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INTRODUCTION 

 

 Sheeppox (SPP) and Goatpox (GTP) viral diseases are one of an important contagious infectious disease affecting small ruminants in Africa, one of a main 

diseases requiring immediate solution as it listed in Group A diseases by the World Organization for Animal Health (OIE), one of the notifiable diseases. The 

causative agents sheeppox virus (SPPV) and goatpox virus (GTPV) are a member of the Poxviridae family, Chordopoxvirinae subfamily and Capripoxvirus 

(CaPVs) genus along with Lumpy skin disease virus (LSDV) of cattle, the other member of the genus [1], share a major neutralization site with cross protection 

and antigenic relationship [2]. SPP disease is endemic in the Middle East including (Egypt, Iran, Afghanistan), North Africa, Turkey, Iraq and India as well as 

South-Eastern Europe where a sporadic outbreak were occurred [3]. In countries infected with SPP and GTP diseases economically affected with reducing the 

productive potential of the existing sheep and goat industries, a little information on the economic losses of SPP disease in dairy flocks, it causes considerable 

economic loss due to reduced meat and milk production, abortion, depreciation of wool and skin quality [4], tanning sector due to its slow progress of viral and 

permanent scar formation [5,6], this Economic investigations affected with some variables such as number of an infected animals compared with flock size, 

number of days of illness [7,8]. Morbidity and mortality rate vary with a breed of the animal, its immunity to CaPVs and a strain of the viruses. CaPVs diseases 

affecting all age groups of animals, mortality rate varies between 5–10%, the ratio can reach to 50% in young animals, SPP and GTP diseases is highly destructive 

and cause limitation of international trade [9]. The clinical signs are severe in lambs, stressed animals, animals that have concurrent infections or that come from 

areas where pox is not endemic particularly European races are more susceptible to disease and can show high mortality as 100% while the native flocks have 

natural immunity against viruses with mild clinical signs of the disease [10,11,12]. 

 

        The objective of this article is to give insight on the efficacy control measures through an effective vaccine and evaluating the CaPVs vaccine by using the 

cellular and the humoral assays with a role of a maternal immunity in a protection of a new-born animals. 

 

DIFFERENTIAL AND ANTIGENIC RELATIONSHIP 

  

 In previous, SPPV and GTPV were believed to be same virus. However, genetic sequencing proved that these are a separate viruses, SPPV and GTPV 

considered to be host specific but some strains found to infect both sheep and goats as isolates from Kenya, Yemen and Oman naturally infect both goats and 

sheep while most SPPV and GTPV isolates show distinct host preferences with more virulent in one of the two species (goats may become mildly infected with 
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SPPV which could cause severe disease when transmitted back to sheep, similarly sheep can be infected with virulent GTPV [13]. In India SPPV signature residue 

of P32 gene found in an infecting goat and GTPV associated with disease in sheep detected by P32 and RP030 gene based species-specific PCR methods [14]. 

Clinical finding of both SPP and GTP diseases were similar and inability to differentiate by serology assays lead to suggest that these diseases a part of disease 

complex caused by single viral species as there is a high degree of genome homology between different CaPvs isolates with 96% or greater shared genetic 

sequence [2]. Cross protection between SPPV and GTPV is partial, so a complete protection with a homologous vaccine was recommended [10,15]. Therefore, in 

the most countries at least two different vaccines containing the isolates of either GTPV or SPPV are necessary to protect small ruminants against both viruses 

[16,17,18]. Differentiation between SPPV and GTPV can be possible at molecular level targeting host range genes [19,20] using whole genome sequencing and 

P32 gene using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) used specific primers on a multiplex basis [21,22]. ORF 095 

and ORF 103 genes could be used for the genotyping of the SPPV, sequence analysis of the two genes may be recognized as new markers to distinguish GTPV 

and SPPV [23]. RPO30 gene-based PCR depend on primers used bind [24,22,25]. 

 

CONTROL AND ERADICATION STRATEGY 

 

    CaPVs diseases in its regular course begin to show clinical signs after a 1–2 week of an incubation period, CaPVs diseases do not have a specific treatment 

depending on a supportive treatment. The disease spreading can be prevented by isolating of the infected animals and herds, commercial restrictions, taking 

quarantine measures and disinfection [16]. Control of the disease depend mainly on an obligatory laboratory diagnosis for termination of quarantine application as 

this disease notified in an infected country. In CaPVs free countries maintain their status by controlling the importation of infected animals and their products from 

enzootic areas, once the disease has entered, a slaughter of infected and in-contact animals, vaccination of neighboring flocks with a dead vaccine, strict animal 

movement control, sentinel animals could be used prior to re-stocking culled herds [26] as in European Union (EU) member states where restriction to use of SPP 

live vaccine. It has been reported that some live attenuated vaccines induced severe reactions at the injection site or even mild disease in vaccinated animals 

[11,27]. 

