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Abstract

The three members of the genus capripoxvirus (CaPV), lumpy skin disease virus (LSDV), sheeppox virus (SPPV),

and goatpox virus (GTPV) have common hosts and areas of overlapping geographical distribution with Rift Valley
fever virus (RVFV). Hence, to ensure more cost-effective disease surveillance we developed and evaluated a Luminex
assay for the simultaneous detection of antibodies against CaPV and RVFV in domestic ruminants. In cattle, the assay
had a sensitivity (Se) of 98.7% and a specificity (Sp) of 98.3% in detecting anti-LSDV antibodies; both diagnostic
parameters were 100% for the detection of anti-RVFV antibodies in this species. In sheep and goats, Se and Sp

were 100% for the detection of anti-SPPV and anti-GTPV antibodies while they were 100% and 98.9%, respectively
for the detection of anti-RVFV antibody. The assay did not cross react with anti-parapoxvirus antibodies of cat-

tle, sheep, and goats. This multiplex serological assay offers a practical tool for accurate detection and monitoring

of the immunological status of domestic ruminant populations against veterinary and socio-economically impor-
tant capripox- and phleboviral infections, thus has the potential to aid in the strategic application of vaccination
programmes.
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Background

Capripox diseases, namely sheeppox (SPP), goatpox
(GTP), and lumpy skin disease (LSD) affect millions of
ruminants of many low-income households in endemic
countries. Additionally, these diseases have a significant
impact on those countries’ ruminant industries which are
often major sources of country revenue. These diseases
are caused by the sheeppox virus (SPPV), goatpox virus
(GTPV), and lumpy skin disease virus (LSDV), respec-
tively. The viruses are members of the Capripoxviridae
genus within the Poxviridae family. Geographically, these
viruses are found in Africa, the Middle East, Europe, and
Asia and due to their mortality, morbidity, and effects on
animal productivity, they have been a cause for concern
in their affected regions [1]. Control measures have been
implemented in many countries, where testing for capri-
pox diseases is required for trade purposes; vaccination
rounds are well established; and sero-surveillance and
monitoring are performed periodically [2—4].

Rift Valley fever (RVF) is a zoonotic disease, caused by
the Rift Valley fever virus (RVFV). This disease has sev-
eral common hosts to capripoxvirus, including sheep,
goats, and cattle. Although, its geographic extension is
more contained than that of capripox, both are present
simultaneously in several parts of Africa and the Middle
East. RVF control programmes are not routinely imple-
mented [5, 6].

RVEV is a zoonotic arbovirus in the genus Phlebovirus
of the Phenuiviridae family, in the Bunyavirales order,
transmitted by mosquito bites as well as by contact with
infected animals [7, 8]. Sheep, goats, cattle, and buffaloes
are among the most affected [6, 9, 10], including high
rate of neonatal deaths, and abortions [5]. In humans,
encephalitis, haemorrhagic fever and death are some of
the possible severe outcomes of RVFV infections [11-
16]. The disease has seasonality which is related to the
levels of rainfall [12, 17].

Since RVF in humans displays symptoms that are often
associated with influenza or malaria, it is often misdiag-
nosed in endemic regions [18]. In animals, it is also often
misdiagnosed as brucellosis, bluetongue, enterotoxemia,
bovine ephemeral fever, vibriosis, trichomonosis, Nairobi
sheep disease, heartwater, ovine enzootic abortion, peste
des petits ruminants, anthrax or Schmallenberg disease,
among others [19, 20].

RVF is endemic in sub-Saharan Africa, with occasional
outbreaks in the Middle East [21, 22].

Trade and livestock mobility are the main causes
of RVF spread [5]. Additionally, due to seasonality of
rain and the presence of insect vectors in neighbouring
regions, as well as rainfall level variations due to climate
change, the expansion of RVF is expected in the future
[13, 14, 23].
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Even though there are vaccines available against RVE,
in most RVF endemic countries, control programmes are
not routinely implemented [5, 6].

Since these two diseases have common hosts and over-
lap geographically, we developed and evaluated a duplex
serological Luminex assay for simultaneous and differen-
tial detection of anti-capripoxvirus and anti-RVFV anti-
bodies in cattle, sheep, and goats.

