evaluated for its
diagnostic potential129  in recent past. Though, the protein was
expressed at high level in native soluble form, A27L based
ELISA was less sensitive for detection of CaPV specific
antibodies in vaccinated animals129. Further, sheeppox and
goatpox viruses induce poor sero-conversion following
vaccination or infection in target hosts and regular
conventional  serological  tests  may  not  be  sensitive enough
to  detect  specific  antibodies  following  vaccination  or
infection2,100. A cluster of other open reading frames like 095
and 103 of CaPV are tested and expressed in prokaryotic
system for exploiting diagnostic potential in ELISA130.
Sequencing of more CaPV genomes would help to predict
other immunogenic proteins that elicit neutralizing antibodies
and would be used for development of improved diagnostics.

VACCINES

Exposure to SPPV and GTPV results in strong and long
lasting immunity against reinfection. In India and other
endemic developing countries, vaccination is considered as an
economical and sustainable mean of disease control78,131. Most
commonly used vaccines against sheeppox and goatpox are
attenuated live or inactivated strains of SPPV or GTPV. Cross
protection among sheep and goats due to sheeppox and
goatpox vaccine or vice versa is partial78,98. For optimum
protection, homologous vaccine are recommended based on
indigenous or locally prevalent strain for either sheeppox or
goatpox8,23. Inactivated vaccines do not provide adequate and
long lasting immunity. However, an inactivated SPPV vaccine
would provide a safe and valuable tool to protect livestock
against SPPV, particularly during the first incursion of the virus
in the previously disease-free country132. In this line, an
inactivated SPPV vaccine using Roumanian Fanar (RF) strain
showed potential to replace attenuated vaccine to control and
prevent sheep pox in disease-free or endemic countries132.

Live vaccine is the better choice for long term immunity
against  CaPVs78. Susceptible animals can be vaccinated by
single vaccine through intradermal or subcutaneous route
with OIE recommended safe dose of GTPV vaccine (102.5

TCID50)38. Heterologous cell systems like bovine fetal muscle
cells32 and baby hamster kidney cells56,77 have been used for
development of attenuated capripox vaccines. Vero cell
attenuated GTPV provided complete protection against
virulent challenge. Immunity to poxvirus is considered
predominantly cell-mediated and the immune status of
animals does not correspond to serum neutralizing antibody
titers32. A single vaccine using 0240 strain of Kenyan sheep and

goatpox virus (KSG) which protected both sheep and goat
against virulent strains of  CaPV77  has been used in many
countries in Middle East and Africa with satisfactory results.

With regard to sheeppox and goatpox vaccines in India,
currently SPPV-RF strain attenuated by serial passages in
primary lamb testes (PLT) cells is used extensively for
sheeppox133. Another indigenous strain SPPV-Ranipet which
is attenuated in ovine thyroid cells and LT cells is used in Tamil
Nadu (India)134. A new Vero cell adapted vaccine using
indigenous SPPV (Srinagar) strain has been developed and is
safe and potent than other vaccine viruses available in India133.
Recently, an indigenous live attenuated Vero cell based
goatpox vaccine has also been developed in India. Vaccine
produces  durable   protective   immunity   for    a    period  of
52 months78. Combined vaccines consisting of Vero cell
derived SPPV-RF and Peste des petites ruminants (PPRV)135

Sungri/96 as well as GTPV-Uttarkashi and PPRV-Sungri/96
strains136 are available to combat capripox and PPR in India78.

Capripox vectored recombinant PPR vaccines (rCPV- PPR)
using F or H genes have been developed and shown effective
protection against both capripox and PPR137-140. Currently, no
vaccines with a differentiation of infected from vaccinated
animals (DIVA)-component are commercially available against
CaPVs. Also, RNA interference has been shown to down
regulate the expression of ORF 095 which inhibits replication
of GTPV on Vero cells141.

CONTROL AND ERADICATION STRATEGY

Socio-economic and political stability, availability of
veterinary services and adequate infrastructure and logistic
supports are essential for implementing effective control
programs2. Capripox free countries maintain their disease free
status by restriction on import of livestock and animal
products from affected areas. Infected animal products should
be decontaminated before entry in to non-enzootic regions.
In the case of disease free countries, the implementation of a
radical slaughter policy, restricted animal movement coupled
with  ring vaccination will help in elimination of the disease32.
Control of capripox is possible by application of appropriate
diagnostics,     use     of     effective     vaccine(s)     and    animal
management to restrict movement of animal and their
products to prevent introduction into naive areas2. After
specific diagnosis, active mass immunization is the main
approach to control capripox infection. Inadequate
infrastructure in most of developing countries is one of the
major elements that conflict with effective implementation of
building herd immunity.
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CONCLUSION AND FUTURE PERSPECTIVES