 

         In most countries where CaPVs are enzootic due to prolonged stability of the virus on wool and dried scales of the recovered animals and unregulated 

introduction of livestock through importation or by illegal means of an infected ruminants and a slaughter policy would be impracticable and movement controls 

impossible to enforce perfectly in these countries, all these factors hinder the control of the disease. On other hand easy detection of infectious agents, economic 

importance of the diseases, absence of reservoir host, induction of a long time of immunity after vaccination, low annual turnover rate of animals in flocks and 

easy diagnosis of infected or exposed animals all this factors favor the initiate of control programs but vaccination is considered the most easy and effective 

protection way against all CaPVs diseases [26,28,29]. It is essential to vaccinate small ruminants’ flocks regular with a safe and efficient vaccine for the control of 

this serious and economical importance of the diseases in endemic area [4].  

 

      In hyper-endemic areas, ring vaccination should be undertaken for about 3 years to try an eradication of the diseases [15]. First vaccination against SPP and 

GTP diseases was made as ovulation which was applied by infected scab material into 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 [30], live attenuated SPP and GTP vaccines already used for protection against CaPVs infection are thermostable in lyophilized form, only a single 

immunization required with immunity may lasts for long period, when annual vaccination was recommended provide good protection and able to control the 

outbreaks of the diseases [31] for example 0240 Kenya sheep and GTP vaccine strains used in sheep and goats, Romanian and RM-65 vaccine strain used mainly 

in sheep, and Mysore and Gorgan vaccine strains used in goats for long life immunity [32] while immunity of inactivated vaccine shorter (up to six months), more 

common in non-endemic countries as an emergency vaccine and safer option with ring vaccinations in combination with culling, quarantine and movement 

restrictions [33]. Susceptible animals can be vaccinated through intradermal or subcutaneous route with OIE recommended safe dose (10 2.5TCID50)[32].  

 

MECHANISM OF IMMUNITY 

 

 
 

 

Fig 1: Calssification of immunity 

 

Immunity against CaPVs infection and vaccine depend on both the cell mediated immunity (CMI) and the humoral immunity. CMI response considered 

the predominant route in eliminating the infection against CaPVs, in addition to a protective antibodies (Abs) that limit spread of the infection within the body for 

https://en.wikipedia.org/wiki/Humoral_immunity
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a long period in the immunized animals [34,35], SPPV-neutralizing Abs considered an available guide point for evaluating the humoral immunity[36]. Adaptive 

immunity is essential for inhibition of viral infections and keep a memory to prevent the repeated infections caused by the same pathogen a few days to weeks after 

activation of immunity [37]. Following vaccination, some virus particles are phagocytosed by a macrophages and their proteins cleaved into short peptides that 

presented on the surface of the macrophage associated with MHC (Major Histocompatibility Complex) class П protein, this combination recognized by 

appropriate clones of CD4 T lymphocyte cells [38]. Differentiation of the activated CD4 + T cells results into T helper Th1, Th2 cells, Th1 cells secrete interferon-

gamma (IFNγ), interleukin IL-2 and lymphotoxin that stimulate inflammatory immune responses as delayed-type hypersensitivity, production of complement- 

fixing Abs and cytotoxic T lymphocytes that responsible for cellular immunity. Th2 cells secrete IL-4, IL-5 and IL-10, which regulate the humoral immune 

response [39,40]. On the other hand, virus infected cells express antigens associated with MHC class I on its surface and activate CD8+ T cells MHC I carrying the 

antigenic determinant binds to the TCR (T cell receptor) through CD80 and CD86, it provides signals to CD8+ T lymphocyte cells [41,40] after receiving the 

signals from the infected cells, CD8+ T cells are started proliferation and differentiation into CT Lyses, it can lyses the infected cells by secreting perforin and 

granzymes and activates cytokines like TNF-α, IL-2 and IFNγ to promote apoptosis by the macrophages [42,40]. 