For RVE, the serological diagnostic gold standard is
the virus neutralization test (VNT) [5]. Additionally,
enzyme-linked immunosorbent assays (ELISAs) are
available [5, 15]. Both techniques are sensitive and spe-
cific, but the VNT is labour intensive, requires the use of
live virus and takes several days to produce results; thus,
it is not routinely applied and only in high-biocontain-
ment laboratories. In addition, both assays target only
one disease at a time [16, 24].

Multiplex serological assays rely on coupled beads to
detect multiple analytes in one sample [6, 24]. The tech-
nological platform used in this study is Luminex, where
magnetic polystyrene beads were coated with different
antigens to detect antibodies in serum samples [25]. This
type of assay has been successfully used in the detec-
tion of antibodies against West Nile, Dengue and Ebola,
among others [6, 26, 27].

Capripox diseases are routinely assayed in many coun-
tries where RVF is also present [6]. This assay offers the
possibility to test for the presence of antibodies against
both targets simultaneously, thus allowing the determi-
nation of the immunological status of the two diseases in
a host’s population within endemic regions.

Methods

Target determination

Expression and purification of capripoxvirus target protein
As an antigenic target for capripoxvirus, we used the
homolog of the vaccinia virus C-type lectin-like protein
A34 (LSDV ORF 123). The expression and purification of
the antigen were performed as previously described [28].
This recombinant antigen was successfully used in ELISA
to detect antibodies against capripoxvirus in sheep, goats
and cattle [28]. After the initial proof of concept, the
protein, based on the corresponding sequence of LSDV
NI-2490 (NC_003027), was outsourced for production to
GenScript, Inc. (Piscataway, NJ, USA).

Expression and purification of RVFV nucleoprotein

The plasmid pET 32a-RVFV NP for expression of the
RVFV nucleocapsid (NP) protein was used to trans-
form BL21a cells (Thermo Fisher Scientific, Waltham,
MA, USA). The transformation was confirmed by DNA
amplification using the T7 promoter and T7 termina-
tor primers. The thermocycler conditions used were:



Berguido et al. Virology Journal (2024) 21:335

(1X) 95 °C, 10 min; (30X) 95 °C, 30 s; 55 °C, 30 s; 72 °C,
1 min 30 s; (1X) 72 °C, 2 min; hold at 4 °C. Cells were
grown in Luria—Bertani (LB) broth medium (Thermo
Fisher Scientific, Waltham, MA, USA) containing car-
benicillin (Merck KGaA, Darmstadt, Germany), and
protein expression was induced with 0.3% L-arabinose
and 1 mM IPTG (Merck KGaA, Darmstadt, Germany)
for five hours. The initial expression test was performed
at time points TOh, T1h, T2h, T3h, T4h, and T5h.
Upon mechanical lysis of the cells, the recombinant
NP was purified by an Invitrogen Probond kit (Thermo
Fisher Scientific, Waltham, MA, USA) which is based
on affinity purification using a nickel column to bind
His-tagged proteins. Since we wanted a native con-
formation of the protein, we followed the commercial
protocol described by the manufacturer under native
purification conditions (10 mM imidazole for binding,
20 mM for washing, and 250 mM imidazole in the elu-
tion). For buffer exchange, an Amicon concentrator
(Merck KGaA, Darmstadt, Germany) with a MWCO
of 3 kDa was used to exchange the original buffer with
storage buffer (50 mM Tris HCI, 150 mM NaCl, 25 mM
Sucrose, and protease inhibitor pills, pH 8.0).

RVFV nucleoprotein quantification

Pierce BCA for protein quantification was used follow-
ing the manufacturer’s instructions (Thermo Fisher Sci-
entific, Waltham, MA, USA).

Western blot

The proteins were analysed by SDS-PAGE. Antibody
binding in both goat and cattle positive sera, was con-
firmed by Western blot.

