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ABSTRACT

Lumpy skin disease is a highly contagious infectious transboundary disease of cattle, resulting in significant economic
losses. The wide and rapid spread of lumpy skin disease to new territories emphasizes the objective need to improve diagnostic
methods. The article outlines the findings of lateral flow assay parameter optimization for lumpy skin disease detection using
recombinant P32 antigen. It was found that the optimal amount of protein for immobilization on 20 nm colloidal gold particles
was 20 pg/mL. Bovine serum albumin at a final concentration of 0.25% was used to stabilize the conjugate. The optimal
dilution of the conjugate was 1:2, and the concentration of recombinant protein and anti-species antibodies for application to the
membrane was 500 pg/ml and 250 pg/ml, respectively. The colloidal gold conjugate interacted with antibodies and specifically
reacted with the recombinant protein. No cross-reaction with other proteins was noticed at the same time. The created express
test allowed for the detection of antibodies from immunized animals when the serum was diluted up to 1:200, however, 1:50
was the ideal ratio. The conjugate remained active after 90 days of storage at room temperature. The findings demonstrate the
express method’s potential for use in serological research for the prevention and control of the spread of lumpy skin disease.
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INTRODUCTION

Lumpy skin disease is a transboundary disease and poses a
serious threat to livestock, causing significant economic dam-
age both within our country and in the world as a whole [1].
Lumpy skin disease is a transboundary illness that poses a
serious threat to livestock and has a large negative economic
impact on both our country and the rest of the globe. The risk
of lumpy skin disease is related to severe morbidity among
unvaccinated cattle reaching 85% and mortality reaching up
to 40% in some cases. Historically lumpy skin disease was
widespread in Africa, however, in 1988 the disease was first
noted in Egypt. The first incidence of lumpy skin disease doc-
umented outside of the African continent was in Israel in 1989
[2]. Later, the lumpy skin disease virus spread to some coun-
tries in some Middle Eastern, European, and Asian countries
[1, 3, 4]. In Kazakhstan, lumpy skin disease was first regis-
tered in 2016, in the Atyrau region. In 2016, the Atyrau region
in Kazakhstan witnessed the first case of lumpy skin disease.
Since lumpy skin disease was first reported in the Russian
Federation in 2015, it is likely that the virus was brought into
the country from there [5]. Lumpy skin disease is caused by
a virus belonging to the Capripoxvirus family, which also in-
cludes shippox and goatpox viruses [6].

The clinical signs of the disease are fever, formation of
nodules on the skin and mucous membranes, lesions in the
respiratory and gastrointestinal tracts, and enlargement of su-
perficial lymph nodes [7]. It is believed that blood-sucking in-
sects, such as mosquitoes, flies and ticks, are the main mech-
anism of transmission of lumpy skin disease virus from sick
animals to healthy ones [8]. According to the World Organi-
zation for Animal Health (OIE), the virus neutralization test,
enzyme-linked immunosorbent assay (ELISA), indirect flu-
orescent antibody test, and western blot analysis are the pri-
mary serological methods used for diagnosing lumpy skin
disease [9]. However, all these methods are time-consuming,

and require laboratory conditions, appropriate equipment, and
trained personnel. In contrast, such a rapid method as lateral
flow assay (LFA) does not require the above conditions. At
the same time, LFA is practically not inferior in sensitivity
and specificity to ELISA. The analysis can be carried out in
the field by a veterinarian or a farmer and get results within
15-20 minutes.

The creation of an express test for detecting antibodies
against lumpy skin disease is an urgent task given the rapid
spread of the virus, the ongoing importation of animals from
other countries, and the widespread distribution of the lumpy
skin disease virus in blood-sucking insects in our country
[10]. The article outlines the outcomes of developing the key
LFA parameters based on a recombinant P32 antigen for the
purpose of identifying antibodies in the serum of immunized
animals.

MATERIALS AND METHODS

Ethical approval

This study was approved by the Ethical Committee of the
National Center for Biotechnology, Astana, Kazakhstan (Pro-
tocol No. 3 dated 07.08.2020).