 

SOME ASSAYS TO EVALUATE CELLULAR IMMUNITY 

 

Cellular immunity is the most characteristic feature of poxvirus immunity [35]. The immunological studies in the recent years have focused on the role of 

CMI in defense against animal infections, this has accentuated the importance of examining CMI as part of any thorough effort to characterize the response of 

immunity to infection or administration of vaccination [43]. Level of lymphocytes proliferation placed in short- term tissue culture in the response to an antigen 

correlates with the expansion of antigen-specific lymphocytes in response to vaccination or infection, this indicates the superior responses of the memory cells in 

the animal immunity, this applied on peripheral blood mononuclear cells (PBMCs) from an individual animal [44,45]. Tetrazolium salt reagents as XTT and MTT 

has become the gold standard for determine the cell viability and proliferation since it developed by [44], MTT or XTT reagent depend on color changes under the 

metabolic conditions of proliferating lymphocytes [46]. Cytokines are produced locally and at a low level so a difficulty to detect it systematically, the functional 

analysis of the effector cells generated upon activation of leukocytes that regulate a physiological and pathological functions including innate immunity, in vitro 

stimulation of cultured PBMCs with virus can be helpful to investigate virus induced cytokine production [47]. Using of ELISA method to measure the 

quantification of cytokines are costly and analyzed a limited numbers of cytokines in a single sample, so a reverse transcriptase quantitative polymerase chain 

reaction (RT-qPCR) is a routine method used to investigate cytokines transcripts gene expression using a small quantities of sample with high specificity, 

sensitivity and accuracy, a control gene that is not affected by the experimental treatment must be used to correct for variations due to differences in RNA quantity 

[48,49]. IFN-γ cytokines plays central role in regulation of immune body response against intracellular pathogens [50]. IFN γ assay system is a rapid, sensitive to 

measure antigen specific cell mediated reactivity when compared with the lymphocyte proliferation assay, that’s one of the first in-vitro cellular assay used as a 

routine diagnostic test in veterinary medicine [51].  Expression of inflammatory cytokines (IFN-γ) in PBMCs by Rt-PCR observed in the early days after 

vaccination and at the onset of clinical finding of CaPVs infection [52]. 

 

SOME ASSAYS TO EVALUATE THE HUMORAL IMMUNITY 

 

Production of Abs is the main function of the humoral immune system, Abs are secreted by the plasma cells and occur in two physical forms, a soluble 

form that is secreted from the cell to be free in the blood sera and tissue fluid  to invade microorganisms and a membrane-bound form that is attached to the 

surface of a B cell and is referred as the B-cell receptor (BCR) that found on a surface of B cells and facilitates the activation of these cells and subsequent 

differentiation of cells into either antibody factories called  memory B cells that are survive in the body and remember same antigen [53]. Abs were observed after 

1st  week of live or in activated SPP vaccine administration, the highest titre obtained after 3rd or 4th week then was gradually decline, vaccinated animals or those 

showing mild signs of SPP disease were developed only low level of neutralizing Abs which are often below the detection limits of currently available serological 

tests [26]. Serological assays are not capable of differ between neutralizing Abs from vaccination or infection, the agar gel immunodiffusion and indirect 

immunofluorescent antibody tests are not sensitive in Abs detection at low level due to cross reactivity with other poxvirus Abs as the Parapoxvirus [54]. Serum 

neutralization test (SNT) is the most specific serological test and a gold standard for estimation of Abs against all CaPVs, not sensitive enough to enable reliable 

detection of low levels of Abs present in some animals following recovery from natural infection [55]. ELISA is easier to perform, does not require live CaPVs 

and sensitive to detect CaPVs Abs at early infection or vaccination [56,57]. 

 

MATERNAL IMMUNITY 

 

 Pregnant small ruminants vaccinated with different vaccines among them SPP and GTP vaccine was effective in producing hyperimmune colostrums 

for new-born lambs and kids during their first seven days[58]. Immunoglobulin G (IgG) is the main Ig in the blood system may be transferred to offspring through 

either the colostrums or the placenta and responsible for neutralizing viruses [59]. Different breeds of small ruminants show varying degrees of natural resistance 

against infection with SPPV and GTPV, maternal immunity provides protection against SPP and GTP diseases up to 3 months [60]. Vaccination of pregnant goats 

at 4 months of pregnancy by GTPV provided their kids with high titre of Abs in colostrums compared with pregnant goats vaccinated at 2month of pregnancy [61]. 