Sheeppox and goatpox are OIE notifiable and
transboundary diseases of developing world and there is
always a constant threat of spreading of CaPVs into new
geographic regions of non-enzootic nature, specifically into
South-East  Asia  and  Europe  whereas,  LSDV  into  the
Middle-East by trade of infected animals and their products
such as wool and hides, as well as through the movement of
insect vectors. Effective live attenuated vaccines and improved
diagnostic tests may facilitate in initiating effective control
measures. Well-organized vaccination campaigns, using
sufficient coverage and effective vaccines should be
monitored by active surveillance especially for the detecting
viruses or their antigens by field applicable molecular tests like
LAMP assays or lateral flow devices, because serologic tests
cannot differentiate between infection and vaccination. As
these viruses induce poor sero-conversion following
vaccination or infection in target hosts, regular conventional
serological tests may not be sensitive enough to detect
specific antibodies following vaccination or infection.
Therefore, development of high-throughput ELISA with
enhanced sensitivity and specificity in the form of multiple
immunogenic epitope/antigen(s) based ELISA or competitive
ELISA using monoclonal antibodies is required. These
diagnostic tools will be used to respond sudden outbreaks,
monitoring/surveillance of the diseases and study the
epidemiology of the disease in endemic regions. Also, there is
need to identify CaPV  isolates that are infective for both sheep
and goats, so that a single vaccine may be developed to
protect both species. Further, it should be studied to estimate
actual prevalence and possible risk factors associated with
spread and maintenance of these viruses in sheep and goats.
It will help in modeling disease patterns and identifying high
risk geographical regions for proper implementation of control
measures.

ACKNOWLEDGMENTS

The authors thank the Director, Indian Veterinary
Research Institute for providing necessary facilities to carry out
this study and the staff of Pox Virus laboratory, IVRI,
Mukteswar, for their valuable and timely help in carrying out
this work.

REFERENCES

1. King, A.M.Q., M.J. Adams, E.B. Carstens and E.J. Lefkowitz,
2011. Virus Taxonomy: Classification and Nomenclature of
Viruses.    Elsevier,    London,   UK.,   ISBN:   9780123846846,
pp: 291-309.

2. Bhanuprakash, V., M. Hosamani and R.K. Singh, 2011.
Prospects of control and eradication of capripox from the
Indian     subcontinent:     A     perspective.     Antiviral     Res.,
91: 225-232.

3. Babiuk,   S.,   T.R.   Bowden,   D.B.   Boyle,   D.B.   Wallace   and
R.P. Kitching, 2008. Capripoxviruses: An emerging worldwide
threat  to  sheep, goats and cattle. Transbound. Emerg. Dis.,
55: 263-272.

4. Gershon, P.D. and D.N. Black, 1988. A comparison of the
genomes of capripoxvirus isolates of sheep, goats and cattle.
Virology, 164: 341-349.

5. Hosamani,        M.,        B.        Mondal,        P.A.        Tembhurne,
S.K. Bandyopadhyay, R.K. Singh and T.J. Rasool, 2004.
Differentiation of sheep pox and goat poxviruses by
sequence  analysis  and PCR-RFLP of P32 gene. Virus Genes,
29: 73-80.

6. Babiuk,   S.,   T.R.   Bowden,   G.   Parkyn,   B.   Dalman   and
D.M. Hoa et al., 2009. Yemen and vietnam capripoxviruses
demonstrate a distinct host preference for goats compared
with sheep. J. Gen. Virol., 90: 105-114.

7. Bhanuprakash,     V.,     G.     Venkatesan,     V.     Balamurugan,
M. Hosamani and R. Yogisharadhya et al., 2010. Pox outbreaks
in sheep and goats at makhdoom (Uttar Pradesh), India:
Evidence of sheeppox virus infection in goats. Transbound.
Emerg. Dis., 57: 375-382.

8. Rao, T.V.S. and S.K. Bandyopadhyay, 2000. A comprehensive
review of goat pox and sheep pox and their diagnosis. Anim.
Health Res. Rev., 1: 127-136.

9. Rafyi, A. and H. Ramyar, 1959. Goat pox in Iran: Serial passage
in goats and the developing egg and relationship with sheep
pox. J. Comp. Pathol. Therapeut., 69: 141-147.

10. Hutyra, F., J. Marek and R. Manninger, 1946. Special Pathology
and Therapeutics of the Diseases of Domestic Animals.
Bailliere, Tindall and Cox, London, UK., pp: 353-366.

11. Lall, H.K., J. Singh and G. Singh, 1947. An outbreak of goat pox
in hissar district (Punjab). Indian J. Anim. Sci., 17: 243-246.

12. Das, S.K., A.K. Pandey and B.B. Mallick, 1978. A note on the
natural goat pox outbreak in Garwal Hills of Uttar Pradesh.
Indian Vet. J., 55: 671-673.

13. Bandyopadhyay, S.K., M.R. Gajendragad, N.K. Dhal, A.R. Gupta
and M.P. Yadav, 1984. Some observations on a goat pox virus
isolated  from  an  outbreak  in  Orissa.  Indian  J.  Anim.  Sci.,
54: 961-964.

14. Joshi,   R.K.,   S.L.   Ali,   S.   Shakya   and   V.N.   Rao,   1999.
Clinico-epidemiological studies on a natural outbreak of goat
pox in Madhya Pradesh. Indian Vet. J., 76: 279-281.

15. Malik Y.S., D. Singh, K.M. Chandrashekar, S. Shukla, K. Sharma,
N. Vaid and S. Chakravarti, 2011. Occurrence of dual infection
of Peste-des-petits-ruminants and goatpox in indigenous
goats of Central India. Transbound. Emerg. Dis., 58: 268-273.

16. Ramesh, A., V.S. Vadivoo, S.S. Babu and K. Saravanabava, 2009.
Amplification of viral fusion protein gene by PCR for the
detection  of  goatpox virus from field outbreaks. Tamilnadu
J. Vet. Anim. Sci., 5: 37-38.

765



Asian J. Anim. Vet. Adv., 11 (12): 757-770, 2016

17. Venkatesan,     G.,     V.     Balamurugan,     R.K.     Singh     and
V. Bhanuprakash, 2010. Goat pox virus isolated from an
outbreak at Akola, Maharashtra (India) phylogenetically
related    to    Chinese   strain.   Trop.   Anim.   Health   Prod.,
42: 1053-1056.