The preparation of proteins for the SDS-PAGE gels
and Western blots followed standard procedures. The
protein preparations (20 uL) were heated at 80 °C for
10 min in 4X LDS sample buffer (Thermo Fisher Sci-
entific, Waltham, MA, USA). The samples were loaded
onto an SDS-PAGE (NUPAGE 10% (v/v)) gel (Thermo
Fisher Scientific, Waltham, MA, USA) and transferred
to a 0.2 pum PVDF membrane (Thermo Fisher Scientific,
Waltham, MA, USA). The membrane was probed for
1 h at room temperature with anti-penta His antibody
(1:1000) (Merck KGaA, Darmstadt, Germany), washed
three times with PBS containing 0.5% (v/v) Tween 20
(PBS-T) and probed for 1 h with diluted (1:5000) goat
anti-mouse antibodies conjugated to horseradish per-
oxidase (Merck KGaA, Darmstadt, Germany). For
detection, ECL substrate (GE Healthcare, Chicago,
IL, USA) was used according to the manufacturer’s
instructions.
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RVFV NP ELISA

100 ng per well of RVFV NP purified antigen in carbon-
ate/bicarbonate buffer pH 9.6 vf=>50 pL was shaken over-
night at 4 °C in a 96 well plate (Polysorb, Nalgene). The
plate was washed 3X with 1XPBS-T and blocked with
50 pL of protein-free blocking buffer (Thermo Fisher Sci-
entific, Waltham, MA, USA), hereon known as BB1, for
30 min at 37 °C. The diluted sera were added and incu-
bated for 90 min at 37 °C. The plate was washed 3X with
1XPBS-T, and an HRP-conjugated secondary antibody
(Merck KgaA, Darmstadt, Germany), diluted 1:10 k, was
added and incubated for 45 min at RT. The plate was
washed 3X with 1XPBS-T, and 100 pL of TMB per well
was added and incubated in the dark for 10 min. 100 uL
of stop solution was added per well and the plate was
read at 450 nm.

Virus neutralization test
The virus neutralization tests were carried out as previ-
ously described [28].

Capripox serum samples

Experimental and field sera

Four types of reference population sera were used in this
study: (a) bovine LSD-positive sera (n=77) obtained
from naturally LSDV-infected animals from Bulgaria
(NDRVM]I, Sofia, Bulgaria) and the Republic of North
Macedonia (School of Veterinary Medicine, Univer-
sity “Ss Cyril and Methodius’;, Skopje, Republic of North
Macedonia). These samples were confirmed LSD-posi-
tive by VNT; (b) bovine LSD-negative sera (n=59) from
countries where the disease is historically not present,
namely France (provided by IDVet, Montpellier, France),
Austria (provided by AGES, Austria), and the Republic of
North Macedonia (sera collected before 2010) (School of
Veterinary Medicine, University “Ss Cyril and Method-
ius’, Skopje, Republic of North Macedonia); (c) Capripox-
positive sheep and goat sera (n=27) from experimentally
infected animals from Pirbright (UK), LCV (Mali) [29]
and AHI (Ethiopia) [30], which were confirmed posi-
tive by VNT; and (d) Capripox-negative sheep and goat
sera (n=181) from Austria (provided by AGES, Austria),
where the disease is historically not present. See Supple-
mentary Table 1.

Specificity control sera

Parapoxvirus-positive sera were used to determine cross-
reactivity. They consisted of 12 orf naturally infected goat
samples (provided by Stéphane Bertagnoli, Ecole Vétéri-
naire de Toulouse, Toulouse, France), 4 pseudocowpox
(PCP)-positive cattle sera from Zambia (provided by
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Maureen Ziba from CVRI, Zambia), and one bovine pap-
ular stomatitis (BPS) (provided by AGES, Austria). See
Supplementary Table 1.

