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Abstract

Introduction. Infection of canids with canine parvovirus (CPV), especially in puppies, leads to serious damage to
the gastrointestinal tract in a short period of time, up to a fatal outcome. In this regard, early and rapid diagnosis
is crucial for initiating therapy and preventing the spread of infection. In this connection, immunochromatographic
analysis (ICA) is the preferred method because it allows rapid detection of virus infection. In addition, this method
is highly specific and does not require complex laboratory equipment, which greatly simplifies its use in comparison
with other common methods for detecting canine parvovirus.

The aim of this study is the development of an ICA test system for the detection of the VP2 protein of canine
parvovirus.

Materials and methods. Monoclonal antibodies to the recombinant VP2 protein of canine parvovirus were
obtained using hybridomic technology. Colloidal gold is synthesized by the citrate method.

Results. Monoclonal antibodies (MABs) against the VP2 protein of canine parvovirus were obtained and
characterized, colloidal gold (AuNPs) was synthesized, the conditions for conjugation of MABs with AuNPs were
selected, and the optimal ratios of the components of the test system were determined. The visual limit detection
(vLOD) was 1.56 ng/mL. The developed ICA test system has shown high diagnostic efficiency in model experiments
with a known concentration of VP2, as well as in sick animals with a confirmed diagnosis.

Conclusion. An ICA test system has been developed to determine the VP2 protein of canine parvovirus. The
resulting test system can be used as a fast and effective diagnostic tool for detecting CVP in the canine clinical
specimens.
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Pestome

BBepeHue. VHduumposaHne ncosbix cobavbum napsosupycom (CPV), B 0COGEHHOCTU Y LLIEHKOB, NPUBOAUT K
Cepbe3HbIM MOBPEXAEHNAM KENnyAo4HO-KULLEYHOTO TpaKTa 3a KOPOTKUIA NMPOMEXYTOK BPEeMEHU, BNNOTb A0 Ne-
TanbHOro ucxoga. B cBA3M € 3TUM paHHAS M BbICTpas AvarHOCTMKa MMEET pelualollee 3HavyeHue Ans Havana
Tepanun 1 npegynpexaeHns pacnpocTpaHeHns WHeKuun. B 3ToM OTHOLIEHUU MMMYHOXpomaTtorpaduyeckun
aHanu3 (MXA) aenseTcsa NpeanovTUTENbHLIM METOA0M, MOCKOMbKY MO3BONAET onepaTMBHO BbISBUTL MHULIMPO-
BaHue BupycomM. Kpome Toro, aTOT METOA, OTNINYAETCS BbICOKOW CneundunyYHOCTbIO 1 He TpebyeT cnoxHoro nabopa-
TOpHOro 060pya0BaHNs, YTO 3HA4YMMO YNPOLLAET ero NPUMEHEHNe B CPaBHEHWUUN C APYTUMK PacipOCTPaHEHHbIMU
mMeTodamu obHapyXeHUs napeoBupyca cobak.

Llenb pabotbl. Paspabotka NXA-TecT-cuctembl onsa onpeaenerus 6enka VP2 cobadbero napsosupyca.
Matepuanbl 1 metoabl. MeToAoM rMGPUAOMHOM TEXHOMOrMM NOMyYeHbl MOHOKMOHanbHble aHTuTena (MkAT)
K pekombuHaHTHOMY Genky VP2 napeoBupyca cobak. KonnongHoe 3onoto (K3) cuMHTE3MpoBaHO LMTpaTHbIM
MeTOAOM.

Pesynbrathbl. bbinv nony4veHsl n oxapaktepusoBaHbl MKAT npoTtue 6enka VP2 napsoBupyca cobak, CMHTE3npo-
BaHo K3, nogobpaHbl ycnosusi koHbtoraumm MkAT ¢ K3, a Takke onpegeneHbl ONTUManbHble COOTHOLLIEHUS KOM-
NOHEHTOB TecT-cucTeMbl. bbin BeisiBNeH Habnogaembin npeaen obHapyxeHusa (vLOD), koTtopbin coctasun 1,56
Hr/mn. PagpaboTtaHHas MXA-TecT-cuctema nokasana BbICOKYH AMarHOCTUYECKY0 aPpeKkTUBHOCTL B MOAEMbHBIX
3KCNepuMeHTax C U3BeCTHOW KoHUeHTpauuen VP2, a Takke y 60MbHbIX XXMBOTHbLIX C MOATBEPXAEHHLIM AUarHO30M.
3aknioueHune. Paspaborana NIXA-TecT-cuctema ans onpeaenexns 6enka VP2 napeosupyca cobak. MNonyyeHHas
TecT-cuctemMa MOXeT OblTb MCMonb3oBaHa B KadyecTBe BbICTPOro M aphekTMBHOrO AMarHOCTUYECKOro CpeacTaa
ans BoiseneHnss CVP B KNMHUYeckoMm MaTepuane cobak.