Reagents and materials

The previously obtained recombinant p32 antigen of the
lumpy skin disease virus was used for application to the test
line. On the control line, anti-species antibodies were used.
Colloidal gold was synthesized with chloroauric acid (Sig-
ma-Aldrich, St. Louis, MO, USA), sodium citrate (Appli-
Chem, Darmstadt, Germany), and mQ grade water. Sodium
chloride, bovine serum albumin (BSA) (PAA Laboratories,
Pasching, Austria), phosphate-buffered saline (PBS) (Gibco,
Paisley, UK), and recombinant protein G (Invitrogen, Rock-
ford, IL, USA) were used in the work. The strip’s construc-
tion featured a nitrocellulose membrane of the CNPC-SS12-
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L2-H50 type (Advanced Microdevices PVT.LTD, India), a
sample pad - PT-R5, a glass fiber membrane for the conju-
gate - GFB-R4 (India), and an absorbent pad - AP-045 (India).

Animals

Rabbits weighing 2 kg and 8-9 months old had been used
in the experiment. A vaccine strain against lumpy skin disease
of cattle and sheep pox (VNIIZZH strain, Russia) was subcu-
taneously injected into the withers of animals in a quantity of
200 pL at a dilution of 1:100. Immunization was done on days
1, 12,24, and 36. Days 10, 22, 34, and 46 following immuni-
zation were used to collect blood from the ear vein. Complete
Freund’s adjuvant was added to the first vaccination while in-
complete Freund’s adjuvant was added to the second vaccina-
tion. The use of an adjuvant was omitted from subsequent im-
munizations. Serum samples were stored at -20°C.

Preparation of colloidal gold solution

A solution of colloidal gold was prepared by the citrate
method [11]. The estimated diameter of colloidal gold par-
ticles was about 18—20 nM. Briefly, 100 mL mQ grade wa-
ter was passed through a 0.22 pm filter into a sterile 500 mL
flask and a sterile magnetic anchor was added. Next, the flask
was placed on a magnetic stirrer and the cooling system was
connected. One mL of a 1% of a colloidal gold solution was
added to the flask and stirred until boiling, after which four
mL of a freshly prepared 1% of sodium citrate solution was
added and boiled for 15 minutes. The colloidal gold solu-
tion was cooled at room temperature protected from light and
stored at 4°C.

Determination of the optimal concentration of protein G
for immobilization on colloidal gold.

Protein G diluted in water quality mQ from 1 to 30 pg/mL
in an amount of 100 pL was added to the tubes. From above,
1 mL of colloidal gold solution was added, mixed, and incu-
bated for 10 min at 25°C. Next, 100 pL of 10% NaCl (Appli-
Chem, Darmstadt, Germany) was added, and the incubation
procedure was repeated. The optical density of the samples
was measured on a microplate spectrophotometer at a wave-
length of 580 nm. A dependence graph was constructed using
the optical density results.

Preparation of colloidal gold conjugate with protein G
and determination of its stability.

The optimal concentration of protein G was added to a
colloidal gold solution (pH 6.0) and incubated at 25°C for
20 minutes with constant stirring on a shaker. A final concen-
tration of 1%, 0.5%, and 0.25% was then reached by adding
10% BSA. After mixing, the tube was incubated for 30 min-
utes on a shaker at 25°C. Unbound protein was separated by
centrifugation at 8000 x g, for 40 minutes. The supernatant
was removed and the soft pellet was resuspended in PBS, pH
7.4 with the addition of the appropriate concentration of BSA.
The resulting conjugate was applied to a glass fiber membrane
in different dilutions and left to dry at room temperature. The
activity and mobility of the conjugate were determined after
1,7, 14, 28, 60, and 90 days.

Assembly of the test strips

The test and control lines were applied to the nitrocellu-
lose membrane using an XYZ3050 dispenser (BioDot, USA).
To determine the optimal parameters, the P32 antigen was ap-
plied to the test strip at different concentrations, from 100 pg/
66

mL to 1 mg/mL, and anti-species antibodies were applied to
the control strip at a concentration of 100 pg/mL to 500 pg/
mL. The application volume was 2 pL per 10 mm of the mem-
brane width. After drying at 25°C for 24 hours, the membrane
was cut into strips 4 mm wide using a CM4000 modular cutter
(BioDot, USA). Colloidal gold-protein G conjugate was man-
ually applied to a 4x6 mm glass fiber membrane and dried at
25° C for 24 hours. Subsequently, a membrane with a conju-
gate was applied to the adhesive base of the membrane, and a
sample pad was placed on top. An absorbent pad was applied
to the adhesive base on the strip’s opposite side.