Sera from longitudinal studies

We used three sets of samples from longitudinal stud-
ies. The first set comprised samples collected at 0, 6, 12,
18, 20, 23, 26, and 30-days post-infection (DPI) from
two cattle that were experimentally infected with a viru-
lent South African LSDV Neethling strain [31]. The sec-
ond set consisted of samples collected at 0, 7, 14, 21, 28,
35, 42, 49, and 56 DPI from four goats experimentally
infected with GTPV Oman 84. This was part of a larger
GTPV study with experimentally infected Ethiopian
goats [30]. The third set consisted of samples from a sin-
gle sheep produced by LCV (Mali) [29]. The sheep was
experimentally infected with SPPV Algeria/93 Djelfa and
samples were collected at 0, 7, 14, 21, and 28 DPL

RVF serum samples

Sera

Four types of reference populations of RVF sera were
used in this study: (a) bovine RVF-positive sera (n==6)
obtained from Zambia (provided by Maureen Ziba from
CVRI, Zambia), field-infected cattle from Cote d’Ivoire
(provided by Dr. Emmanuel Couacy-Hymann, Labora-
toire Central de Pathologie Animale, Bingerville), and
commercially available bovine RVF-positive serum sam-
ples (IDVet, Montpellier, France). These samples were
confirmed to be positive by cELISA (IDvet, Montpellier,
France); (b) bovine negative sera (n=56) from countries
where the disease is historically not present, namely
France (provided by IDVet, Montpellier, France), Austria
(provided by AGES, Austria) and, the United Kingdom
(the Pirbright Institute); (c) RVE-positive sheep and goat
sera (n=13) from a goat experimental infection in Ter-
amo, Italy (provided by Chiara Pinoni from Diagnostica
e Sorveglianza Malattie Esotiche, Istituto Zooprofilattico
Sperimentale dellAbruzzo e del Molise "G.Caporale"),
and sheep and goat field infections collected during rou-
tine screening at the Laboratoire Vétérinaire de Kinshasa,
DRC. These samples were confirmed to be positive by
cELISA (IDvet, Montpellier, France); and (d) negative
sheep and goat sera (n=180) from Austria (provided by
AGES, Austria), where the disease is historically not pre-
sent. All the samples were confirmed to be negative by
cELISA (IDvet, Montpellier, France). See Supplementary
Table 1.

Luminex multiplex serological assay

Coupling of target antigens to beads

The viral target antigens were covalently coupled to pol-
ystyrene carboxyl magnetic beads, in regions 34 and 63
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(Bio-Rad, Hercules, California, USA) following a modi-
fied protocol based on Anderson et al. [32]. Briefly, 1.2
x10° beads placed into a 1.5 ml Eppendorf tube were
washed, vortexed and sonicated once with 100 pL of
sterile water and 3 times with 100 pL of activation buffer
(0.1 M sodium phosphate (monobasic), pH 6.2). Sepa-
ration was performed via a magnetic separator stand
(Thermo Fisher Scientific, Waltham, MA, USA). After
a final round of vortexing and sonication, the beads
were resuspended in 80 pL of activation buffer. 10 pL
of freshly made 50 mg/mL Sulfo-NHS (Thermo Fisher
Scientific, Waltham, MA, USA) and 10 pL of 50 mg/mL
EDC (Merck KGaA, Darmstadt, Germany) diluted in
activation buffer were added to the microspheres. After
a 20-min incubation in the dark on a plate shaker, the
beads were magnetically separated and resuspended in
500 pL of coupling buffer (0.1 M PBS pH 7.4) followed
by vortexing and sonication. After two rounds of wash-
ing with coupling buffer, vortexing and sonication the
beads were resuspended in 100 pL of coupling buffer.
10 pg of purified RVFV NP, or A34-CaPV antigens in
300 pL of coupling buffer were added to the correspond-
ing resuspended carboxyl magnetic beads (regions 63
for RVFV or 34 for A34-CaPV). Per bead type, the final
volume was 400ul in coupling buffer. The beads were
incubated for 2 h on a plate shaker at 200 rpm at room
temperature in the dark, vortexing at 10-min intervals.
They were then magnetically separated, washed twice
with 1000 pL of wash buffer (0.1 M PBS, 0.05% Tween 20
pH 7.4), followed by vortexing and sonication. After the
magnetic separation of the beads, the microspheres were
resuspended once in 250 pL of BB1, then vortexed and
sonicated as described above. Then the beads were sepa-
rated via the magnetic separator, resuspended in 100 pL
of BB1 and stored at 4 °C in the dark. The number of
microspheres recovered after the coupling reaction was
counted with a haemocytometer.

