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A B S T R A C T   

Vaccination against sheep pox (SPV) is the most efficient tool to control spread of the disease and virus 
neutralization test (VNT) is the gold standard for vaccination monitoring. In the presented study, we evaluated 
the use of ELISA and VNT for quantification of SPV humoral response post vaccination. Results confirmed that 
VNT is more sensitive since ELISA did not detect 22% of positive tested sera, and VNT weak positive sera were 
either negative or doubtful by ELISA. The most sensitive cells to perform VNT were ESH-L instead of Lamb 
primary cells. We also investigated immunoperoxidase IPMA and immunofluorescence IFA assays for detection of 
SPV specific antibodies and IPMA showed higher antibody titers comparatively to IFA. VNT using ESH-L cells 
with immune-enzymatic revelation provide specific quantitative SPV antibody titers, easier to read in shorter 
incubation time.   

1. Background 

Sheep pox is a devastating and contagious disease of sheep charac
terized by pyrexia, generalized skin and internal pox lesions, and 
lymphadenopathy (Beard and Kingdom, 2019). The diseases is caused 
by sheep poxvirus (SPPV), which are enveloped, double-stranded DNA 
viruses, classified in Capripoxvirus genus of the Poxviridae family 
(Bhanuprakash et al., 2006). SPPV occur in Africa, Middle East, and Asia 
including India and China, causing high morbidity (70–90%) and mor
tality up to 50% leading to important economical losses (Rao and Ban
dyopadhyay, 2000). For successful SPPV control, vaccination of all 
susceptible animals is considered the main pillar, supported by other 
control measures such as stamping out, animal movement restrictions, 
quarantine and disinfection (Tuppurainen et al., 2017). Vaccination is 
the most effective way to control the spread of SPPV, only live attenu
ated vaccines are currently used. Immunological studies for SPPV 
vaccination monitoring has shown that vaccination stimulates both 

humoral and cell-mediated immunity (Varshovi et al., 2021). Humoral 
immune response can be investigated by using virus neutralization test 
(VNT), indirect fluorescent antibody test (IFA) and ELISA (Gari et al., 
2008; Office International des Epizooties, 2017) and other immuno
logical tests such include CIE, and latex agglutination test, also agar gel 
immunodiffusion test and Western blot. However; they have shown low 
sensitivity (Chand et al., 1994; Shankar and Yadav, 1988; Jenson, 2014). 
So far, VNT is the only serological test validated by the OIE with high 
specificity for detecting capripoxvirus-specific antibodies (Edition, 
2008). 

In this study, we evaluated and compared the performances of the 
detection of SPPV specific antibody by different serological tests. Our 
work is divided into three parts:  

- Comparative sensitivity study of ELISA commercial kit with VNT OIE 
reference method, investigation carried out on 220 sera. 
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- Comparative study of VNT reference OIE method using testis cells 
(LT), Ovine Aries Testis (OA3.Ts) cell line and Embryonic Skin of 
sheep (ESH-L) cells, to determine cell sensitivity, investigation per
formed on 106 sera.  

- Comparative investigation on the VNT revelation method, where 100 
of weak and strong positive sera have been analyzed by VNT and sera 
titers by three methods; cytopathic effect presence or absence (OIE 
standard method), immunoperoxidase assay (IPMA) and immuno
fluorescence assay (IFA) both using specific antibodies. 

The aim of the study is to propose a specific and sensitive method for 
the detection of antibody response to SPPV infection or vaccination. 

2. Material and methods 

2.1. Blood samples 

For this study, 220 serum were collected from sheep in Morocco. 
Blood samples were taken randomly from local breeds, male and female 
of all ages, within the frame of post vaccination monitoring for SPPV. 
Sampling was performed in line with principles of good veterinary 
practices and in full respect of animal welfare, including unvaccinated 
control and vaccinated animals at different intervals of time after im
munization. Blood were collected into dry tubes, allowed to clot for 3 h 
at room temperature, and then sera were extracted by centrifuging at 
2000 rpm for 20 min, transferred in 2-ml tubes and stored at − 20 ◦C 
until analysis. 

2.2. Serological analysis by ELISA 

Antibody detection by ELISA test was performed using ID Screen® 
Capripox double antigen Multi-species ELISA kit from ID vet® (Mont
pellier, France) according the manufacturer's instructions. Briefly, the 
samples and the controls are distributed in the wells, forming an 
antigen-antibody complex. The plates are then washed and the conju
gate (purified CPV antigen labeled with peroxidase (HRP)) is added to 
wells. After elimination of the excess conjugate, the reaction is revealed 
by a tetramethylbenzidine (TMB) solution. In the presence of antibodies 
in the sample, a blue color appears which becomes yellow after blocking. 
However, in the absence of antibodies in the samples, no staining ap
pears. The reading is performed at 450 nm. 