Evaluation of the effectiveness of the LFA on laboratory
animals

The analysis was carried out at room temperature. The col-
lected strips were immersed in test tubes with blood serum
samples in various dilutions (150 pL) and left for two min-
utes in a vertical position. Then the strips were transferred to
a horizontal surface and the reaction was recorded after 15-
20 minutes. The analysis was carried out by the presence and
intensity of the color of the test and control lines. The anal-
ysis was evaluated by the presence and color intensity of the
test and control bands.

RESULTS

A bright cherry-colored solution with particles that were
around 20 nm in diameter was produced as a result of the syn-
thesis of colloidal gold (Figure 1).

Figure 1. Colloidal gold synthesis process.

A - before adding sodium citrate; B - 1 minute after the addition of
sodium citrate;

C - 15 minutes after the addition of sodium citrate.

In order to determine the optimal amount of protein for
adsorption on colloidal gold, various concentrations were
used, from 0 to 30 pg/mL. The reaction was evaluated visu-
ally (Figure 2) and by optical density (Figure 3). Figure 2 il-
lustrates how the addition of 10% NacCl leads to the degra-
dation of colloidal gold in tubes with protein concentrations
ranging from 2 to 12 pg/mL. The graph shows that the opti-
cal density increases initially and peaks at a protein concen-
tration of 8 g/mL, then falls and plateaus at a protein G con-
centration of 20 g/mL.

Colloidal gold-protein G conjugate showed its activity
during the entire period of storage at room temperature (Fig-
ure 4 A). The figure shows that the conjugate leaves the mem-
brane and binds to the antibodies. It was also found that there
was no significant difference when adding different amounts
of BSA to the buffer, so further work was carried out with a
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Figure 2. Determination of the optimal concentration of protein G for immobilization on colloidal gold
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Figure 3. Dependence of protein G adsorption on colloidal gold.
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Figure 4. A - Activity of colloidal gold conjugate with protein G.
1 - after one day, 2 - after seven days, 3 - after 14 days, 4 - after

28 days, 5 - after 60 days, 6 - after 90 days. B - Signal intensity
depending on the dilution of the conjugate.

concentration of 0.25%. The most optimal dilution of the con-
jugate was 1:2 (Figure 4 B).

As a result of optimizing the amount of antigen applied to
the membrane, it was found that the optimal antigen concen-
tration is in the range of 500-800 pg/ml (Figure 5A). For sec-
ondary antibodies, the optimal concentration was in the range
0f 200-300 pg/ml (Figure 5B).

1:20 1:50 1:100 1:200

1:400

A

CL

Figure 5. Optimization of applied proteins on the test and control
lines.

A - P32 antigen. B - Secondary antibodies

Optimal concentrations of the antigen and secondary anti-
bodies were used to detect antibodies in the serum of immu-
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Figure 6. Sensitivity and specificity assessment of the test. A -
Dilution of serum of a rabbit immunized with a vaccine strain. B -
Determination of cross reaction. 1 - Omp31 protein (brucellosis),
2 - BP26 protein (brucellosis), 3 - p24 protein (leukemia),
4 - 3B protein (foot and mouth disease), 5 - MOMP protein
(campylobacteriosis), 6 - negative control,

CL - control line, TL - test line

nized animals. The strips were added to different dilutions of
blood serum. It was shown that the optimal dilution of serum
was 1:50 (Figure 6).

The conjugate specifically bound to the recombinant P32
protein on the test line, as shown in Figure 6. No reaction was
observed when utilizing a non-immunized rabbit’s serum. Ad-
ditionally, the reaction was negative when heterologous pro-
teins of pathogens causing diverse animal diseases were used.