Luminex multiplex assay

The filtered microplate (Merck KGaA, Darmstadt, Ger-
many) was pre-wetted by filling each well twice with
50 pL of wash buffer (10X PBS, 0.05%Tween 20) and
once with 50 pl of BB1. The liquid was removed through
the filter at the bottom of the plate via a vacuum mani-
fold (Merck KGaA, Darmstadt, Germany). A 1000 cou-
pled beads per antigen per sample or control in a final
volume of 5 pL of BB1 each were added to 100 uL of
serum diluted 1:500 in BB1 in the case of cattle samples
and 1:2000 in BB1 in the case of sheep or goat samples.
The plate covered with its lid and wrapped in alumin-
ium foil was incubated overnight at 4 °C on a horizon-
tal orbital microplate shaker set at 300 rpm. The liquid
was then removed with the vacuum manifold. 150 pL of
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wash buffer were added to each well and the liquid was
removed with the vacuum manifold. This was repeated
4 times. 50 pl of diluted species-specific (anti-ruminant)
biotin-conjugated secondary antibody (Merck KGaA,
Darmstadt, Germany), hereon known as SGB, diluted
at 1:10 k in BB1 for bovine samples and 1:40 k in BB1
for sheep or goat samples, was added to each well. The
plate was incubated for 30 min in the dark, at room tem-
perature on a horizontal orbital microplate shaker set
at 300 rpm. The liquid was then removed with the vac-
uum manifold and washed 5 times with 150 pL of wash
buffer. 50 ul of diluted streptavidin—PE diluted 1:250 in
BB1 was added to each well. The plate was incubated for
10 min in the dark, at room temperature on a horizon-
tal orbital microplate shaker set at 300 rpm. The liquid
was removed with a vacuum manifold and the wells were
washed 5 times with 150uL of reading buffer (0.01 M PBS
pH 7.4). 50 ul of reading buffer was added to the wells.
The plate was shaken at 300 rpm for 1 min. Further, 75 pL
of reading buffer was added to each well (final volume
125 pL). The plate was read in the BioPlex 200 Luminex
machine (Bio-Rad, Hercules, CA, USA) (50 beads/region
and the median value obtained for each reaction event
per bead set using a volume of 50 uL/sample).

Unless otherwise stated, all samples were analysed in
duplicate and average readings calculated. For all sam-
ples, the multiplex assay mean fluorescence intensity
(MFI) data were corrected for background levels by sub-
tracting the no-serum-added control signal from the
serum-added signals.

Optimization of RVF and capripox sera

for the duplex serological luminex assay

For cattle, a serial dilution of IgG and IgM positive RVF
and capripox positive and negative sera from 1:500 to
1:4 k and secondary antibody dilutions of 1:5 k and 1:10 k
were prepared to establish the best dilution to use for
both serum types. Supplementary Figs. 1 and 2 show the
results of RVFV NP and A34-CaPV antigen coated beads.
The chosen dilution, based on signal to noise ratio, for
cattle was set at 1:500 for the serum and 1:10 k for the
secondary antibody.

For sheep and goats, a serial dilution of goat positive
RVF and capripox sheep and goat positive and negative
sera from 1:500 to 1:4 k and secondary antibody dilu-
tions at 1:40 k and 1:60 k were produced to determine the
best dilution to use for both serum types. Supplemen-
tary Figs. 3 and 4 show the results of RVFV NP and A34-
CaPV antigen coated beads. The chosen dilution, based
on signal to noise ratio, for sheep and goat was set at 1:2 k
for the serum and 1:40 k for the secondary antibody. As
shown in Supplementary Fig. 5, the coated beads were
specific for their targeted controls.
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Statistical analysis

The Luminex fluorescence values, relevant information
about the samples, and the OD results were compiled
in Microsoft Excel (Microsoft Corporation, Redmond,
DC, USA). The background-subtracted MFI values
were calculated in Microsoft Excel, and these data
were imported into the R software for further analysis.
In addition to R base functions, the dplyr package was
used for data frame manipulation. The Shapiro—Wilk
test was used to calculate the sample distribution. The
pROC package was used for the receiver operating
characteristic (ROC) analysis, and the ggplot2 package
was used for the graphical representation of the data.
The Youden index =sensitivity + specificity-1, was used
to determine the cut-off from the ROC analysis. The
maximum value for the Youden index was used as a cri-
terion for selecting the optimal cut-off point.