KnioueBble cnoBa: MMXA-mecm-cucmema; mecm-rosocku; napeosupyc cobak (CPV); MOHOKIIOHabHble aHmu-
mena (MkAT); konnoudHoe 3or10mo (K3)
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®duHaHCcuMpoBaHue. ViccnenoBaHne BLIMOMHEHO 3a cyeT cpeacTsB npoussogutens MXA-tectoB QBQVET komnaHum
«AnNnnreny.

KoHdnukT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SIBHLIX U NMOTEHLMANbHbIX KOH(MUKTOB MHTEPECOB, CBSA3aH-
HbIX C NybnvKaumen HacTosLLEen CTaTbu.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIOT COOMIOAEHNE MHCTUTYLIMOHAMNbHBIX Y HALMOHAarbHbIX CTaHAapTOB
Nno MCNonb30BaHMIO NTabopaTopHbIX XXMBOTHbIX B cooTBeTcTBMM ¢ Consensus Author Guidelines for Animal Use (IAVES,
23.07.2010). MpoTokon uccnenoBaHus ofobpeH ATnyecknum kommteToM opraHusauum (Mpotokon Ne 06b-p-2024 ot
17.09.2024).

Introduction

Canine parvovirus type 1 (CPV-1), belonging to
the genus Parvovirus of the family Parvoviridae, was
first identified in the 1960s as the causative agent of
gastrointestinal and respiratory infections in dogs.
Subsequently, mutations in CPV-1 led to the emergence
of a new strain—canine parvovirus type 2 (CPV-2)—which
was characterized by higher contagiousness and had
spread worldwide by the 2000s [1, 2].

CPV-2is a highly lethal and contagious virus that causes
parvovirus enteritis, a condition characterized by fever,

262

loss of appetite, lethargy, vomiting, and hemorrhagic
gastroenteritis in dogs of all ages [2, 3]. However, the most
severe clinical signs and high mortality rates (over 70%)
are characteristic of puppies [2, 3].

The sources of infection are sick dogs and virus carriers,
which shed the virus into the environment via feces;
transmission occurs through the fecal-oral and airborne
routes [4]. Canine parvovirus (CPV) exhibits a marked
tropism for actively dividing cells. After infection, the
virus initially replicates in the lymphoid tissue of the
oropharynx and mesenteric lymph nodes, and then spreads
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hematogenously, reaching its highest concentration in the
epithelium of the small intestinal crypts and lymphoid
organs associated with the gastrointestinal tract [5]. As
early as 4-7 days after infection, during the peak of clinical
manifestations, the virus accumulates in large quantities in
the intestines and feces of dogs, reaching up to 10° TCID /g
[4, 5]. It is during this period, especially in the early days
of clinical manifestations, that the high concentration of
the virus creates optimal conditions for early detection of
the infection using immunochromatographic assay (ICA),
which allows for the timely initiation of intensive therapy.

CPV is a non-enveloped virus consisting of a single
DNA strand comprising 5,323 nucleotides and a capsid
[6]. The genome contains two large open reading frames,
one of which encodes non-structural proteins (NS1 and
NS2), and the other encodes three structural proteins
(VP1, VP2, and VP3) [6]. Among the virus’s structural
proteins, VP2 constitutes 90% of the capsid, which
determines its leading role in the virus’s interaction with
the host [5], furthermore, it is the most immunogenic
protein of the virus [7]. The unique amino acid sequence
of VP2, which has no homologs among the dog’s own
proteins, makes this protein an optimal target for the early
diagnosis of CPV infection [8].

Any clinical manifestations must be confirmed by
laboratory diagnostic tests, as similar dyspeptic symptoms
can be observed in many conditions. Currently, there
are several main methods for detecting CPV infection,
including loop-mediated isothermal amplification
combined with enzyme-linked immunosorbent assay
(ELISA) [9], polymerase chain reaction (PCR) [10, 11],
ICA [11, 12] and the hemagglutination inhibition assay
(HAI). Significant drawbacks of ELISA and PCR include
the need for expensive equipment, qualified personnel,
and a long time interval between sample collection and
obtaining results. HAI in turn, is rarely used today, as it
is inferior to other more sensitive methods (PCR, ELISA,
ICA) in terms of the clinical value of the result due to
its lower informative value for early diagnosis. In this
light, ICA appears to be the most optimal and inexpensive
rapid test for obtaining results within a few minutes after
receiving clinical samples.