2.3. Serological analysis by VNT 

Sheep serum were analyzed using VNT to determine SPPV antibody 
titer. This method was based upon the OIE Terrestrial Manual Chapter 
3.7.12. The test was performed in 96-microwell plates (Nunc, Thermo 
Fisher Scientific, USA):  

- Serum preparation: Sera were heated at 56 ◦C for 30 min. A 3-fold 
dilution series was made in cell culture media (Dulbecco's modified 
Eagle's medium (Wisent Inc., cat n◦ 219–015-XK) supplemented with 
1% Fetal Bovine Serum (FBS)) from the dilution 1/3 to 1/729 in 4 
duplicates for each serum.  

- Work virus: attenuated SPPV Romania strain (Precausta et al., 1979) 
(Causta and Kato, 1979) was used in VNT. A monolayer of LT cells in 
T75 flasks (Nunc, Thermo Fisher Scientific, USA) was infected with a 
MOI of 0,01, and incubated at 35 ◦C. After 80% CPE, the flask was 
frozen and thawed, aliquoted and stored at − 80 ◦C until use. The 
viral suspension was submitted for titration 5 times to determine the 
infectious titer to be used in VNT. A suspension of 100 TCID50/well 
was prepared for the test. The suspension was added in the 96 well 
plates containing the serum serial dilution at equal volume (25 μl) 
and incubated 1 h at 37 ◦C, 5% CO2. Three 10-fold dilutions of the 
work virus were prepared and distributed in 10 replicates each in the 
virus control plate (25 μl of virus +25 μl medium).  

- Cells: Primary lamb testis cells LT were obtained by castration of a 
healthy three-month-old male. The tissue was cut into small pieces, 
and submitted to enzymatic dissociation by trypsin to obtain single 
cells. Cells were diluted in Dulbecco's modified Eagle's medium 
(Wisent Inc., cat n◦ 219–015-XK) supplemented with 10% Fetal 
Bovine Serum (FBS), and incubated at 37 ◦C with 5% CO2. Two 
additional cell lines were used in VNT for sensibility evaluation: 
OA3. Ts cells (CRL-6546, ATCC) and ESH-L cells obtained from 
Federal Research Institute for Animal Health, the Friedrich-Loeffler 
Institut (FLI) (Cat N◦: CCLVRIE 0175). The two cell lines were 
cultured in Dulbecco's modified Eagle's medium (Wisent Inc., cat n◦

219–015-XK), supplemented with 10% FBS. For each type of cells, a 
suspension (120,000 cells/cm2) was prepared and added to the 
incubated plates at a volume of 150 μl. Few wells in the plate were 
dedicated to cells growth control (150 μl of cells) without virus or 
serum.  

- All plates were incubated 6 days at 37 ◦C for CPE detection. Wells 
were considered negative when a typical CPE was observed. In the 
absence of CPE, the virus is considered neutralized and the well 
positive. The antibody titer was calculated using the method of Reed 
& Muench method (1938) (Reed and Muench, 1938) (American, 
1938) and expressed log neutralizing doses 50% (DN 50%). 

2.4. Serological analysis by immunoperoxidase assay (IPMA) 

50 sera with strong positive titers and 50 sera with weak titers by 
ELISA and VNT were used to compare VNT, IPMA and IFA methods. The 
IPMA were performed as described by Haegeman (Haegeman et al., 
2020). The test was conducted similarly to the VNT described above. 
Briefly, after three days incubation of plates containing virus/serum/ 
cells, the plates were fixed with 4% paraformaldehyde and methanol/ 
30% H2O2, washed with PBS, and the home made anti-SPPV serum was 
added (sheep). After 1 h incubation, the anti-Sheep IgG-peroxidase 
(Sigma Aldrich) was added, and the plates were incubated 1 h at 37 ◦C. 
After a final wash, 50 μl per well of a substrate solution (3-amino-9- 
diethyl-carbazole in 50 mM Na-acetate buffer with 0.05% hydrogen 
peroxide) was added to reveal the reaction. The mixture was incubated 
at room temperature for 15 min. The staining was stopped by elimi
nating the substrate and adding 100 μl of the Na-acetate buffer. Obser
vation with inverted contrast microscope characterize positive wells as 
uncolored monolayer and negative wells as red stained wells. The 
antibody titer is calculated as above. 

2.5. Serological analysis by immunofluorescence assay (IFA) 

The test is similar to VNT and IPMA, reading plate wells was carried 
out by using inverted IF microscope after addition of anti-SPPV antibody 
and fluorescent rabbit antimouse dye-light 594 (Bethyl Laboratories, 
Inc.). The fluorescence signal was analyzed using an Olympus fluores
cence microscope. The wells that display fluorescent foci were desig
nated negative. And the cells that shows no fluorescence were 
considered positive. 

