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Development of a competitive ELISA based
on the LSDV A33 antigen
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Abstract

appropriate for serological investigation.

Goatpoxvirus (GTPV), sheeppoxvius (SPPV), and the Lumpy skin disease virus (LSDV) is a Capripoxvirus belonging

to the family poxviridae. They can cause significant economic losses in countries where this disease are endemic.
However, effective and convenient diagnostic tools against sera antibody are not readily available until now.
Toward this goal, a polyclonal antibody competitive enzyme-linked immunosorbent assay (c-ELISA) of detecting
serogroup-specific antibody is established based on major LSDV antigen A33. Serum samples (n=605) were
collected to optimize the c-ELISA from different areas. The cut-off value for the c-ELISA was estimate using percent
inhibition (PI) values. The diagnostic performance of test including sensitivity (sn) and specificity (sp) were obtained
by receiver operator characteristic (ROC) analysis. Among these analysis, >57.61% Pl value was accepted as cut-

off of the c-ELISA, the diagnostic sn an diagnostic sp were reached to 96.4% and 98.5%, at >95% confidence
interval. These results show that the developed competitive ELISA is sensitive, specific, and reliable, which make it
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Introduction

Lumpy skin disease (LSD) is a transboundary disease
caused by the Lumpy skin disease virus (LSDV), belong-
ing to Capripoxvirus genes [1]. It leads to huge economic
losses within the cattle population, such as a drop in milk
production, weight loss, skin damage, and temporary or
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permanent sterility in both bulls and cows [2]. The dis-
ease was first reported in northern Rhodesia in 1929,
remained endemic to Africa until 1990, but then spread
into the Middle East [3, 4]. Up to 2016, the disease was
reported in many parts of Europe and Asia [5]. However,
the disease was first reported in India, China, and Ban-
gladesh in 2019 [6]. The evidence indicates a high trans-
mission rate of LSD worldwide. Moreover, LSD can also
cause acute or subacute disease in cattle and buffalo, thus
affecting cattle breeds of all ages [7].

Although experienced veterinarians can readily diag-
nose these diseases in their acute forms, low virulence
strains and other exanthemas in castles, e.g., Pseudocow-
pox, can present different diagnoses. Laboratory confir-
mation relies on classical virological techniques PCR to
identify the virus in clinical material and virus isolation
in cell culture [8]. Serodiagnosis tests available have been
based upon immunofluorescence assay (IPMA) [9] and
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virus neutralization test (VNT) or indirect fluorescent
antibody test (IFAT) [10]. Virus neutralization assays are
the gold standard for detecting antibodies because they
are both specific and sensitive. However, conventional
virus neutralization assay requires handling infectious
viruses under biosafety level (BSL)-3 condition. Further-
more, it takes several day to obtain results. Diagnostic
and screening tests are the primary tools for a successful
epidemiological study [11].

Serological diagnosis assays such as enzyme-linked
immunosorbent assay (ELISA) are easy to perform at
a veterinary clinic and do not require very complicated
equipment. Moreover, ELISA requires less operation
time, thus enabling many samples to be tested quickly
with high sensitivity and specificity. ELISA methods are
also important for assessing immune responses in vac-
cinated animals. Several ELISAs have been developed
based on recombinant viral proteins [12]. However, at
present, there are no reports about nonstructural pro-
tein-specific antibody assay to diagnose LSDV infection.

ORF122, an analog of the A33 protein of “vaccinia
virus” (VACV). A33 is a highly conserved specific type
II membrane glycoprotein protein mainly present in the
extracellular enveloped virus (EEV), essential for effi-
cient EEV formation and long-range viral spread within
the host. It also plays an important role in effective cell-
to-cell spread within the host [13, 14]. CaPV-A33R is
predicted to be highly hydrophilic, with a predicted
C-terminal transmembrane domain 183-204 aa with a
high antigenic index, as predicted from its amino acid
sequence. The poxvirus protein, namely A27L, A33R,
B5R, and L1R, has been shown to induce neutralizing
antibodies and immunodominant antigens [15].

The competitive ELISA (cELISA) was developed to
detect serum antibody responses against many viruses
[16, 17]. It is based on a labeled monoclonal antibody or
polyclonal antibody specific to a target antigen. This anti-
body competes with serum antibodies for binding to the
antigen, thereby enabling detection and measurement of
pathogen-specific antibodies. Furthermore, since cELISA
does not require a species-specific secondary antibody, it
has an advantage over conventional ELISA in detecting
serum antibodies in any animal species.