18. Sathe, R.G., 1931. Pox in sheep. Indian Vet. J., 8: 118-121.
19. Srikantaiah, G.N., 1936. Variola in domestic animals with a

special reference to sheep pox. Indian Vet. J., 12: 315-323.
20. Murthy, D.K. and P.P. Singh, 1971. Epidemiological studies on

outbreak of sheep pox in a mixed flock in Uttar Pradesh.
Indian J. Anim. Sci., 41: 1072-1079.

21. Sharma, M.M., P.K. Uppal, P.S. Lonkar and P.B. Mathur, 1986.
Epidemiology of a sheep-pox outbreak in mutton and fine
wool  type  sheep  at an organized farm. Indian J. Anim. Sci.,
56: 1183-1186.

22. Mondal,  B.,  M.  Hosamani,  T.K.   Dutta,   V.S.   Senthilkumar,
R. Rathore and R.K. Singh, 2004. An outbreak of sheep pox on
a sheep breeding farm in Jammu, India. Revue Scientifique
Technique, 23: 943-949.

23. Bhanuprakash,    V.,    A.R.S.    Moorthy,    G.    Krishnappa,
R.N.S. Gowda and B.K. Indrani, 2005. An epidemiological
study of sheep pox infection in Karnataka State, India. Revue
Scientifique Technique, 24: 909-920.

24. Govindarajan,   R.,   N.   Pazhanivel,   N.   Sunder,   M.   Sekar,
T.P. Jawahar and V. Purusothaman, 2005. An outbreak of
concurrent infection of theileriosis and sheep pox in Tamil
Nadu, India. Indian J. Anim. Sci., 75: 787-788.

25. Sivaseelan, S., R.U. Rani, D. Kathiresan and V. Purushothaman,
2005. Report on several outbreaks of sheep pox in Tamil
Nadu. Ind. J. Small Rum., 11: 194-195.

26. Roy, P., V. Purushothaman, C. Sreekumar, S. Tamizharasan and
A. Chandramohan, 2008. Sheep pox disease outbreaks in
Madras Red and Mechery breeds of indigenous sheep in
Tamilnadu, India. Res. Vet. Sci., 85: 617-621.

27. Verma, S., L.K. Verma, V.K. Gupta, V.C. Katoch, V. Dogra, B. Pal
and M. Sharma, 2011. Emerging Capripoxvirus disease
outbreaks in Himachal Pradesh, a Northern State of India.
Transbound. Emerg. Dis., 58: 79-85.

28. Venkatesan, G., V. Balamurugan and V. Bhanuprakash, 2014.
Multiplex PCR for simultaneous detection and differentiation
of sheeppox, goatpox and orf viruses from clinical samples of
sheep and goats. J. Virol. Methods, 195: 1-8.

29. Venkatesan, G., V. Balamurugan and V. Bhanuprakash, 2014.
TaqMan based real-time duplex PCR for simultaneous
detection and quantitation of capripox and orf virus genomes
in clinical samples. J. Virol. Methods, 201: 44-50.

30. Beard,    P.M.,    S.    Sugar,    E.    Bazarragchaa,    U.    Gerelmaa,
S. Tserendorj, E. Tuppurainen and R. Sodnomdarjaa, 2010. A
description of two outbreaks of capripoxvirus disease in
Mongolia. Vet. Microbiol., 142: 427-431.

31. Zro, K., F. Zakham, M. Melloul, E. El Fahime and M.M. Ennaji,
2014. A sheeppox outbreak in Morocco: Isolation and
identification of virus responsible for the new clinical form of
disease. BMC Vet. Res., Vol. 10. 10.1186/1746-6148-10-31.

32. Carn, V.M., 1993. Control of capripoxvirus infections. Vaccine,
11: 1275-1279.

33. Garner, M.G. and M.B. Lack, 1995. Modelling the potential
impact of exotic diseases on regional Australia. Aust. Vet. J.,
72: 81-87.

34. Yeruham, I., H. Yadin, M. van Ham, V. Bumbarov, A. Soham
and S. Perl, 2007. Economic and epidemiological aspects of
an  outbreak  of  sheeppox in a dairy sheep flock. Vet. Rec.,
160: 236-237.

35. Garner,    M.G.,   S.D.   Sawarkar,   E.K.   Brett,   J.R.   Edwards,
V.B. Kulkarni, D.B. Boyle and S.N. Singh, 2000. The extent and
impact of sheep pox and goat pox in the state of
Maharashtra, India. Trop. Anim. Health Prod., 32: 205-223.

36. De     Clercq,     K.   and   N.   Goris,   2004.   Extending   the
foot-and-mouth disease module to the control of other
diseases. Dev. Biol. Stand., 119: 333-340.

37. Senthilkumar, V. and M. Thirunavukkarasu, 2010. Economic
losses due to sheep pox in sheep farms in Tamil Nadu.
Tamilnadu J. Vet. Anim. Sci., 6: 88-94.

38. OIE., 2014. Manual of diagnostic tests and vaccines for
terrestrial animals (Mammals, birds and bees). Biological
Standards Commission, International Office of Epizootics. The
International Committee of the OIE., Paris. http://www.oie.int.

39. Tulman,  E.R.,  C.L.  Afonso,  Z.  Lu,  L.  Zsak,  G.F.  Kutish  and
D.L. Rock, 2001. Genome of lumpy skin disease virus. J. Virol.,
75: 7122-7130.