These days, the market for ICA tests for CPV detection
consists exclusively of imported diagnostic kits [12, 13],
which leads to supply difficulties, increased diagnostic
costs, and a shortage of consumables. These facts justify
the relevance of developing domestic ICA tests aimed at
detecting the VP2 protein in order to expand diagnostic
capabilities for detecting parvovirus infection in dogs.

Materials and methods

Reagents and materials

Recombinant canine parvovirus VP2 antigen was
supplied by HyTest (Russia; Cat. No. 8CP2). Bovine
serum albumin (BSA), complete and incomplete Freiden
adjuvants, dimethyl sulfoxide (DMSO) solution, and
culture media were ordered from PanEco (Russia).
All inorganic reagents, 3,3’,5,5-tetramethylbenzidine
(TMB), and sodium citrate (Na,CH.O,) were
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purchased from the HimMed company (Russia). Biotin
N-hydroxysuccinimide ester (Sigma, USA) was used.
Protein G Sepharose 4 Fast Flow (Cytiva, USA) was used
for affinity chromatography. The anti-mouse antibody
conjugate with RAM Iss horseradish peroxidase (Imtek,
Russia) was used for the control line of the ICA test.
Costar Assay Plate 96-well high-binding flat-bottom
plates (Corning Inc., USA) were used for the ELISA. The
membrane composite was ordered from MDI (India).

Conjugation of the VP2 antigen with bovine serum
albumin

Conjugation of the VP2 antigen with BSA was per-
formed using glutaraldehyde. In 200 pL of dilution buf-
fer (0.1 M Na,HPO,, pH 6.8), 100 pg of BSA was first
dissolved, followed by 100 pg of VP2. A 25% glutar-
aldehyde solution was added to the reaction mixture to
achieve a final concentration of 0.1%, and the mixture
was incubated for 3 hours on a shaker in the dark. After
that, a 10% glycine solution was added to the conjugate to
a final concentration of 0.5% and incubated for 20 min on
a shaker in the dark. After incubation, the conjugate was
dialyzed against phosphate-buffered saline (PBS) (145
mM NaCl, 10 mM K HPO,, pH 6.9) overnight at +4 °C.
After dialysis, the conjugate was aliquoted into 100 uL
tubes and stored at —20 °C.

Production of monoclonal antibodies

The production of monoclonal antibodies (mAbs)
against VP2 CPV was based on hybridoma technology,
with prior immunization of BALB/c mice.

For the immunization of mice, a solution of the VP2-
BSA conjugate containing 100 pg of the target protein
was mixed with an equal volume of complete (for the first
stage) or incomplete (for the second stage) Freund’s ad-
juvant until a homogeneous emulsion was obtained. Im-
munization was performed in the hind paw pads in two
stages, 13 days apart.

Immunization was assessed using a solid-phase indi-
rect ELISA with immune and non-immune sera collected
from the tail vein of the corresponding BALB/c mice on
day 3 after the second immunization. A graph showing
the relationship between serum dilution and optical den-
sity was plotted using Microsoft Excel 2010.

Hybridoma producers were obtained according to stan-
dard procedures [14].

Ascites fluid was collected several days after the ad-
ministration of hybridoma cells to BALB/c mice primed
with mineral oil.

The collected ascites fluids were tested by solid-phase
indirect ELISA for the presence of specific antibodies
against the CPV VP2 protein, using serial dilutions of the
ascites fluids ranging from 1 : 1,000 to 1 : 1,000,000.

Sub-isotyping of the mAbs present in the ascites flu-
ids was performed using the Mouse Typer Sub-Isotyping
Kit (Cat. No. 172-2055, BioRad, USA) according to the
protocol.

Antibodies were purified from ascites fluid by affin-
ity chromatography on a protein G-sepharose column
(Cytiva, USA).
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Characterization and selection of monoclonal antibody
pairs using an enzyme-linked immunosorbent assay

Antibody concentration was measured using a
FlexA-200 HT spectrophotometer at a wavelength
of 280 nm; for this purpose, the sample was diluted 20-fold
in PBS and placed in a quartz cuvette.

Protein concentration was determined using Equation 1:

oD, -x
C(mAab) = —2—, (1)

&

where C(mAb) — concentration of the mAb solution
(mg/ml), OD,, — optical density at a wavelength
of 280 nm, x — dilution of the solution, ¢ — the molar ex-
tinction coefficient of 1.4 for immunoglobulins.

The purity of the mAb samples was determined by elec-
trophoresis in a 12% polyacrylamide gel (SDS-PAGE)
under reducing conditions using the Bio-Rad Mini-Prote-
an 3-cell vertical electrophoresis system (Bio-Rad, USA).