DISCUSSION

Over the years of capripoxvirus spread, numerous serolog-
ical test systems have been created. An indirect ELISA test
based on whole inactivated sheep pox virus was one of the
first. The specificity and sensitivity of the test were 97% and
88%, respectively [12]. A novel indirect ELISA has recently
been developed and tested to detect antibodies to the lumpy
skin disease virus [13]. The authors used purified and inacti-
vated lumpy skin disease virus as an antigen. The results re-
vealed that the home test’s sensitivity and specificity, which
were 95% and 89.8%, respectively, did not fall short of the
commercial test. The difficulty in acquiring a sufficient quan-
tity of the whole virus, however, is the primary issue with cre-
ating an ELISA based on it [2]. In addition, special laboratory
conditions and trained personnel are required to work with the
virus. All this complicates and increases the cost of develop-
ing a diagnostic test system.

An alternate strategy was to use the technology for obtain-
ing recombinant antigens. For example, the usage of recom-
binant structural protein P32 as an antigen, which includes
major immunogenic determinants and is present in all capri-
poxiviruses [ 14]. Based on the P32 antigen of lumpy skin dis-
ease virus, an ELISA was developed by analogy with diag-
nostic tests against sheep pox virus and goat pox virus [15].

Taking into account the rapid spread of the lumpy skin
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disease virus, timely and accurate diagnosis will allow local-
ization of the disease in time. LFA based on colloidal gold
is widely used both in medicine and veterinary medicine for
the detection of pathogens [16, 17, 18] and serological stud-
ies [19]. The main advantage of LFA over other methods is
the simplicity and speed of the setting. According to the anal-
ysis of literature data, only two articles on the use of LFA for
the identification of the lumpy skin disease virus have been
published thus far. In 2022, an LFA was developed to detect
lumpy skin disease virus in pathological material. The sensi-
tivity of the LFA was 72.8%, and the specificity was 88.8%
[20]. In another study, a sandwich variant of LFA based on
colloidal gold and monoclonal antibodies was used against
different epitopes of the P32 protein of the lumpy skin dis-
ease virus. By optimizing LFA parameters, the authors man-
aged to achieve high sensitivity and specificity of the test [21].

In contrast to the works described, we developed the LFA
based on the recombinant P32 protein to determine the im-
mune response in animals. This test will allow us to identify
sick animals or latent virus carriers in the field. In addition,
the test will allow for monitoring among post-vaccinated live-
stock. In the article, we describe the development of optimal
test parameters on laboratory animal models. The main pa-
rameters include the size of colloidal gold, the concentration
of protein G for immobilization on colloidal gold, the pH of
solutions, the concentration of antigen and secondary antibod-
ies for application to the membrane, the amount of applied re-
agents, drying and storage conditions, as well as the quantity
of applied reagents.

To synthesize colloidal gold particles with a diameter of
~ 20 nm, 4 ml of sodium citrate was added. When determin-
ing the optimal amount of protein for absorption on colloidal
gold, it was found that the transition from an unstable state to
a stable state is observed at 20 pg/ml. The most optimal con-
centration of recombinant protein and anti-species antibod-
ies was 500 pg/ml and 250 pg/ml, respectively. It should be
noted that the use of an excessive amount of antigen can lead
to an increase in molecules that are not bound to the surface,
which will adversely affect the analytical properties of the
test system. On the other hand, a decrease in protein concen-
tration can result in a low signal level and a reduction in the
test’s sensitivity [22]. In addition, an excess amount of protein
usage will certainly lead to an increase in the cost of the final
product. It was found that the conjugate of colloidal gold with
protein G remains active for 90 days of storage at room tem-
perature and ambient humidity. Specific conditions need to be
met for prolonged storage. The storage temperature should be
below 25°C, and the humidity should be less than 20% [23].
Two obvious bands were visible when testing the sera of im-
munized animals at dilutions of 1:20 and 1:50; at dilutions of
1:100 and 1:200, the test line stained less strongly. No reac-
tion was seen in the test zone when utilizing the heterologous
recombinant proteins or the negative control, demonstrating
the test’s specificity.