40. Tulman, E.R., C.L. Afonso, Z. Lu, L. Zsak and J.H. Sur et al., 2002.
The  genomes  of  sheeppox  and  goatpox  viruses.  J.  Virol.,
76: 6054-6061.

41. Kara,    P.D.,    C.L.    Afonso,   D.B.   Wallace,  G.F.   Kutish   and
C. Abolnik et al., 2003. Comparative sequence analysis of the
South African vaccine strain and two virulent field isolates of
Lumpy skin disease virus. Arch. Virol., 148: 1335-1356.

42. Black, D.N., J.M. Hammond and R.P. Kitching, 1986. Genomic
relationship between capripoxviruses. Virus Res., 5: 277-292.

43. Zeng, X., X. Chi, W. Li, W. Hao and M. Li et al., 2014. Complete
genome sequence analysis of goatpox virus isolated from
China shows high variation. Vet. Microbiol., 173: 38-49.

44. Moss,  B.  and J.L. Shisler, 2001. Immunology 101 at poxvirus
U: Immune evasion genes. Semin. Immunol., 13: 59-66.

45. Stram, Y., L. Kuznetzova, O. Friedgut, B. Gelman, H. Yadin and
M. Rubinstein-Guini, 2008. The use of lumpy skin disease virus
genome  termini  for  detection  and  phylogenetic  analysis.
J. Virol. Methods, 151: 225-229.

46. Le    Goff,    C.,   C.E.   Lamien,   E.  Fakhfakh,   A.   Chadeyras  
and     E.     Aba-Adulugba     et     al.,     2009.     Capripoxvirus
G-protein-coupled chemokine receptor: A host-range gene
suitable for virus animal origin discrimination. J. Gen. Virol.,
90: 1967-1977.

47. Soman, J.P. and I.P. Singh, 1980. Plaque formation by sheep
pox virus adapted to lamb kidney cell culture. Indian J. Exp.
Biol., 18: 313-314.

766



Asian J. Anim. Vet. Adv., 11 (12): 757-770, 2016

48. Bhanuprakash, V., B.K. Indrani, M. Hosamani and R.K. Singh,
2006. The current status of sheep pox disease. Comp.
Immunol. Microbiol. Infect. Dis., 29: 27-60.

49. Ferreira, C., 1973. Comportamento do virus da variola ovina
sob a accao de alguns agentes fisicos e quimicos. Anais da
Escola Superior de Medicina Veterinaria, 15: 7-40.

50. Heine,  H.G.,  M.P.  Stevens,  A.J.  Foord and D.B. Boyle, 1999.
A capripoxvirus detection PCR and antibody ELISA based on
the major antigen P32, the homolog of the vaccinia virus H3L
gene. J. Immunol. Methods, 227: 187-196.

51. Kitching, R.P. and P.S. Mellor, 1986. Insect transmission of
capripoxvirus. Res. Vet. Sci., 40: 255-258.

52. Bowden,  T.R.,  S.L.  Babiuk,  G.R.  Parkyn,   J.S.   Copps   and
D.B. Boyle, 2008. Capripoxvirus tissue tropism and shedding:
A quantitative study in experimentally infected sheep and
goats. Virology, 371: 380-393.

53. Mellor, P.S., R.P. Kitching and P.J. Wilkinson, 1987. Mechanical
transmission of capripox virus and African swine fever virus
by Stomoxys calcitrans. Res. Vet. Sci., 43: 109-112.

54. Domenech, J., J. Lubroth, C. Eddi, V. Martin and F. Roger, 2006.
Regional and international approaches on prevention and
control  of  animal transboundary and emerging diseases.
Ann. NY Acad. Sci., 1081: 90-107.

55. Rweyemamu, M., R. Paskin, A. Benkirane, V. Martin, P. Roeder
and K. Wojciechowski, 2000. Emerging diseases of Africa and
the Middle East. Ann. N. Y. Acad. Sci., 916: 61-70.

56. Kitching, P., 1983. Progress towards sheep and goat pox
vaccines. Vaccine, 1: 4-9.

57. Kitching, R.P. and W.P. Taylor, 1985. Clinical and antigenic
relationship between isolates of sheep and goat pox viruses.
Trop. Anim. Health Prod., 17: 64-74.

58. Yan,  X.M.,  Y.F.  Chu,  G.H.  Wu,  Z.X.  Zhao, J. Li, H.X. Zhu and
Q. Zhang, 2012. An outbreak of sheep pox associated with
goat  poxvirus  in Gansu province of China. Vet. Microbiol.,
156: 425-428.

59. Santhamani,     R.,     R.     Yogisharadhya,     G.     Venkatesan,
S.B. Shivachandra, A.B. Pandey and M.A. Ramakrishnan, 2013.
Detection and differentiation of sheeppox virus and goatpox
virus from clinical samples using 30 kDa RNA polymerase
subunit (RPO30) gene based PCR. Vet. World, 6: 923-925.

60. Davies, F.G., 1976. Characteristics of a virus causing a pox
disease in sheep and goats in Kenya, with observations on
the epidemiology and control. J. Hygiene, 76: 163-171.

61. Kitching, R.P., J.J. McGrane and W.P. Taylor, 1986. Capripox in
the  Yemen  arab  republic  and  the  sultanate  of  Oman.
Trop. Anim. Health Prod., 18: 115-122.