The search for antibodies that recognize the VP2 an-
tigen in solution and form pairs, for the further develop-
ment of an ICA rapid test, was conducted using ELISA
methods with prior biotinylation of the antibodies. To this
end, 100 pg of each monoclonal antibody was mixed with
a 10-fold excess of a 1% solution of biotin-N-hydroxy-
succinimide in DMSO and incubated overnight at +4 °C.
The conjugation reaction was stopped by adding 0.1%
NaN..

The capture mAb against the CPV VP2 protein was
sorbed into the wells of the plate overnight at +4 °C. After
washing, VP2 antigen was added and incubated for 1 hour
at +37 °C. Biotinylated antibodies, also specific to VP2,
were then added to form an immunocomplex consisting
of capture mAb—antigen—detection mAb with biotin, and
the mixture was incubated for 1 hour at +37 °C. For fur-
ther visualization of the immunochemical interaction be-
tween antibodies and antigen, horseradish peroxidase-la-
beled streptavidin was used, which is capable of binding
to biotin. The presence of the formed immune complexes
with streptavidin was subsequently determined by add-
ing TMB to visualize the reaction and detecting it on a
FlexA-200 HT spectrophotometer (Allsheng, China) at a
wavelength of 450 nm.

Synthesis of colloidal gold and conjugation
with monoclonal antibodies

Colloidal gold (AuNPs) was prepared by the citrate
method using gold chloride in accordance with the
procedure described by N.V. Bogachev et al. [15].

Conjugation of monoclonal antibodies with colloidal
gold

To determine the optimal conjugation condi-
tions, 5 to 40 pg of antibodies per 1 mL of carrier were add-
ed to the carrier particles within a pH range of 5.5 to 9.0.
The reaction was stopped by adding a stabilizing buffer. In
parallel, a stability test was conducted by adding 1 M NaCl
to samples of all samples with different pH values.

For the conjugation of mAbs with AuNPs, the detec-
tion antibodies were dialyzed against a 0.1 M Na,CO,
solution at pH 9.0 overnight at +4 °C. The precipitated
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antibodies were removed by centrifugation at 12,000 rpm
for 5 min, after which the antibody concentration in the
supernatant was measured using a FlexA-200 HT spec-
trophotometer at a wavelength of 280 nm. The required
volume of the solution containing AuNPs was adjusted
to pH 8.5 by adding 0.1 M Na,CO, solution. MAbs were
diluted in 0.1 M Na,CO, solution to 40 pg/mL and add-
ed to the solution containing AuNPs in a 1 : 10 ratio.
The reaction mixture was incubated at room tempera-
ture for 30 min. Afterward, 5% BSA and 50% sucrose
solutions were added so that their final concentrations
were 0.2% and 10%, respectively, and the mixture was
incubated for 15 min. Next, the conjugate was centri-
fuged at 12,000 rpm at +4 °C for 5 min. Then, the maxi-
mum amount of supernatant was carefully removed, and
PBS, a 0.2% BSA solution, and a 0.1% NaN, solution
were added.

Production of experimental laboratory prototypes
of the ICA test system

Using the Easy Printer Model LPM-02 (MDI, India)
to apply reagents to an analytical membrane mounted on
a substrate (Cat. No. 150CNPH-N-SS40-L2-P25, MDI,
India), to apply polyclonal goat anti-mouse antibodies
and mouse monoclonal VP2 G10(1) antibodies diluted
in PBS, thereby forming control and test bands, respec-
tively. The membranes were dried at room temperature
in the dark overnight. Thereafter, using a programmable
guillotine-type SS Automatic Strip Cutter Model M-100
(MDI, India), the analytical membrane with the applied
antibodies was cut into 4-mm-wide strips.

7 uL of the VP2 E9 capture antibody conjugate (1) with
AuNPs was applied to the conjugate membrane (Cat.
No. 150CNPH-N-SS40-L2-P25) and left to dry at room
temperature overnight in the dark.

To assemble the strips, an absorbent membrane (AP110,
MDI, India) pre-cut into 4 mm wide strips and the con-
jugate-coated membrane were overlapped and attached
to the substrate with the analytical membrane. A sample
application membrane (Cat. No. GFB-R4(0.35), MDI, In-
dia), pre-cut into 4 mm wide strips, was adhered on top of
the conjugate membrane.

Immunochromatographic assay using VP2 protein
and clinical samples from dogs

Serial dilutions of the recombinant VP2 CPV protein
were prepared in the range of 1 to 200 ng/mL in phos-
phate-buffered saline with Tween (PBS-Tween) in 2-fold
steps. Each dilution was applied to the prepared test strips
in triplicate and incubated for 10 minutes at room tem-
perature.

To prepare a positive control sample, recombinant VP2
CPV protein was added to a known negative clinical sam-
ple to a final concentration of 100 ng/mL.