The acquired results point to the express method’s poten-
tial for use in serological studies for lumpy skin disease pre-
vention and control. Future research should, however, focus
on determining the test’s sensitivity and specificity on field
samples taken from sick or vaccinated animals.
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CONCLUSION

In this research, a LFA based on the recombinant P32 an-
tigen was created for the diagnosis of LSD. The main param-
eters of the test have been optimized. It was found that the
colloidal gold conjugate interacted with antibodies and spe-
cifically reacted with the recombinant P32 protein. Cross-re-
activity with other proteins was not observed. The developed
express test made it possible to detect antibodies at a serum
dilution of 1:200, but the optimal dilution was 1:50. Despite
being stored at ambient temperature for three months, the con-
jugate maintained its activity. The results can be used for sero-
logical diagnosis and field monitoring of the spread of lumpy
skin disease.
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HOAVYJISAPIBI JEPMATHUT BUPYCBIHBIH P32 PEKOMBUHAHTTBI AHTUT'EHI HET'I3IHAE
UMMYHOXPOMATOT PA®USJIBIK TAJIAAYAbIH HET'I3I'I HAPAMETPIEPIH OHTANJIAHABIPY

Typcynos Kanat'*, Toxraposa Jlaypa', Kanaes lapxan!, Mycrapuna Paiixan?, MykanTaeB Kanaroex!
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TYHWUIH

Homynsapsl iepMaTuT - alTapiibIKTai SKOHOMUKAIIBIK MIBIFBIHFA OKEICTIH ipi Kapa MaJIbIH 6Te KYKITabl TpaHCIIeKapa-
JIBIK aypybl. HOmymsapIisl IepMaTuT aypybiH jKaHa ayMaKTapFa KeH jKOHE XKbLIIaM Tapalybl JHArHOCTHUKATIBIK 9IiCTeP/Ii HKETiN-
JIpyIiH 0ObEKTHBTI K&KETTUIITiH KopceTe/i. Makaiaia HOY ISIpIIbl AEpMATUT JMAarHOCTUKAChIHA apHAJIFaH PEKOMOMHAHTTHI
P32 aHTureHi HEeri3iHAe IMMYHOXPOMATOTPApUSIIBIK TaIIay/IbIH TapaMeTpICpiH OHTAMIAHABIPY HOTHXKeIepi OepiareH. 20
HM KOJUTOM/ITHI aJIThIH I IMMOOHJIN3AIMSIIAY YIIIiH aKybI3IbIH OHTAMIIB MeIiepi 20 MKI/MJT eKeHi aHbIKTalbl. KOHBIOTaTThI
TYPaKTaH/BIPY YIIiH COHFBI KOHIIeHTpaImschl 0,25% OYKaHBIH capbiCy anbOyMUHI KOMAaHBUIAbL. KOHBIOTaTThIH OHTANIIBI
cyitbLITysI 1:2 Goibl, an MeMOpaHara KOJJaHy YIIIiH peKOMOHMHAHTTHI IPOTEHH KOHE TYPre Kapchl aHTUACHENEP/IiH KOHIICH-
Tpausichl colikecinme 500 Mxr/mi xaHe 250 MKr/Mir 60sab1. KOTOMATHl aiaThiH KOHBIOTaThl aHTHICHEIEpMEH OaiilaHbICKa
TYCTI ’KoHEe PEeKOMOMHAHTTHI aKybI30€H TeliM/Ii apekeTTecTi. backa akybI3napMeH aiiKacraibl peakiys OaiKaaraH KoK, O3ip-
JICHT€H DKCIIPECC-TECT MMMYHU3AIMsUIaHFaH JKaHyaplap/blH aHTHICHEIePiH KaH capblCybIHAarbl cyibuiTy 1:200 Gonranra
JIeWiH aHBIKTayFa MYMKiH/IiK Oepyi, Oipak oHTainbl cyitbuiTy 1:50 Gomnapl. Konbtorar e3iHiH OelceHAlTIrin 6eme Temmnepary-
pacbiaaa 90 kyH 00¥bI cakTaabl. AJBIHFaH HOTYIKENIEP HOAYJSIPIIBI ISPMATUTTIH TapaJlybIHBIH aJIJbIH Ay j)KoHe OaKbuIaybIH/a
CEPOJIOTHSIIBIK 3ePTTEYIIEep/Ic KOMIaHy YIIiH OoIaliarsl 0ap KCIpPecc 9JIiC CKSHIITIH KOPCETE .

KinTri ce3nep: HOnynsipIibl iepMaTuT, 6anay, P32 antureni, tMMyHOXpomaTorpadHsuIbIK Tajay, KOIJIOUThI Tajliay, Bak-
LUHALYSL.