62. Gelaye, E., A. Belay, G. Ayelet, S. Jenberie and M. Yami et al.,
2015. Capripox disease in Ethiopia: Genetic differences
between field isolates and vaccine strain and implications for
vaccination failure. Antiviral Res., 119: 28-35.

63. Tuppurainen,  E.S.M.,  E.H.  Venter,  J.L.  Shisler,  G.  Gari  and
G.A. Mekonnen et al., 2015. Review: Capripoxvirus diseases:
Current status and opportunities for control. Transbound.
Emerg. Dis., (In Press). 10.1111/tbed.12444.

64. Anonymous, 1996. Australian Veterinary Emergency Plan. 2nd
Edn., Primary Industries Ministerial Council, Canberra, ACT.,
pp: 1-39.

65. Sawhney, A.N., A.K. Singh and B.S. Malik, 1972. Goat pox: An
anthropozoonosis. Indian J. Med. Res., 60: 683-684.

66. Bakos, V. and S. Brag, 1957. Untersuchungen uber
Ziegenpocken  in  Schweden.  Nord.  Vet.  Med., 9: 431-449,
(In German).

67. Mangana-Vougiouka,  O.,  P.  Markoulatos,  G.  Koptopoulos,
K. Nomikou, N. Bakandritsos and P. Papadopoulos, 2000.
Sheep poxvirus identification from clinical specimens by PCR,
cell  culture,  immunofluorescence  and  agar  gel
immunoprecipitation assay. Mol. Cell. Probes, 14: 305-310.

68. Davies, F.G., 1981. Sheep and Goat Pox and Lumpy Skin
Disease. In: Virus Disease of Food Animals, Gibbs, E.P.J. (Ed.).
Vol. 2, Academic Press, London.

69. Fenner, F., 1988. The Pathogenesis, Pathology and
Immunology of Smallpox and Vaccinia. In: Smallpox and its
Eradication, Fenner, F., D.A. Henderson, I. Arita, Z. Jezek and
I.D.   Ladnyi   (Eds.).   World   Health   Organization,   Geneva,
pp: 121-168.

70. Zaucha, G.M., P.B. Jahrling, T.W. Geisbert, J.R. Swearengen and
L. Hensley, 2001. The pathology of experimental aerosolized
monkeypox virus infection in cynomolgus monkeys (Macaca
fascicularis). Lab. Invest., 81: 1581-1600.

71. Jahrling,   P.B.,   L.E.   Hensley,   M.J.   Martinez,   J.W.   LeDuc,
K.H. Rubins, D.A. Relman and J.W. Huggins, 2004. Exploring
the potential of variola virus infection of cynomolgus
macaques as a model for human smallpox. Proc. Nat. Acad.
Sci. USA., 101: 15196-15200.

72. Gulbahar, M.Y., W.C. Davis, H. Yuksel and M. Cabalar, 2006.
Immunohistochemical evaluation of inflammatory infiltrate
in the skin and lung of lambs naturally infected with
sheeppox virus. Vet. Pathol., 43: 67-75.

73. Stanford, M.M., G. McFadden, G. Karupiah and G. Chaudhri,
2007. Immunopathogenesis of poxvirus infections:
forecasting   the   impending   storm.   Immunol.   Cell   Biol.,
85: 93-102.

74. Boulter, E.A. and G. Appleyard, 1973. Differences between
extracellular and intracellular forms of poxvirus and their
implications. Prog. Med. Virol., 16: 86-108.

75. Panchanathan, V., G. Chaudhri and G. Karupiah, 2008.
Correlates of protective immunity in poxvirus infection:
Where does antibody stand? Immunol. Cell Biol., 86: 80-86.

76. Green, S., F.A. Ennis and A. Mathew, 2011. Long term recall of
memory CD8 T cells in mice to first and third generation
smallpox vaccines. Vaccine, 29: 1666-1676.

767



Asian J. Anim. Vet. Adv., 11 (12): 757-770, 2016

77. Kitching, R.P., J.M. Hammond and W.P. Taylor, 1987. A single
vaccine for the control of capripox infection in sheep and
goats. Res. Vet. Sci., 42: 53-60.

78. Bhanuprakash,      V.,      M.      Hosamani,      G.      Venkatesan,
V. Balamurugan, R. Yogisharadhya and R.K. Singh, 2012.
Animal poxvirus vaccines: A comprehensive review. Expert
Rev. Vaccines, 11: 1355-1374.

79. Plowright, W. and R.D. Ferris, 1958. The growth and
cytopathogenicity   of   sheep-pox   virus   in   tissue   cultures.
Br. J. Exp. Pathol., 39: 424-435.

80. Kalra, S.K. and V.K. Sharma, 1981. Adaptation of Jaipur strain
of sheeppox virus in primary lamb testicular cell culture.
Indian J. Exp. Biol., 19: 165-169.

81. Prakash,    V.,    R.    Chandra,    V.D.P.   Rao,   S.K.   Garg   and
R.C. Ved Prakash, 1994. Cultivation of goat pox virus in
established cell line. Indian J. Virol., 10: 60-63.

82. Singh, B. and A. Rai, 1991. Adaptation and growth of sheep
pox virus in Vero cell culture. Indian Vet. Med. J., 15: 245-250.

83. Pandey, K.D., A. Rai, A.C. Goel, S.C. Mishra and B.K. Gupta,
1985. Adaptation and growth cycle of sheep pox virus in
MDBK cell line. Indian J. Virol., 1: 133-138.