Clinical samples and the model sample were diluted in
PBS at a 1:2 ratio. The diluted samples were applied to
the prepared test strips in a volume of 120 pL in triplicate.
The exposure time was 10 minutes.

The test strips were photographed using a gel imaging
system (Clinx Science, China). The intensity of the test
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zone staining was determined using Image Lab Software
(Bio-Rad, USA) in relative units.

Interpretation of ICA Test Results

The graph showing the relationship between the
concentration of the recombinant VP2 protein and the
intensity of the test line was plotted using GraphPad
Prism 8.0.1 with a 4PL fit. The observed limit of
detection (vLOD) for the semi-quantitative analysis
was determined according to M. Alhammadi et al. [16].
Standard deviations for tests using clinical samples were
calculated using Microsoft Excel 2010.

Results

Production of immunoreagents

A VP2-BSA conjugate prepared using glutaraldehyde
was used to immunize BALB/c mice.

Based on the results of immunization assessment using
a solid-phase ELISA with unconjugated VP2 protein, it
was found that serum from two immunizations with the
VP2-BSA conjugate exhibits a specific immune response
to pure, unconjugated VP2 antigen (Fig. 1).

The procedures for hybridizing immune lymphocytes
with cells from the sp2/0 tumor line, cloning hybridoma
clones, and collecting ascites fluid were performed
according to standard protocols [14]. As a result, 10 stable
clones were obtained, exhibiting high ascites-forming
capacity and viability exceeding 90%: VP2 E9 (1), VP2
E9 (2), VP2 G2 (1), VP2 G2 (2), VP2 G3 (1), VP2 G3
(2), VP2 G10 (1), VP2 G10 (2), VP2 H5 (1), VP2 HS5 (2).

Testing of ascites fluids and subsequent experiments
with purified mAbs against VP2 showed that each
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hybridoma clone produces antibodies capable of
recognizing both the solid-phase-immobilized and the
solution-bound unconjugated VP2 protein.

The results of the immunochemical characterization of
mADbs after their isolation from ascites fluids are presented
in Table 1.

The antibody titer was determined as the endpoint of
the titration curve, defined as a more than threefold dif-
ference in optical density, with each clone titrated starting
from a concentration of 1 ug/mL. All clones were select-
ed for further experiments to identify detection and cap-
ture antibodies.

Screening of a panel of monoclonal antibodies against
canine parvovirus VP2

A biotin-based sandwich ELISA was used to select a
pair of antibodies, with one acting as the capture antibody
and the other as the detection antibody.

Each of the 10 clones obtained was conjugated with N-hy-
droxysuccinimide biotin (biotin). After testing the monoclo-
nal antibody (mAb) conjugates with biotin in an indirect
ELISA, an optimal concentration of 1 pug/mL was selected,
which was used in the sandwich ELISA for all biotin-con-
jugated mAbs. Each of the 10 monoclonal antibodies was
evaluated both as a detection antibody and as a detection
antibody in all possible combinations. Based on the experi-
mental results, mAbs VP2 E9 (1), VP2 G2 (1), and VP2 G10
(1) were selected for further studies as the most promising.

Preparation and characterization of colloidal gold and
conjugates with monoclonal antibodies

Colloidal gold was selected as the detection label
due to its properties, which include ease of synthesis,

=0—VP2-BCA
VP2-BSA
==K
C
Q Q Q
o > i
\‘r.\’ \'.\ NS

PasBeeHune CLIBOPOTKH
Dilution of serum

Fig. 1. Testing of mouse sera after immunization with VP2-BSA.

VP2-BSA - the titration curve of immune serum; C — the titration curve of non-immune serum.

Puc. 1. TecTupoBaHue MBIIIMHBIX CBIBOPOTOK Hocie uMMyHu3auu VP2-BCA.

VP2-BCA — kpuBast TATpOBaHHs UIMMYHHOMH ChIBOPOTKH; K — KpHBasi THTPOBaHUS HCUMMYHHOW CHIBOPOTKH.
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Table 1. Resulting data on the characterization of the obtained monoclonal antibodies against the VP2 protein of canine parvovirus

TaﬁJmua 1. PCSyJ'II:TI/IpyIOH_[I/IC JaHHBIC 110 XapaKTepu3aluu MOJTyYCHHbIX MOHOKJIOHAJIbHBIX aHTUTEJI ITPOTHUB oenka VP2 ImapBoBHUpYyCa cobak