2.6. Statistical analysis 

Differences between antibody titers obtained by different type of 
serological tests were evaluated for significance by the method of Fisher. 
Values of p ≤ 0.01 were considered significant. 

To determine the specificity and the sensitivity of ELISA, we used 
VNT as the gold standard. We determined true positives (TPs) (ELISA 
positive and VNT positive), false positives (FPs) (ELISA positive and VNT 
negative), false negatives (FNs) (ELISA negative and VNT positive), and 
true negatives (TNs) (VNT ELISA and VNT negative). The formulae used 
were TP/(TP + FN) * 100 for the sensitivity and TN/(FP + TN) * 100 for 
the specificity. 
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3. Results 

3.1. Sensitivity study of ELISA and VNT for SPPV antibody detection 

Investigations were conducted on 220 sera for detection of SPPV 
antibody in sheep serum. Table 1 demonstrate that the highest number 
of positives tested sera was detected by VNT (70%) vs ELISA (48%). All 
negative sera by VNT were also negative by ELISA and 15 sera tested 
negative by ELISA were doubtful (13 sera) or weak positive (two sera) by 
VNT. Results also showed that half of the VNT weak positive sera were 
found doubtful by ELISA, and among 220 tested samples, 22,2% were 
doubtful by ELISA and only 6,8% by VNT. 

The sensitivity of ELISA compared to that of VNT was 87.60%, while 
specificity was 100% (Table 1). 

Obtained results demonstrate a high correlation (R2) between ELISA 
and VNT in strong positive samples (0,383), and low correlation for 
weak (0, 00343), doubtful (0.0128) and negative (0,0023). Which 
indicate a higher sensibility of VNT to detect SPPV antibody compara
tively to ELISA (Fig. 1). 

3.2. Cells sensitivity of VNT using LT, OA3.Ts and ESH-L cells 

A total number of 106 sera were selected for antibody titration by 
VNT using three types of cells; LT, OA3.Ts and ESH-L cells. Results 
showed that 99 samples were detected positive on the three tested cells. 
Seven samples were negative on LT and OA3.Ts cells, while only three 
were negative on ESH-L cells (all weak positive, average titer 0,9). The 
global titer of the 106 tested sera obtained was 1,73 on LT cells, 1,63 on 
OA3.Ts and 1,97 on ESH-L. There is a significant difference between the 
three used cells to detect CPE in VNT (〈0,001). 

Results obtained on OA3.Ts cells compared to those on LT cells 
showed a correlation factor (R2) of 0,76 while correlation between ESH- 
L and LT cells was significantly higher (0,81) which indicate that both LT 
and ESH-L cells provide almost similar results (Fig. 2). 

3.3. Investigation on VNT revelation method: CPE, IPMA and IFA 

One hundred positive sera were tested by VNT on ESH-L cells and 
revelation was carried out by three techniques: direct CPE observation 
(OIE reference), specific immunoenzymatic (IPMA) and immunofluo
rescence methods (IFA). The average VNT titer was 1,9 by CPE detec
tion, 2,5 by IPMA detection and 2,4 by IFA detection (Table 2). 
Statistical analysis showed a significant difference between the gold 
standard CPE and the specific IPMA and IFA methods (Table 3). 

4. Discussion 

A number of immunological methods can be used for antibodies 
titration; however, VNT is the recommended test in the OIE Terrestrial 
Manual for post vaccination monitoring which test reflect conferred 
protection in animals. However, VNT is a labor intensive, time 
consuming and requires biosafety level 3 containment to handle the 
infectious virus (Tuppurainen, 2017). ELISA test is more convenient for 
large scale monitoring, easy to perform and results can obtained in 24 h. 
In the presented study, we investigated 4 different serological methods 
for the detection of specific antibodies against SPPV. Samples were 

collected from vaccinated and unvaccinated sheep and tested by ELISA 
and three variant of VNT method comparatively, in the objective to 
propose the best technique for antibody detection and quantification. 

Currently vaccination against SPPV is the most effective way to 
control the spread of this virus and subsequently its economic damages 
(Madhavan et al., 2016) . Post vaccination monitoring is based on 
antibody detection in vaccinated animals, performed generally by VNT 
standard method using lamb testis cells. Recently, after LSD spread in 
Europe and Asia, an ELISA test has been developed and extensively used 
in the field for diagnosis or to evaluate conferred protection (Ochwo 
et al., 2019). Studies has proved a successful use of this test for the 
detection of antibodies against Lumpy Skin Disease (LSD) (Samojlovic 
et al., 2019). Although as indicated for the three capripoxviruses (SPPV, 
GTPV and LSD), this is the first time the ELISA commercial kit is eval
uated for SPPV antibody detection regarding its sensitivity in compari
son with the VNT gold standard. 