84. Joshi, R.K., S.K. Garg, R. Chandra and V.D. Sharma, 1995.
Growth and cytopathogenicity of goat pox virus in MDBK cell
line. Indian J. Virol., 11: 31-33.

85. Babiuk,    S.,    G.    Parkyn,    J.    Copps,    J.E.    Larence    and
M.I. Sabara et al., 2007. Evaluation of an ovine testis cell line
(OA3.Ts) for propagation of capripoxvirus isolates and
development of an immunostaining technique for viral
plaque. J. Vet. Diagn. Invest., 19: 486-491.

86. Kitching, R.P. and C. Smale, 1986. Comparison of the external
dimensions    of    capripoxvirus    isolates.    Res.    Vet.    Sci.,
41: 425-427.

87. Rao, T.V.S. and B.S. Negi, 1997. Evaluation of different
serological tests for the diagnosis of goat pox using soluble
antigens. Trop. Anim. Health Prod., 29: 235-239.

88. Sharma,  B.,  B.S.  Negi,  A.B.  Pandey,   S.K.   Bandyopadhyay,
H. Shankar and M.P. Yadav, 1988. Detection of goat pox
antigen and antibody by the counter immunoelectrophoresis
test. Trop. Anim. Health Prod., 20: 109-113.

89. Ngichabe, C.K., Y.S. Binepal, J.W. Njiru and V.M. Carn, 1999.
Evaluation of an immunocapture enzyme-linked
immunosorbent  assay  for  detection  of  capripoxviruses.
Vet. Record, 145: 231-232.

90. Rao, T.V.S., P. Malik, S. Nandi and B.S. Negi, 1997. Evaluation of
immunocapture ELISA for diagnosis of goat pox. Acta
Virologica, 41: 345-348.

91. Carn, V.M., 1995. An antigen trapping ELISA for the detection
of capripoxvirus in tissue culture supernatant and biopsy
samples. J. Virol. Methods, 51: 95-102.

92. Kitching, R.P., J.M. Hammond and D.N. Black, 1986. Studies on
the  major  common  precipitating antigen of capripoxvirus.
J. Gen. Virol., 67: 139-148.

93. Gulbahar, M.Y., M. Cabalar, Y. Gul and H. Icen, 2000.
Immunohistochemical detection of antigen in lamb tissues
naturally  infected  with  sheeppox  virus. J. Vet. Med. Ser. B,
47: 173-181.

94. Rao, T.V.S., B.S. Negi, P. Dhar and D. Asgola, 1996. Evaluation
of latex agglutination test for rapid detection of goat poxvirus
antigen and antibodies. Acta Virologica, 40: 95-97.

95. Sharma, B., B.S. Negi, M.P. Yadav, H. Shankar and A.B. Pandey,
1988. Application of ELISA in the detection of goat pox
antigen and antibodies. Acta Virologica, 32: 65-69.

96. Chand, P., R.P. Kitching and D.N. Black, 1994. Western blot
analysis of virus-specific antibody responses for capripox and
contagious pustular dermatitis viral infections in sheep.
Epidemiol. Infect., 113: 377-385.

97. Carn, V.M., R.P. Kitching, J.M. Hammond and P. Chand, 1994.
Use of a recombinant antigen in an indirect ELISA for
detecting bovine antibody to capripoxvirus. J. Virol. Methods,
49: 285-294.

98. Hosamani, M., S. Nandi, B. Mondal, R.K. Singh, T.J. Rasool and
S.K. Bandyopadhyay, 2004. A Vero cell-attenuated Goatpox
virus provides protection against virulent virus challenge.
Acta Virologica, 48: 15-21.

99. Rao,  T.V.S.,  P.  Malik  and  D. Asgola, 1999. Evaluation of
avidin-biotin ELISA for the detection of antibodies to goat
poxvirus using noninfectious diagnostic reagent. Acta
Virologica, 43: 297-301.

100. Babiuk,   S.,   D.B.   Wallace,   S.J.   Smith,   T.R.   Bowden   and
B. Dalman et al., 2009. Detection of antibodies against
capripoxviruses using an inactivated sheeppox virus ELISA.
Transbound. Emerg. Dis., 56: 132-141.

101. Bhanot, V., V. Balamurugan, V. Bhanuprakash, G. Venkatesan
and A. Sen et al., 2009. Expression of P32 protein of goatpox
virus in Pichia pastoris and its potential use as a diagnostic
antigen in ELISA. J. Virol. Methods 162: 251-257.

102. Ireland, D.C. and Y.S. Binepal, 1998. Improved detection of
capripoxvirus  in  biopsy  samples  by  PCR.  J.  Virol.  Methods,
74: 1-7.

103. Markoulatos,  P.,  O.  Mangana-Vougiouka,  G.  Koptopoulos,
K. Nomikou and O. Papadopoulos, 2000. Detection of sheep
poxvirus in skin biopsy samples by a multiplex polymerase
chain reaction. J. Virol. Methods, 84: 161-167.

104. Tuppurainen, E.S., E.H. Venter and J.A. Coetzer, 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.

105. Orlova, E.S., A.V. Shcherbakov, V.I. Diev and V.M. Zakharov,
2006. Differentiation of capripoxvirus species and strains by
polymerase chain reaction. Mol. Biol., 40: 139-145.

106. Zheng,  M.,  Q.  Liu,  N.  Jin,  J.  Guo and X. Huang et al., 2007.
A duplex PCR assay for simultaneous detection and
differentiation of Capripoxvirus and Orf virus. Mol. Cell.
Probes, 21: 276-281.