Clone name Subclass Titer Volume, mL Concentration, mg/mL Sample purity, %
Ha3zpanue xiona Cyb0xiacc Tutp O06beM, MIT KoHuenTpanusi, Mr/mi Yucrora odpasua, %
VP2E9(1) 1gGl1 1:1000 4.6 0.46 93.8
VP2E9(2) 1gGl 1:1000 9.3 1.89 95.5
VP2G2(1) 1gG2b 1:1000 9.2 2 94.7
VP2G2(2) 1gG2b 1:1000 7 0.64 97.8
VP2G3(1) 1gGl1 1:1000 12.7 2.07 95.9
VP2G3(2) IgGl 1:300 8.5 0.46 93.1
VP2G10(1) IgGl1 1:1000 8.1 0.6 93.9
VP2G10(2) IgGl1 1:1000 17.5 1.29 95
VP2HS5(1) IgGl1 1:1000 5.8 1.9 98.1
VP2H5(2) IgGl1 1: 1000 8.5 1.8 96.2

high biocompatibility with antibodies—owing to the
ability of AuNPs particles to bind non-covalently to
immunoglobulins—as well as the rapid and straightforward
interpretation of the ICA test results [17]. Following
the method of N.V. Bogachev et al. [15], AuNPs
were synthesized using the citrate method, and their
physicochemical properties were determined using a
Malvern ZetaSizer Nano ZS (UK). The synthesis resulted
in a AuNP solution with particles 59 nm in size, a zeta
potential of —21.1 = 3.38 mV, and a polydispersity index
(PDI) of 0.603 + 0.043. The measurement results are
presented in Figs. 2 and 3. Despite the relatively high
PDI value, according to the literature, particles with a
size of approximately 40-60 nm significantly increase
the test sensitivity compared to smaller particles [18, 19].
Furthermore, the obtained zeta potential value of the
particles indicates their high stability in the colloidal
solution [20].

Prior to conjugating mAbs with AuNPs, pH values and
mADb concentrations were selected at which AuNP par-
ticle aggregation did not occur. As both the pH and the
antibody concentration increased, it was found that the
AuNP solution retained its original color, indicating that
no particle aggregation had occurred. The experimental
results revealed that the optimal mAb concentration for
conjugation was 40 pug/mL, with a solution pH of 8.5.

After conjugation of the antibody clones selected by
sandwich-ELISA with AuNPs, several tests were per-
formed on ICA strips, where each of the selected anti-
bodies served as both a capture antibody and a detection
antibody.

Based on the results of the experiments, the pair of
mAbs VP2 E9 (1) and VP2 G10 (1) showed the best re-
sult with no background on the test line, where the first
antibody acted as the detection antibody in the conjugate
with the antigen, and the second as the capture antibody.

The spectra of the AuNP solution and the AuNP
conjugate with VP2 E9 antibodies (1) were recorded
in the ultraviolet (UV)-visible range of 400-700 nm
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using an Allsheng FlexA-200HT spectrophotometer.
The red shift of the conjugate solution spectrum, with
a maximum optical density at 529 nm, compared to
the AuNP solution spectrum, with a maximum optical
density at 534 nm, indicates the transition of AuNPs
from the native state to the antibody-conjugated state
[18, 21]. The UV spectra plots, generated in Microsoft
Excel 2010, are shown in Fig. 4.

Selection of a membrane composite and optimization
of ICA test parameters

The membrane composite was selected from among the
membranes manufactured by MDI (India). For an analyti-
cal membrane, pore size is a critical factor, as it determines
the capillary flow rate as well as the efficiency of labeled
antibody accumulation in the control and test line zones
[22]. For the selection process, membranes with different
pore sizes (8, 10, 12, 15, 90, 150, 200 um), and among
them, a membrane with a pore size of 150 um was se-
lected, as it exhibited the most intense signal and ensured
optimal analyte flow rate with minimal background. Of
the two conjugate membranes, PT-R5 and PT-R7, the lat-
ter was selected due to its uniform and complete release
of the conjugate. The absorbent membrane must ensure
optimal capillary flow across the entire strip and possess
sufficient absorbency [23]. Based on these requirements,
the AP110 was preferred over the APO80 among the ab-
sorbent membranes.

To optimize the conditions of the ICA test system, the
optimal amounts of antibodies were selected for applica-
tion to the test and control bands. To optimize the control
zone, goat anti-mouse polyclonal antibodies and rabbit
anti-mouse antibodies (RAM Iss, Imtek) were applied at
concentrations of 0.5, 1.0, and 2.0 pg per strip, and to
optimize the test zone, capture antibodies were applied at
concentrations of 1.0, 1.5, 2.0, and 4.0 pg per strip. At the
same time, drying conditions for the test strips were also
selected: 1 hour in a thermostat at +37 °C, overnight at
room temperature, or overnight in a thermostat at +37 °C.
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Fig. 2. Particle size distribution graph of colloidal gold (nm) relative to the scattered light intensity.