Results showed that VNT is more sensitive than ELISA since 22% of 
positive tested sera were negative in ELISA. In addition, weak positive 
sera in VNT were either negative or doubtful in ELISA. This finding does 
not agree with that one reported by Nina et al. (2020) with test applied 
on LSD virus in cattle suggesting that despite cross-reaction between the 
three number of capripoxviruses there is a significant difference in 
ELISA results between SPPV and LSD viruses (Kresic, 2020). 

In a previous study using an inactivated sheeppox virus as ELISA 
antigen, Babiuk and Wallace (2009) reported a sensitivity of 96% and 
specificity of 95% of the developed test, comparatively to VNT per
formed on OA3.Ts cells (Babiuk et al., 2009). This test is not available 
commercially; however, the high sensitivity and specificity could be 
explained by the use a specific SPPV antigen which probably not the case 
in our ELISA. Another similar ELISA test was developed by Bhanupra
kash et al. (2006) based on a purified goat poxvirus antigen showed a 
sensitivity of 62% vs 48% in our study (Bhanuprakash et al., 2011). 

The VNT as a gold standard technique in the OIE Manual is based on 
the use of primary lamb testis cells and the reading by CPE detection 
after neutralization with sera. Although, lamb testis are most sensitive 
cells for capripoxviruses replication it has been demonstrated recently 
that ESH-L of skin origin are more sensitive and can be maintained for 
several passages up to 40 (Rhazi et al., 2021). OA3.Ts have been also 
been used in VNT to avoid the hard work of preparation of primary cells 
but showed low sensitivity to SPPV compared to testis cells. In our study, 
sensitivity comparison between the three cells confirm that ESH-L are 
more convenient to perform VNT test since the global antibody titer 
obtained on those is higher than the titer on LT or OA3.Ts cells and CPE 
can be detect earlier an is more pronounced than in other cells. The final 
plate reading is up to 9 days in the OIE method on testis cells, while is 6 
days on OA3.Ts cells, and only 4 days by the same technique on ESH-L, 
which is a great advantage. 

To improve the VNT, we introduced a new method based on the use 
of anti-SPPV serum, which add specificity to the test. This technique has 
been used recently as a qualitative method to detect the presence or 
absence of antibody against SPPV by Haegman et al. (2019). In our 
study, sera where diluted to allow quantification of antibody, and this 
was the first time where the IPMA technique is applied as quantitative 
specific method for anti-SPPV antibody quantification. This method has 
been used for other viruses such as vaccinia virus, African swine fever 
virus, porcine circovirus type 2, swine influenza virus, swine hepatitis e 
virus (Afayoa et al., 2014; Gerber et al., 2012; Pileri et al., 2014; District, 
2014) (Direksin et al., 2002) . Obtained results demonstrated the IPMA 
technique is more sensitive than the OIE standard method (antibody 
titer 2,5 vs 1,9). The method is specific detecting only the target virus 
and in addition, results can be obtained in 3 days versus 9 days in the 
VNT method. 

IFA is also a specific method that has been used in our study to detect 
and quantify SPPV antibodies in sera of vaccinated sheep, which 
appeared to be a promising method for LSD virus (Abera et al., 2015). At 
our knowledge, VNT with revelation by IFA have never reported for 

Table 1 
Sensitivity and specificity of ELISA in comparison with VNT.  

ELISA results VNT results 

Number of positives Number of negatives 

Number of positives 106 (TP) 0 (FP) 
Number of negatives 15 (FN) 50 (TN) 
Sensitivity % 87.60% 
Specificity % 100%  
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SPPV antibody detection and quantification. The sera tested positive by 
IFA were much higher than sera tested by VNT (2,4 vs 1,9), same results 
obtained by Milovanović et al. (2019) where it's found that the per
centage of positive sera tested for LSD antibodies were obtained by IFA 
(Milovanovi et al., 2019). 

In our study the IFA seem to be as sensitive as IPMA but required 
expensive reagents (conjugated antibody) and IF microscope, reading 
could influenced by operator. IFA has been used for detection of 

antibodies against cellular antigens for more than 50 years (Cyto
chemistry et al., 2019; Coons et al., 1941; Kaplan, 1951). This method 
was applied for large groups of antigens (Billiouw et al., 2005; Duarte 
et al., 2003; Groen et al., 1989). 

5. Conclusion 

The best method for detection and quantification of anti-SPPV 
antibody remain virus neutralization test, commercial ELISA showed 
poor sensitivity for SPPV compared to VNT. The use of primary cells for 
VNT is a heavy operation and time consuming and could be advanta
geously replaced by ESH-L cells of lamb skin origin. The immunoenzy
matic revelation technique based on the anti-SPPV serum, added 
specificity to VNT with earlier results. 
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