Results

Expression, purification, and characterization of RVFV
nucleoprotein

Plasmid pET 32a-RVFV NP was used to transform
BL21a bacterial cells for expression of RVFV nucleo-
protein (RVFV NP). Upon amplification of the target
DNA, we observed a band of the expected molecular
weight (1490 bp) (Supplementary Fig. 6).

One of the colonies was grown and induced with ara-
binose and IPTG to express RVFV NP.

As shown in Supplementary Fig. 7, the induced frac-
tions accumulated over 5 h, producing the thickest pro-
tein band at t=5 h.

To further confirm protein expression, we tested the
induced and uninduced bacterial lysates by Western
blot, using a His-tag antibody (Supplementary Fig. 8).
We observed a protein band at the expected molecular
weight of 43 kDa. We detected the presence of a band
in the uninduced lane, suggesting low levels of consti-
tutive protein expression (“leaky vector”).

An Invitrogen Probond kit was used to purify the
expressed RVFV NP which, once purified, had a molec-
ular weight of 43 kDa on an SDS PAGE (Supplementary
Fig. 9).

After the purified protein was quantified, ELISA
plates were coated and the protein tested using positive
and negative sera, as an additional method for charac-
terization. The serially diluted sera (from 1:2 to 1:32)
showed the expected decreasing absorbance pattern
ranging from 2.8 to 1.8 for IgG positive samples, 0.95 to
0.3 for IgM positive samples and 0.4 to 0.1 for the nega-
tive control samples (Supplementary Fig. 10).
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Evaluation of the duplex serological luminex assay

Cattle sera

Cattle serum samples were tested using the above-
determined conditions for the cattle serological duplex
Luminex assay (Fig. 1). Of 77 LSD reference positive sam-
ples 76 (98%) were detected by the A34-CaPV Luminex,
while none of them were detected by the RVF Luminex.
Of 59 negative cattle samples, 58 were below the estab-
lished threshold.

Using the threshold determined by ROC analysis (Sup-
plementary Fig. 11) for the A34-CaPV Luminex, sen-
sitivity (Se) of 98.7% and specificity (Sp) of 98.3% were
established for cattle (Fig. 1). For RVF Luminex, the Se
and Sp were 100% on the bovine samples tested (Fig. 2).
This was based on six positive and 56 negative RVF sam-
ples. Five parapox positive sera tested for specificity con-
trol were negative by the assay.

Capripox cattle longitudinal study

For cattle, capripox antibodies from two animals experi-
mentally infected with Neethling strain were detected
after 12 DPI. The positivity was maintained with an
upward trend until the end collection at 30 DPI. RVF
controls (negative) were included (Fig. 3).

Sheep and goat sera

Sheep and goat serum samples were tested using the
above-determined conditions for the sheep and goat
duplex serological Luminex assay.
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Using the threshold determined by ROC analysis (Sup-
plementary Fig. 11) for the A34-CaPV Luminex, the sen-
sitivity and specificity were 100% on 181 negative and 27
positive sheep and goat samples tested (Fig. 4). For RVF
Luminex, the sensitivity was of 100% and the specific-
ity was 98.9%, on the 180 negative and 13 positive sheep
and goat samples tested. (Fig. 5). 12 parapox positive sera
tested for specificity control were negative by the assay.

Capripox sheep and goat longitudinal study

Additionally, capripox sheep and goat serum samples
from longitudinal studies previously collected were
tested. One sheep and four goat sera panels were col-
lected. Capripox antibodies for the sheep and goat panels
were detected after 07 DPIL. The positivity was maintained
until the end collection at 56 DPI for goat and 28 DPI for
sheep. RVF controls (negative) were included (Fig. 6).