Puc. 2. Fpa(bI/IK pacopeaeiiCHrusA 4YaCTULl KOJUIOUIHOTO 30JI0Ta IO pasMepy (HM) OTHOCHUTECJIBHO HHTCHCUBHOCTH PACCEAHHOIO CBETA.

Fig. 3. Zeta potential distribution graph of colloidal gold particles (mV) relative to the total number of events.

Puc. 3. I'paduk pacnpeneneHus A3eTa-MOTEHIMATA YaCTHI KOJUIOMTHOTO 30J10Ta (MB) OTHOCHTEIBHO OOIIEro KOJMM4YecTBa COOBITHIA.

As aresult, it was concluded that 2.0 pg of antibodies per
strip was the most optimal amount for both the control
strip and the test strip. Drying the test strips overnight
at room temperature yielded the best results compared to
drying in a thermostat, due to a higher signal intensity and
lower variability between replicates.

Immunochromatographic assay using the VP2 protein

According to M. Alhammadi et al. [16], the vLOD was
defined as the minimum concentration of VP2 protein
that produces the faintest color on the test line but is still
distinguishable from the negative control. Fig. 5 shows
that a test line is still visible on test strip number 8, from
which it was concluded that the observed limit of detection
was 1.56 ng/mL. At the same time, the graph of test line
intensity versus VP2 concentration exhibits linearity in
the target protein concentration range from 12.5 to 200 ng/
mL, which can be used in future studies as a quantitative
assessment of protein content in clinical samples (Fig. 6).

ICA testing using clinical samples from dogs

To evaluate the performance of the developed test
system, clinical samples with positive and negative
VP2 values—confirmed by a commercial test (QBQVET,

Russia)—were used, as well as a positive control sample
with a known VP2 concentration of 100 ng/mL (Fig. 7).
The intensity of the test line on the strips containing
the positive control (69 + 10.4 relative units) is consistent
with the intensity of the test line on the strips to which
a solution of recombinant VP2 protein was applied in
the PBST (67.3 + 4.6 relative units), indicating the high
accuracy and specificity of the developed test system.

Discussion

In this study, an ICA test system was developed for the
detection of VP2 in CPV. As the major capsid protein, VP2
is highly immunogenic and is therefore widely used in the
diagnosis of parvovirus infection [9-12, 24, 25]. This is
precisely why this protein was selected as a target for the
production of mAbs and the subsequent development of
an ICA test system based on them.

A review of the literature revealed that researchers
employ various formats of ICA rapid tests to detect VP2
CPV in biological samples. For example, in the study by
C. Sharma et al., polyclonal antibodies are used as capture
antibodies instead of mAbs against VP2 CPV, while in the
study by E. Salmanli et al., a test system is described that
is designed to detect antibodies against VP2 rather than
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Fig. 4. UV spectra graphs.
E9-AuNPs — the graph of the spectrum of the solution of the conjugate AuNPs and mAbs VP2 E9 (1), AuNPs — the graph of the spectrum of the AuNPs solution.
Puc. 4. I'paduxu ymsTpadoIeTOBBIX CIIEKTPOB.

E9-K3 — rpac¢uk criekrpa pacTBopa KoHbiorara koyurouasoro 3oiora (K3) n monoxnonansusix antuten VP2 E9 (1); K3 — rpaduxk cnexrpa pactBopa K3.

Fig. 5. Determination of the apparent limit of detection (vLOD) of the ICA test system for detecting VP2 protein in serial dilutions.

VP2 protein solutions with different concentrations were applied to test strips 1-9: 1 —200 ng/mL, 2 — 100 ng/mL, 3 — 50 ng/mL, 4 — 25 ng/mL, 5 — 12.5 ng/mL,
6 —6.25ng/mL, 7—3.125 ng/mL, 8 — 1.56 ng/mL, 9 — 0 ng/mL.

Puc. 5. Onpenenenne nabmonaemoro npezeia ooHapysxenus (vVLOD) UXA-tecT-cucteMsl npH AeTeKTHpoBaHuK Oenka VP2 B cepuitHbIX
pa3Be/ICHUsX.

Ha tecr-nonocku 1-9 Hanocuiu pactBopsl Oenka VP2 ¢ pasabiMu koHeHTpauusiMu: 1 — 200 ur/mi, 2 — 100 vr/mi, 3 — 50 |r/mi, 4 — 25 wr/mi, 5 — 12,5 vr/mi,
6 — 6,25 ur/mn, 7 — 3,125 ur/ma, 8 — 1,56 ur/mi, 9 — 0 Hr/mi.

the protein itself [12, 26]. The ICA test system described
in this study is designed to detect the viral VP2 protein.
This allows for the confirmation of the virus’s presence in
dogs, which is important for early diagnosis when the CPV
antibody titer has not yet peaked. Furthermore, the test
system is based on two different monoclonal antibodies
that do not compete with each other for binding, which
ensures high specificity and reduces the likelihood of
cross-reactions compared to polyclonal.