OIITUMHU3AIUSI OCHOBHBIX TAPAMETPOB HXA TECTA HA OCHOBE PEKOMBUHAHTHOI'O
P32 AHTUTEHA BUPYCA HOAYJISIPHOI'O JEPMATHUTA

Typcynos Kanat'*, Toxtaposa Jlaypa!, Kanaes /lapxan!, Mycrapuna Paiixan?, MykanraeB Kanaroek!

'Hayuonanvuwiii yenmp 6uomexnonoauu, Kypeanvocuncroe wocce 13/5, Acmana, 010000
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AHHOTAIIUA

HonyssipHblii iepMaTHT MpecTaBisieT co00ii BHICOKOKOHTarn03HOE HH(MEKIIMOHHOE TPAHCTPaHUYHOE 3a00JIeBaHUE KPYTI-
HOT'0 pOraToro CKOTa, NPUBOJISIIEE K 3HAYUTEIbHBIM dKOHOMHYEeCKUM notepsim. [1Inpokoe u OpIcTpoe pacnpocTpaHeHne HOLy-
JSIPHOTO JIepMaTHTa Ha HOBBIE TEPPUTOPUH TIOYEPKHUBACT OOBEKTHBHYIO HEOOXOMMOCTh B COBEPILICHCTBOBAHUH AUATrHOCTH-
YEeCKHX METONIOB. B cTarbe mpeicTaBieHbl pe3ysibTaThl ONTHMHU3AUHE TAPAMETPOB UMMYHOXpOMATOrpadhueckoro aHajansa Ha
OCHOBE peKoMOMHaHTHOTO P32 aHTHIeHa /st AMATHOCTUKK HOMYJISIPHOTO JIepMaTHTa. bbIJIo yCTaHOBIIEHO, YTO ONTHMAIIbHOE
KOJIMYECTBO OeJKa JJIs1 MMMOOMIIM3AIIMHU Ha KOJIOUIHOM 30J10Te pazmepoM 20 HM coctaBmiio 20 MKr/mi. 11 cTabuIn3aim
KOHBIOTaTa MCIIOIh30BAIHN ObIUMil CHIBOPOTOUHBIN aab0yMUH B KOHeUHOU KoHIeHTpamu 0,25%. OnTuManabHOE pa3BeeHNE
KOHBIOTraTa COCTaBmWIIO 1:2, a KOHIIEHTpALIKSI PEKOMOMHAHTHOTO OeJika M aHTUBHJIOBBIX aHTUTEJ JJIsl HAHECEHUsI Ha MeMOpaHy
- 500 mMxr/mi 1 250 MKr/mi1, cOOTBETCTBEHHO. KOHBIOraT KOJUIOUIHOTO 30J10Ta CBSI3BIBAJICS C aHTUTENIAMU U Crieliu(UUeCcKu
pearupoBail ¢ peKOMOMHAaHTHBIM OesikoM. [Ipu 3TOM nepekpecTHas peakuus ¢ ApyrumMu Oenkamu He HaOmonanack. Paspado-
TaHHBIN IKCIIPECC TECT MO3BOJMJI BBISBISATH AHTUTEIa IMMYHHU3HUPOBAHHBIX )KUBOTHBIX JI0 pa3BejeHus ceiBopotku 1:200, ox-
HaKo ONTHMaJIbHOE pa3BeneHne cocraBmiio 1:50. Konbrorar coxpaHsil CBOI0 aKTHBHOCTh Ha MPOTsHKeHUH 90 THel XpaHeHus
NpU KOMHaTHO# Temmneparype. [lonyueHHbIe pe3yibTaThl CBUACTEILCTBYIOT O MEPCIEKTUBE HKCIIPECC METO/IA JUIsl UCIIOB30-
BaHMUS B CEPOJIOIMYECKUX UCCIICAOBAHUSIX MTPH NPODUIIAKTHKE U KOHTPOJIE PACcIpOCTPAHEHUSI HOLYJISIPHOTO JIepPMaTUTa.

KiroueBrble ciioBa: HOZ[yJ'IHpHLIﬁ JACPMATUT, TUArHOCTUKA, aHTUT'CH P32, PIMMyHOXpOMaTOl"pa(bI/I‘{eCKI/Iﬁ aHaJiu3, KOJLJIO-
HUJIHOC 30JI0TO, BaKIIMHAIIUA.
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