 

CAPRIPOXVIRUSES VACCINE IN EGYPT 

 

 In Egypt where CaPVs diseases are endemic, vaccination and bio-security measures are the most efficient and cost effective method to control the 

diseases [62], a live attenuated tissue culture SPPV vaccine proved to be sterile, safe, potent enough to be used in the field and economic as every lyophilized vial 

(1ml virus fluid diluted with 1:100 saline) used for vaccination of approximately 100 lambs (1ml/lamb) [63]. In Egypt, live attenuated freeze-dried vaccine 

(RSPPV) used to control SPP disease in sheep and LSD in cattle. Furthermore, SPPV and GTPV do not occur in Southern Africa only attenuated LSD vaccine are 

used against LSDV, whereas in northern, central Africa and in the Middle East, where the distribution of SPP, GTP and LSD viruses are endemic, an attenuated 

SPPV vaccines, such as KSGP O-240, RM65 and RSPPV strains have been used against LSD [26,64,65]. In the recent years, the appearance of non-published and 

published outbreak of SPPV in different regions of Egypt as in Alhendaw, Eldakhla, Al Wadi Al Jadid; Kafr Ash Shaykh; Al Minya; Asyut with morbidity rate 

33.33%, 5.3%, 40%, 12.5% respectively [66], Menya Al Qamh, Sharkia with morbidity rate  23.5% and 8.2% mortality rate of young infected lambs [67], in 

addition to there has been a significant prevalence of un published LSD and the lack of SPPV immunization alone to counteract this spread, the incomplete 

protection against LSD has been reported in cattle vaccinated with RSPPV vaccine and appearance of an infectious cases of LSDV in the previously vaccinated 

animals [68,69]. All CaPVs strains were antigenically related, GTPV and LSDV are closely related than to SPPV [19], Kenyan SPP vaccine used for immunization 

in both small ruminant and cattle [31,70]. During 2006 outbreak of LSD in Egypt, it was reported that the live attenuated SPP vaccine did not provide cattle with 

complete protection against LSDV [71]. GTP vaccine are not commercially available in any Arabian or African countries, shepherds occasionally rely on 

heterologous SPP vaccine to goats in spite of the fact that goats highly exists in Egypt and in these countries and goats with SPP vaccines or sheep with GTP 

vaccines are fully unsuccessful [72]. In Egypt the three CaPVs (SPPV,GTPV,LSDV) were endemic and appeared in a sporadic and in an outbreak cases so from 

all these previous factors have been thought of trying to use a candidate trivalent vaccine of SPPV strains (Romanian, Kenyan) and GTP strain with equal volume 

and titres in its specific and preferable host because SPPV and GTPV do not replicate in small rodents, there are no small animal models available to evaluate its 

efficacy, this candidate vaccine evaluated by the cellular and the humoral immunity and gave better immunity for all CaPVs comparative with commercial 

monovalent RSPPV vaccine [73,74,75]. 
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CONCLUSION AND RECOMMENDATION 

 

SPPV, GTPV and LSDV are an important viral disease that significantly impact the livestock industry with a high degree of sequence homology and a 

cross protective immunity. In Egypt where the distribution of all CaPVs diseases are endemic there isn't any specific treatment, quarantine measures are difficult to 

implement it perfectly due to trade of an infected animals and their products as wool and hides, the viruses can be stable for a long period, in addition to the 

movement of an insect vector, it is essential to conduct studies to estimate the actual prevalence and to explore potential risk factors that can contribute to the 

spread and maintenance of these viruses among animals. Especially in endemic area with SPPV, GTPV and LSDV diseases, an attenuated SPPV vaccines as 

RM65, KSGP O-240 and Romanian SPPV strains have been used against LSDV, however in the last years the reoccurrence of the diseases, SPPV vaccine 

(Romanian strain) failed to stop recurrent appearance of the diseases especially LSD, so the preparation of combined trivalent vaccine (Romanian, Kenyan, GTP) 

used as broad-spectrum vaccine candidate against all CaPVs diseases is a good  trail with a remarkable high immunity compared with commercial SPPV vaccine 

alone. Vaccine efficacy based on the total protective effect to a vaccinated animals that depend on a clinical outcome, CMI involves the activation 

of phagocytes, antigen-specific cytotoxic T- lymphocytes and the release of various cytokines in response to an antigen especially in the first period after 

vaccination or infection. Seroconversion studies are commonly performed when evaluating veterinary vaccines through production of the defense Abs. The 

evaluation of a vaccine experimentally after administration is a necessary step to knowledge the efficacy of the vaccine, further studies of an evaluation of the 

vaccine in its preferable and specific host is the first step for detect the efficacy of the vaccine experimentally and in field application, in addition to a maternal 

immunity.  
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