This study developed a competitive ELISA against
LSDV based on LSDV A33 antigen and anti-A33 Poly-
clonal antibody, which offers the prospect of reliable,
high-throughput sero-surveillance on a flock or herd
basis.

Materials and methods

Sera

Cattles were experimentally infected with different cap-
ripoxvirus isolates, kindly provided by the Lanzhou
veterinary research Institute, and sera were collected
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at various time intervals following vaccination. Cattles
were infected with LSDV with Gansu in China isolates.
Orf virus-positive sera were collected from sheep experi-
mentally infected with the orf virus [18]. All animal were
handled in accordance with the Good Animal Practice
Requirements of the Animal Ethics Procedures and.

Guidelines of the People’s Republic of China, and the
protocol was reviewed and approved by the Animal Eth-
ics Committee of Lanzhou Veterinary Research Institute,
Chinese Academy of gricultural Science. Cattle sera from
native animals or animals infected with LSDYV, either
experimentally or in field outbreaks, were obtained from
Lanzhou.

Construction of A33 expression vector

A primer set (A33R-F/A33R-R) targeting A33R gene
sequence (201-591), encoding for a truncated length
A33R without the trans-membrane region as well as
C-terminal region (aa) was designed based on a reference
gene sequence available in GenBank (Acc. # DQ184476),
forward primer A33R-F 5- ccgGAATTCATGTTAG-
CATTTTTTAATAATAC-3] and reverse primer A33R-R
5- ccgAAGCTTTTAAAAAAAAGATCTTACACAG-3!
These oligonucleotides had added restriction enzyme
sites (underlined) for EcoRI and Hind III, respectively, at
the 5" ends and primer tags (small letters).

The DNA extracted from LSDV/Xinjiang/China/2019
using a viral DNA extraction kit (TaKaRa) as the manu-
facturer’s protocol was used as a template in a PCR reac-
tion mixture. A partial A33R gene was amplified using
gene-specific primers (A33R-F and A33R-R). The PCR
reaction mixture (50 pl) was comprised of primers (10
pmol of each) along with 5xTaq PCR Master mix (MBI
Fermentas, USA) and a final volume made up by nucle-
ase-free-water. The cycling condition was: initial dena-
turation at 95 °C for 5 min, followed by 34 cycles of
denaturation at 94 °C for the 40 s, annealing at 55 °C for
40 s, extension at 72 °C for 1 min, and a final extension at
72 °C for 10 min. The amplified PCR product and pET30a
vector were digested with EcoRI and Hind III enzymes
and gel purified. In a standard reaction, the insert was
ligated into the pET30a vector, and the recombinant plas-
mid (pET30a-A33R) was transferred into E. coli J]M109
strain initially and subsequently into expression host
cells E. coli BL21 (DE3) cells. The recombinant strain
with pET30a-A33R plasmid named RpET30a-A33R and
sequenced by Shanghai Biological Co., Ltd.

Expression, purification of the recombinant A33 fusion
protein

RpET30a-A33R was cultured at 37 °C for 3 h with
200 rpm agitation after the OD600 value was reached
0.6, 0.1 mM isopropyl-p-D-thiogalactopyranoside (IPTG)
was added and kept at 37°C for 6 h. The sediments were
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collected and washed three times using PBS. The pro-
tein of LSDV A33 was purified by Ni-bind@ Resin (GE
Healthcare bio-science, Sweden). The purified protein
was dialyzed against phosphate-buffered saline (PBS),
diluted 4:1 in glycerol after SDS-PAGE analysis, and
stored at -70 °C before use in ELISA and immunization.
For confirmation, the proteins were resolved by
electrophoresis on 12% Bis-Tris polyacrylamide gels
(Shanghai Sangon Biotech, China) and transferred to
polyvinylidene fluoride membranes (Immobilon-P Trans-
fer membranes, Millipore). Membranes were blocked for
12 h at 4 °C in 5% (wt/vol) Tris-buffered saline supple-
mented with 0.1% Tween 20 (TBST)-diluted milk (BSA,
Amresco) buffer. Membranes were incubated with pri-
mary antibody diluted in 5% (wt/vol) BSA and 1 x TBST
at room temperature. The detection was carried out with
1:400 diluted LSDV positive serum as primary antibody
and 1:15000 diluted rabbit anti-bovine IgG horseradish
peroxidase (HRP) conjugate (Stan cru, USA) as a second-
ary antibody. The blots were detected by the enhanced
chemiluminescence detection kit (#1705062, Bio-Rad)
after incubation with an appropriate secondary antibody
conjugated to horseradish peroxidase. All the membranes
were imaged with the ChemiDoc XRS+system (Bio-Rad).