It should be noted, however, that the sensitivity of these
tests varies across studies and is somewhat lower than
that of other methods for detecting VP2. For example,
in a study by S.S. Tinky et al., where the PCR test was
used as the reference, ICA demonstrated sensitivity and
specificity values of 72.2% and 92.8%, respectively [11].
Another study aimed at comparing tests for detecting CPV
showed that ICA had the lowest sensitivity among all the
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tests considered, with a value of 56.1% [27]. In turn, a
study by K. Felix et al. demonstrated that a commercial
ICA kit had a relative sensitivity of 95.4% and a specificity
of 71.4%, with PCR used as the reference method [28].
Despite the differing values, the authors agree that ICA
tests are indispensable in the rapid diagnosis of CPV
infection, since performing this analysis requires neither
specialized training nor expensive equipment.

In this study, diagnostic sensitivity and specificity
were not calculated due to the small number of clinical
samples (n = 2). Instead, a comparative evaluation was
conducted of the ICA test results using a model positive
sample obtained by adding recombinant VP2 protein to a
validated negative sample, against the ICA test results on
the recombinant protein. Experiments showed comparable
intensity of the test line on the model sample and on pure
recombinant protein at the same concentration, indicating
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Fig. 6. Graph of the dependence of the concentration of
recombinant VP2 protein on the intensity of staining of the test line.

the y-axis shows the relative units of band staining intensity; the x-axis shows
the concentration of recombinant vp2 protein (ng/ml) (n = 3).

Puc. 6. I'padyik 3aBUCHMOCTH KOHIIEHTPALMH PEKOMOUHAHTHOTO
6enka VP2 OT MHTEHCUBHOCTH OKPAIIMBAHHUS TECTOBOI JIMHHUH.

ITo ocu Y — oTHOCHTEIBHBIE SANHULEI HHTEHCHBHOCTH OKPAIIMBaHUS IOJIO-
Chl, OnpeeNeHHbIX B porpamme Image Lab Software; mo ocu X — koHIeH-
Tpawus pekoMOrHaHTHOTO Oenka VP2 (ar/min) (n = 3).

Fig. 7. Determination of VP2 in clinical samples.

Test strips 1, 2, 3 are positive material in three replicates, test strips 4, 5, 6

are negative material in three replicates, test strips 7, 8, 9 are a model positive

sample with added recombinant VP2 protein at a concentration of 100 ng/mL
in three replicates.

Puc. 7. Onpenenenne VP2 B kinHu4eckux odpasmax.

Tect-nonocku 1, 2, 3 — MOJI0KUTENBHBIA MaTepHall B TPEX MOBTOPAX; TECT-T10-

1ockH 4, 5, 6 — oTpULIaTeNbHBIH MaTepHall B TpeX MOBTOpPax; TeCT-TIIONOCKH 7,

8, 9 — MOzIeNbHBIH MONOKHUTETBHBINA 00pa3ser ¢ 100aBIeHHBIM PEKOMOHHAHT-
HbIM OenkoM VP2 B konnenTpanuu 100 HI/MII B TpeX MOBTOPAX.

that sample components do not affect the test result.
However, it should be noted that model samples do not
always reflect the interactions of the native antigen with
biomaterial components. The lack of a large number of
clinical samples did not allow us to identify diagnostic
criteria such as sensitivity and specificity in this study;
therefore, further research on a larger sample is required
to determine these parameters.

The ICA test system developed is of great significance
for veterinary diagnostics in our country, as the main
costly components, such as mAbs and AuNPs, were
produced at the N.N. Blokhin National Medical Research
Center for Oncology, a federal state budgetary institution
under the Russian Ministry of Health. The use of
domestically produced reagents reduces dependence on
imported supplies, ensures high reproducibility of results,

B MOMOLLb BUPYCONOry

and opens up opportunities for scaling up and producing
rapid tests.

Conclusion

In this study, an ICA test system was developed for the
detection of the VP2 protein of CPV. A panel of mAbs
against VP2 was created, and binding and detection
antibodies were identified. Colloidal gold was synthesized,
and mAb conjugates were prepared. To improve the
assay’s performance, optimal conditions for assembling
the test strips and conducting the assay were selected. The
observed lower limit of detection (vLOD) for the system
was 1.56 ng/mL. The test system showed no signal on a
confirmed negative clinical sample, as well as consistent
staining intensity on a model positive sample and on pure
recombinant VP2 protein, indicating the accuracy and
specificity of the system. Thus, the resulting test system
can be applied for the diagnosis of CPV.
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