768



Asian J. Anim. Vet. Adv., 11 (12): 757-770, 2016

107. Lamien,    C.E.,   C.   Le   Goff,   R.   Silber,   D.B.   Wallace   and
V. Gulyaz et al., 2011. Use of the Capripoxvirus homologue of
Vaccinia virus 30 kDa RNA polymerase subunit (RPO30) gene
as a novel diagnostic and genotyping target: Development of
a classical PCR method to differentiate Goat poxvirus from
Sheep poxvirus. Vet. Microbiol., 149: 30-39.

108. Venkatesan, G., V. Balamurugan, R. Yogisharadhya, A. Kumar
and V. Bhanuprakash, 2012. Differentiation of sheeppox and
goatpox viruses by polymerase chain reaction-restriction
fragment      length     polymorphism.     Virologica     Sinica,
27: 352-358.

109. Fulzele, S., R.K. Singh, M. Hosamani, B. Mondal and M.P. Yadav,
2006. Evaluation of duplex PCR and PCR-RFLP for diagnosis of
sheep pox and goat pox. Int. J. Trop. Med., 1: 66-70.

110. Lamien,    C.E.,    M.    Lelenta,    W.    Goger,    R.    Silber    and
E. Tuppurainen et al., 2011. Real time PCR method for
simultaneous detection, quantitation and differentiation of
capripoxviruses. J. Virol. Methods, 171: 134-140.

111. Balamurugan, V., D.J. Kallesh, M. Hosamani, V. Bhanuprakash,
G. Venkatesan and R.K. Singh, 2009. Comparative efficacy of
conventional and taqman polymerase chain reaction assays
in  the  detection  of  capripoxviruses  from clinical samples.
J. Vet. Diagn. Invest., 21: 225-231.

112. Stubbs, S., C.A.L. Oura, M. Henstock, T.R. Bowden, D.P. King
and E.S. Tuppurainen, 2012. Validation of a high-throughput
real-time polymerase chain reaction assay for the detection
of capripoxviral DNA. J. Virol. Methods, 179: 419-422.

113. Balinsky,   C.A.,   G.   Delhon,   G.   Smoliga,   M.   Prarat   and
R.A. French et al., 2008. Rapid preclinical detection of
sheeppox  virus  by  a real-time PCR assay. J. Clin. Microbiol.,
46: 438-442.

114. Notomi,   T.,   H.   Okayama,   H.   Masubuchi,   T.   Yonekawa,
K. Watanabe, N. Amino and T. Hase, 2000. Loop-mediated
isothermal  amplification  of  DNA.  Nucl. Acids Res., Vol. 28,
No. 12. 10.1093/nar/28.12.e63.

115. Murray,        L.,        L.        Edwards,        E.S.M.        Tuppurainen,
K. Bachanek-Bankowska, C.A.L. Oura, V. Mioulet and D.P. King,
2013.  Detection  of  capripoxvirus  DNA  using   a   novel
loop-mediated isothermal amplification assay. BMC Vet. Res.,
Vol. 9. 10.1186/1746-6148-9-90.

116. Batra,  K.,  A.  Kumar,  V.  Kumar,  T.  Nanda,  N.S.   Maan   and
S.    Maan,    2015.    Development    and    evaluation     of
loop-mediated isothermal amplification assay for rapid
detection of Capripoxvirus. Vet. World, 8: 1286-1292.

117. Das, A., S. Babiuk and M.T. McIntosh, 2012. Development of a
loop-mediated isothermal amplification assay for rapid
detection of capripoxviruses. J. Clin. Microbiol., 50: 1613-1620.

118. Venkatesan, G., V. Balamurugan, V. Bhanuprakash, R.K. Singh
and A.B. Pandey, 2016. Loop-mediated isothermal
amplification assay for rapid and sensitive detection of sheep
pox and goat pox viruses in clinical samples. Mol. Cell. Probes,
30: 174-177.

119. Zhao, Z., B. Fan, G. Wu, X. Yan and Y. Li et al., 2014.
Development of loop-mediated isothermal amplification
assay  for  specific  and  rapid  detection  of  differential  goat
Pox     virus    and    Sheep    Pox    virus.    BMC    Microbiol.,
Vol. 14. 10.1186/1471-2180-14-10.

120. Gelaye,   E.,   C.E.   Lamien,   R.   Silber,   E.S.M.   Tuppurainen,
R.   Grabherr   and   A.   Diallo,   2013.   Development   of   a
cost-effective method for capripoxvirus genotyping using
snapback  primer and dsDNA intercalating dye. PLoS ONE,
Vol. 8. 10.1371/journal.pone.0075971.

121. Dashprakash,    M.,    G.    Venkatesan,    M.A.    Ramakrishnan,
D. Muthuchelvan, M. Sankar, A.B. Pandey and B. Mondal,
2015. Genetic diversity of fusion gene (ORF 117), an analogue
of vaccinia virus A27L gene of capripox virus isolates. Virus
Genes, 50: 325-328.

122. Armson, B., V.L. Fowler, E.S.M. Tuppurainen, E.L.A. Howson
and M. Madi et al., 2015. Detection of Capripoxvirus DNA
using  a  field-ready  nucleic  acid  extraction  and  real-time
PCR  platform.  Transbound.  Emerg.  Dis.,  (In  Press).
10.1111/tbed.12447.