The polyclonal antibody preparation

Three experimental rabbits of three-month-olds were
immunized subcutaneously with A33 protein antigen
diluted in PBS and emulsified with an equal volume of
complete Freud’s adjuvant (Sigma, USA). The rabbits
were injected two times at an interval of 14 d with the
same concentration using incomplete Freud’s adjuvant as
a boost. Test bleeding was done after 14 d of final immu-
nization, and an indirect ELISA confirmed the titer of the
specific antibody.

Development of the competitive ELISA

The competitive ELISA conditions were optimized by
checkerboard titration using serial dilutions of A33 pro-
tein tested against serial dilutions of known positive and
negative bovine sera.

A checkerboard titration was performed to determine
the optimal working dilution of the coating antigen,
serum, competitive antibody, and horseradish peroxi-
dase-labeled mouse anti-rabbit IgG (HRP-IgG) (Santa
Cruz, sc-2357) using a 96-well ELISA plate. Antigen coat-
ing concentrations were 16 pug/ml, 8 pg/ml, 4 pg/ml, 2 pg/
ml, 1 pg/ml and 0.5 pg/ml per well, and serum dilutions
were 1:2, 1:4, 1:8, 1:16, 1:32 and 1:64. The dilutions that
gave the smallest difference between positive and nega-
tive serum (P/N) by absorbance at 450 nm were selected.
Test sera included positive, negative, and blank sample
controls, controls without serum.
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After optimization, competitive ELISA was performed
using the following procedure. Ninety-six well ELISA
plates (Costar) were diluted in carbonate buffer with
1000 folds (protein concentration 2 mg/ml) coated with
100 pl and incubated overnight at 4°C. Then plates were
sealed with 5 g/LCasein (Sigma) and incubated for 2 h
at 37°C. After three washes with phosphate-buffered
saline (PBS) containing 0.05% Tween 20 (PBST), serum
samples were diluted 1:2 in dilution buffer (PBS), in a
50 pl volume well, the competitive antibody in a 50 pl
volume well mixing and incubated for 30 min at 37°C,
internal controls including positive, negative controls
serum and 100% control wells without serum. After four
washes, horseradish peroxidase-conjugated mouse anti-
rabbit serum was added in the same dilution buffer at an
appropriate working concentration, 100 pl per well, and
incubated at 37°C for 30 min. After three washes, color
was developed with 3,35,5’-tetramethylbenzidine (TMB,
Sigma), and the reaction was stopped after 15 min with
2 M H2SO4. The optical density (OD) of the samples
were read at 450 nm with a microplate reader (Model
680. Bio-Rad).

The Percent inhibition (PI) value = (1- mean OD value
at 450 nm of sample/ mean OD of 100% control well
without serum at 450 nm)x100. Those normally applied
in studies conducted in our laboratory were needed
for considering a run valid: mean OD of 100% control
wells=1.510.5, the PI of positive control >60%.

Panel sera employed for the validation of the method

A panel sample was employed, including 605 negative
sera and 110 LSDV positive sera, divided into detailed
categories.

350 field samples without LSDV exposure, collection of
serum samples was performed in 3 Gansu province farms
during 2017 (no LSD in china).

100 field samples of Yak without LSDV exposure, col-
lection of serum samples was performed in Gansu prov-
ince farms during 2018(there has no LSD in china).

155 field samples without LSDV exposure, collection of
serum samples was performed in 2 Gansu province farms
during 2020, and these were confirmed based on Capri-
pox double antigen multi-species ELISA (ID.Vet).

40 positive sera came from the experimental infection
(Lanzhou Veterinary Research Institute P3) and con-
formed based on PCR detection and Capripox double
antigen multi-species ELISA kit (ID.Vet).