Capripox longitudinal study
The results of the longitudinal studies show that anti-
capripoxvirus antibodies can be detected in all three
species tested starting at 14 DPI and to at least 56 DPI in
goats. For cattle and sheep, we detected antibodies to at
least 30 DPI and 28 DPI, respectively.

Unfortunately, for cattle and sheep, we could only
detect antibodies up to 30 DPI and 28 DP], respectively,
since we did not have samples collected after those days.

Specificity = 98.3%
20000+ Sensitivity = 98.7%
_.. 15000+
>
o
©
e
i ]
s 10000
5000+
0+ ® .
Neg'ative Pos'itive Parépox
Sera

Fig. 1 Distribution of the A34-CaPV Luminex values for LSD positive and negative reference cattle sera and parapox positive sera
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Fig. 2 Distribution of the RVF Luminex values in RVF positive and negative reference cattle sera and parapox positive sera

Discussion

We developed a duplex serological assay based on
Luminex technology capable of detecting antibodies
against capripoxvirus and RVFV in cattle, sheep, and
goats. The two diseases were selected based upon their
similar vector-borne transmissibility, common host
species affected and their overlapping geographical
distribution.

Serological assays for capripox, including ELISAs,
have been developed with greater or lesser success
[33-38]. Additionally, a commercial ELISA has been
recently made available [39].

Some of the existing RVF ELISAs are based on IgM
capture while others on indirect IgG binding [40].

There are several Luminex-based assays available
to detect antibodies against RVFV alone or in a panel
with other diseases [24, 41, 42]. However, none of the
existing assays is capable of detecting anti-capripox and
anti-RVFV antibodies in one assay.

Since the secondary antibody used for the Luminex
assay here developed has a higher binding affinity for
goat and sheep than it does for cattle, we selected two
serum and secondary dilution conditions; one for sheep
and goat and one for cattle. The antigenic targets were
tested using positive and negative sera for both diseases
in all three species, as well as positive parapox sera for
specificity control.

The nucleoprotein is the most abundant protein in
phlebovirus-infected cells and strongly immunogenic,
thus a reliable antigen for a serological assay. Moreover,
in a recent study by Paweska et al., a large-scale valida-
tion of an indirect ELISA based on RVFV NP antigen
was performed using serum panels from animals clas-
sified as infected and uninfected by the VNT. Results
of this study demonstrated high diagnostic accuracy
(>90% sensitivity and specificity) of the RVFV NP iEL-
ISA compared to VNT [16].
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Although we successfully reproduced the validated
RVFV iELISA based on recombinant NP to establish
antigen reactivity [16], we confirmed the sera status, as
positive or negative using the commercially available
IDVet cELISA.

One of the weaknesses of our assay is that the anti-
body detection is limited by the selected antigenic
target. We selected A34 of CaPV and the nucleopro-
tein of RVFV. These targets have intrinsic detection
limitations, which are incorporated into the assay. For
example, we have previously shown that A34-CaPV
ELISA requires higher serum concentration for detec-
tion in vaccinated animals [28]. Furthermore, since
LSD, SPP and GTP are serologically indistinguishable,
the selected target A34 detects any or all of the three
capripoxvirus members. Distinction can be made based
on the animal species infected [28]. Additionally, we
observed high background in some of the European
negative sera tested. This likely could be accounted
for some level of cross-reactivity background resulting
from infections with other members of the Bunyaviri-
dae genus endemic in many European countries includ-
ing Schmallenberg [43] and Toscana virus [44].

Conclusions

The assay developed and preliminarily evaluated in this
study is a single surveillance tool for rapid, accurate
and simultaneous detection of antibodies against RVFV
and LSDV. It is intended for use in endemic regions
where both viruses overlap affecting the same ruminant
species. In addition, it would allow for early detection
and response to zoonotic spread of RVFV and, more
cost-efficient monitoring of herd immunity. This infor-
mation could be used for the development of disease
hot spot maps and the identification of hyper-epidemic
areas to generate informed strategies for vaccination
programmes.
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