123. Balamurugan,   V.,   G.   Venkatesan,   A.   Sen,   L.   Annamalai,
V.  Bhanuprakash  and  R.K.  Singh,  2010.  Recombinant
protein-based viral disease diagnostics in veterinary
medicine. Expert Rev. Mol. Diagn., 10: 731-753.

124. Zhang, Q., W.M. Ma, G.H. Wu, J. Li and H.X. Zhu et al., 2007.
Prokaryotic expression of structural protein P32 gene of goat
pox virus. J. Gansu Agric. Univ., 42: 8-12.

125. Chen, Y.X., X. P. Cai, Z. Z. Jing, J.T. Ding and Y. Wang et al.,
2008. [Construction, expression and immunogenicity of
eukaryotic  vectors  based  on  goat  pox  virus  P32  gene].
Chin. J. Virol., 24: 133-137, (In Chinese).

126. Muinamia, K., Y.S. Binepal, J. Machuka, J. Makumi and R. Soi,
2007. A latex agglutination test for capripoxvirus. J. Trop.
Microbiol. Biotechnol., 3: 36-43.

127. Tian, H., Y. Chen, J. Wu, Y. Shang and X. Liu, 2010.
Serodiagnosis of sheeppox and goatpox using an indirect
ELISA based on synthetic peptide targeting for the major
antigen P32. Virol. J., Vol. 7. 10.1186/1743-422X-7-245.

128. Chung, C.S., J.C. Hsaio, Y.S. Chang and W. Chang, 1998. A27L
protein mediates vaccinia virus interaction with cell surface
heparan sulfate. J. Virol., 72: 1577-1585.

129. Dashprakash, M., 2013. Expression of ORF 117 protein of
capripoxvirus in prokaryotic system and evaluation of its
diagnostic potential. M.V.Sc. Thesis, Deemed University,
Indian Veterinary Research Institute, Izatnagar, India.

130. Bowden,   T.R.,   B.E.   Coupar,   S.L.   Babiuk,   J.R.   White   and
V. Boyd et al., 2009. Detection of antibodies specific for
sheeppox and goatpox viruses using recombinant
capripoxvirus antigens in an indirect enzyme-linked
immunosorbent assay. J. Virol. Methods, 161: 19-29.

769



Asian J. Anim. Vet. Adv., 11 (12): 757-770, 2016

131. Hosamani, M., V. Bhanuprakash, D.J. Kallesh, V. Balamurugan,
A. Pande and R.K. Singh, 2008. Cell culture adapted sheeppox
virus as a challenge virus for potency testing of sheeppox
vaccine. Indian J. Exp. Biol., 46: 685-689.

132. Boumart, Z., S. Daouam, I. Belkourati, L. Rafi, E. Tuppurainen,
K.O. Tadlaoui and M. El Harrak, 2016. Comparative innocuity
and efficacy of live and inactivated sheeppox vaccines. BMC
Vet. Res., Vol. 12. 10.1186/s12917-016-0754-0.

133. Yogisharadhya,     R.,     V.     Bhanuprakash,     M.     Hosamani,
G. Venkatesan and V. Balamurugan et al., 2011. Comparative
efficacy of live replicating sheeppox vaccine strains in Ovines.
Biologicals, 39: 417-423.

134. Bhanuprakash, V., B.K. Indrani, R. Hegde, M.M. Kumar and
A.R.S. Moorthy, 2004. A classical live attenuated vaccine for
sheep pox. Trop. Anim. Health Prod., 36: 307-320.

135. Chaudhary,  S.S.,  K.D.  Pandey,  R.P.  Singh,  P.C.  Verma  and
P.K. Gupta, 2009. A vero cell derived combined vaccine
against sheep pox and Peste des Petits ruminants for sheep.
Vaccine, 27: 2548-2553.

136. Hosamani,    M.,    S.K.    Singh,    B.    Mondal,    A.    Sen    and
V. Bhanuprakash et al., 2006. A bivalent vaccine against goat
pox and Peste des Petits ruminants induces protective
immune response in goats. Vaccine, 24: 6058-6064.

137. Diallo, A., C. Minet, G. Berhe, C. Le Goff and D.N. Black et al.,
2002. Goat immune response to capripox vaccine expressing
the  hemagglutinin  protein of Peste des petits ruminants.
Ann. N. Y. Acad. Sci., 969: 88-91.

138. Berhe,     G.,     C.     Minet,     C.    Le    Goff,    T.    Barrett    and
A. Ngangnou et al., 2003. Development of a dual
recombinant vaccine to protect small ruminants against
Peste-des-petits-ruminants virus and capripoxvirus infections.
J. Virol., 77: 1571-1577.

139. Chen, W., S. Hu, L. Qu, Q. Hu and Q. Zhang et al., 2010. A goat
poxvirus-vectored Peste-des-petits-ruminants vaccine
induces long-lasting neutralization antibody to high levels in
goats and sheep. Vaccine, 28: 4742-4750.

140. Caufour,    P.,    T.    Rufael,   C.E.   Lamien,   R.   Lancelot   and
M. Kidane et al., 2014. Protective efficacy of a single
immunization with capripoxvirus-vectored recombinant
peste   des   petits   ruminants   vaccines   in   presence   of
pre-existing immunity. Vaccine, 32: 3772-3779.

141. Zhao, Z., G. Wu, X. Zhu, X. Yan and Y. Dou et al., 2012. RNA
interference targeting virion core protein ORF095 inhibits
Goatpox virus replication in Vero cells. Virol. J., Vol. 9.
10.1186/1743-422X-9-48.

770


	AJAVA.pdf
	Page 1