37 positive sera came from the immune bovine
with inactivated Goatpox vaccine (Lanzhou veteri-
nary research institute) and conformed based on Virus
Neutralization Test (According to the OIE operating
procedure).

33 positive sera with LSDV exposure were collected in
Guangdong province, Xinjiang, and Hebei provinces and
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confirmed based on Capripox Double Antigen multi-spe-
cies ELISA (ID.Vet).

1 positive serum of FMDV, 1 positive serum of BVDYV,
1 positive serum of Brucella, 1 positive serum of blue-
tongue, and 1 Orf virus-positive sera were stocked in
Lanzhou Veterinary Research Institute.

Cut-off estimation, statistical validation, and
determination of the C-ELISA

A receiver operating characteristic (ROC) curve is a
graphical representation of the relative effects of the false
negative and false positive rates for every possible cut-off,
and it is an effective method of evaluating the quality or
performance of diagnostic tests. Therefore, the discrimi-
nating power of the competitive ELISA for anti-A33R
antibody detection was evaluated by a ROC curves analy-
sis [19] using Medcalc statistical software version 20.008
(https://www.medcalc.org/), trial version. The accuracy
of a diagnostic test is displayed in an interactive dot dia-
gram, where data of the negative and positive groups are
displayed as dots on two vertical axes.

Validation, repeatability, and comparison of the c-ELISA
The coefficient of variation (CV) was calculated between
plates (inter-assay variation) and within the same plate
(intra-assay variation) for 30 sera samples (20 positive,
10 negative) to validate the test and evaluate repeatabil-
ity. For inter-assay CV, each sample was tested on three
different plates on different occasions, and for intra-
assay CV, four replicates within each plate were assayed.
A total of 30 experimentally generated evaluated by the
ELISA and MNT.

5422bp

2000bp
1000bp
500bp

250bp
100bp

393bp

Fig. 1 Construction of pET-30a- A33R expression plasmid. Lane 1: The
recombinant plasmid was digested by EcoRl and Hind Il (~393 bp). The
length of A33R gene fragments is 393 bp, the length of the vector frag-
ments is about 5422 bp. Lane 2: Agarose gel electrophoresis showing PCR
amplified A33R gene, A33R gene fragments is 393 bp. M: DNA2000 Marker
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Results

Construction of expression plasimids

The A33 gene fragment of 393 bp was amplified from
LSDV DNA. The construction of the pET30a-A33R plas-
mid was confirmed by restriction enzyme digestion and
sequencing analysis (Fig. 1).

Expression, purification and Western blot analysis of the
pET-30a-A33R protein

The pET30a-A33R plasmid transformed BL-21 Esch-
erichia coli was inoculated in LB medium with kan+
(50 pg/ml) using 0.5 mM IPTG to detect the expression
of the fusion proteins. Total proteins were extracted and
detected by Western blot with LSDV positive, negative
serum, and rabbit anti-bovine mAb. The result showed
that A33 protein was properly expressed and yielded a
band of the molecular weight of 19 kDa, which is consis-
tent with its predicted size,. The result showed that A33
protein reacted well with LSDV serum (Fig. 2a, b).

Detection of the polyclonal antibody

The collection of blood was conducted before every
immunization and two weeks after the final inoculation,
and antibody titer of all serum samples was measured
using the enzyme-linked immunosorbent assay (I-ELISA)
method in our lab, and the antibody titer was researched
about 1:50000 use as the competitive antibody for the
c-ELISA.

Optimization of the c-ELISA

The c-ELISA was optimized to make maximum discrimi-
nation between positive and negative samples based on
the PI values. Different A33 protein concentrations and
serum dilutions were used to obtain the maximal dif-
ferences in the OD values between the known positive
and negative control sera. The ELISA’s optimal condi-
tions were 100 pl of the A33 protein at 2 pug/ml in coat-
ing buffer overnight, 50 pl serum without dilution and
50 pl competitive antibody, the optimal concentration
of competitive antibody was 1:20000 for 30 min, and the
concentration of HRP-conjugated mouse anti-rabbit IgG
antibody was 1: 8000 for 30 min.

The cutoff values of positive and negative

490 negative samples were tested in duplicate by c-ELISA
to set negative/positive cutoff values. The PI value (OD
450 of test serum/negative serum) of the 30 serum sam-
ples was compared with the VNT results. The end-point
cut-off was determined by analyzing a receiver operating
characteristic (ROC) curve based on PI values. Differ-
ent cut-off values and their respective sensitivity (se) and
specificity (sp) were obtained on ROC analysis. Among
these, 57.61% PI value was accepted as the cut-off for
c-ELISA at which se was 96.4% with 91.0-99.0 (95%)
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Fig. 2 Analysis expression of the A33 protein. SDS-PAGE analysis of LSDV A33 expressed in E. coli BL21 (DE3). The expression vector pET-30a-A33 was
transformed into the E. coli BL2T (DE3), protein expression was induced by adding 0.5 mM IPTG. Lane 1 The expression product in supernatant, Lane 2-3
Expression product in inclusion body, M: Marker of molecular. b. Western blot analysis of recombinant A33 protein with LSDV infected positive serum and
anti-bovine HRP monoclonal antibodies. The result showed A33 protein could react with the LSDV infected positive serum. Lane 1 Expression A33 protein
reacted with LSDV positive serum, Lane 2 Expression A33 protein reacted with LSDV negative serum, M: Marker of protein molecular
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Fig.3 (a). Receiver operating characteristic (ROC) for estimation of cut-off values of c-ELISA. Sensitivity over (100-specificity) at different cut-off values. (b).
Interactive dot diagram (0=negative; 1 =positive); the data of the negative and positive groups are displayed as dots, corresponding to the vertical axes.
Cut-off value decided at 57.61% inhibition level (horizontal line) differentiates the positive and negative sera samples

confidence interval, and sp of 98.51% with 97.2-99.3
(95%) confidence interval was achieved (Fig. 3a and b).
The area under the curve in the c-ELISA was determined
to be 0.986 at 0.974 to 0.993 confidence interval.

Analytical specificity of cELISA

No cross-reactivity of cELISA was detected with positive
sera against a variety of other viruses such as orf, FMDV,
BVDYV, and Brucella, as all of them gave values below the
defined positivity cut-off values (data not shown). These
data indicated that the A33 antigen possessed a good
analytical specificity.

Validation of the c-ELISA

The inter-assay CV ranged from 1.5 to 4%, and the
intra-assay CV ranged from 4 to 7% for 30 different sera
selected for validation testing (Table 1).

When detecting the immunity serum with c-ELISA,
four cattle were positive for A33 antibody at 14 d first
immunization, all cattle (n=15) were positive at 14, 21,
28 d post-immunization (Table 2). VNT confirmed the
results. When detecting the infection serum (Infection
(BSL)-3 conditions) with c-ELISA, 2/6, 4/6 cattle were
positive for A33 antibody at 9and 12 d post infection
respectively, and 6/6 cattle were positive for A33 anti-
body at 15, 21, 28, 35 d (data not shown).
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Table 1 The result of detecting immunity antibody
Total immunity C-ELISA
Animals (post-two-immunization) 0 dpi 7 dpi 14 dpi 21 dpi 28 dpi

N P N P N P N P N P
15 15 0 Il 4 4 I 4 " 4 Il

Note: “N” denoted negative; “P” denoted Positive; “dpi” denoted “day post-immunization”

Table 2 Repeatability measures for the LSDV c-ELISA repeated for a strong positive, weak positive, and negative serum samples

Measures Intravariation Intervariation

SP WP N SP WP N
Replicates 10 10 10 10 10 10
Mean(%) 95.38 70.2 39.05 94.69 69.59 39.16
Standard 2.025 1.019 153 3.282 4536 1.675
Coefficient of variation 2123 1.452 3915 5422 6.519 4.278

Note: “SP” denoted “Strong Positive”; “WP” denoted “Weak Positive”; “N” denoted “Negative”

Discussion

It is important that diagnostic laboratories can effi-
ciently and quickly detect LSDV infection when disease
outbreaks occur. A precise and rapid diagnosis of LSDV
infection is important for applying virological and sero-
logical diagnostic assays. Capripox double antigen multi-
species ELISA has already been developed and used to
detect antibodies to LSDV in other countries [20]. Indi-
rect ELISA based on p32 and A27 Capripox virus parti-
cles as antibodies have been reported [21, 22]. However,
the competitive ELISA used to detect antibodies to LSDV
has not been reported. The present study describes a
c-ELISA method based on the A33 antigen. A33 is a high
conservative extracellular enveloped virus (EEV)-specific
type II membrane glycoprotein in all capripoxvirus and
contains an antigenic determinant and a target for neu-
tralizing antibody responses against EEV [14]. Thus, A33
is important in the pathogenicity, diagnosis, prevention,
and control of capripoxvirus [15]. Therefore, establish-
ing ELISA detection methods with A33 protein as the
antigen is essential since in LSDV- infected /immunity
animals, middle and late-stage antibodies are produced
against A33 protein. In this study, LSDV A33 protein was
expressed well in E.coli system, and expressed product
is mainly inclusion body, after purification, dialysis and
refolding, was stored at —40 ‘C. Furthermore, the protein
had good stability, it was used to coat plates and test the
reference serum samples after stored for 24 months at
—40 ‘C, the OD450 value didn'’t decrease.

The optimization of a c-ELISA between the group-spe-
cific polyclonal antibody against A33 and a concentration
of recombinant A33 antigen. The competitive ELISA was
optimized to make maximum discrimination between
positive and negative samples based on the PI values. The
test was optimized to obtain the OD 450 of control with-
out serum close to 1.5 while the OD 450 value of the pos-
itive control remains below 0.4. The A33 antigen, when
adsorbed at a concentration of 200 ng/well, was found to

be optimum to appreciate the competition, and the opti-
mization dilution of serum and anti-A33 antibody at the
of 1:1 and 1:20000, respectively. The optimum dilution of
the secondary antibody conjugate (anti-Rabbit HRP) at
this condition was found to be 1:8000.

A panel of serum samples of known antibody sta-
tus was collected from cattle using ROC analysis. On
ROC analysis, different cut-off values and their respec-
tive se and sp were obtained. When 57.61% PI value was
accepted as the cut-off for develop c-ELISA, the se was
96.4% with 91.0-99.0 (95%) confidence interval and the
sp of 98.5% with 97.2-99.3 (95%) confidence interval
(Fig. 3a and b). The area under the curve in the c-ELISA
was determined to be 0.987 (SE % 0.00445) at 0.978 to
0.993 confidence interval, this showed a high specificity
and sensitivity of the develop c-ELISA. The results also
indicate the c-ELISA’s base on A33 protein has diagnos-
tic potential for detecting specific antibodies in serum.
But it is not enough good, perhaps the intervals of serum
sample collected post-infection or immunization can
affect the analytical sensitivity and specificity of detec-
tion. The coefficient of variation (CV) calculated for the
normalized data obtained from replicates of the strong
positive, weak positive, and negative serum are shown in
Table 1. The result of the %CV of intra-inter batch dupli-
cability tests was less than10%, which showed that the
develop c-ELISA had good repeatability and specificity.
In particular, the diagnostic se and sp of c-ELISA were
evaluated by detection serum come from immune and
infection bovine comparting it with VNT and clinical
signs. All of 6 cattle were infected in (BSL)-3 laboratory,
the serum was collected in different infection d, in which
antibody could be detected starting 9 to 12 d, but VNT
could be detected starting 12d, the result of c-ELISA was
consistent with the VNT from post-infection 15 d (data
not shown).VNT was recommended as gold standard, we
confirmed that anti-A33 antibody has neutralizing activ-
ity, in this study, 6 infection serum in different days was
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detected, the result was agree with VNT after infection
15 day, the number of the samples was limited, in the fol-
low up work, in order to improve the applicability more
accurately, more serum samples that known bankground
was detected by developing c-ELISA method. as expect,
it is need to test more serum samples to confirm whether
it can replace virus neutralization test.

In WOAH Terrestrial Manual 2023, ELISA method has
been recommended as a diagnostic tool for evaluating the
immune response and infection to LSDV because of the
technology is simple and rapid. In this study, the obtained
cut-off value gave an assay with a high degree of specific-
ity and sensitivity. The assay also had good repeatability
and promised to be useful in clinical application.

Conclusion

In this study, we established a c- ELISA using the A33
protein of LSDV as an antigen. The assay provides an
alternative, inexpensive, and rapid serological detection
method suitable for LSDV antibody detection on a large
scale.
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