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DEVELOPMENT OF FLUORESCENCE IMMUNOCHROMATOGRAPHIC
ASSAY KIT FOR AFRICAN SWINE FEVER VIRUS FAST TESTING

Summary

The continuing spread of African swine fever (ASF) outside Africa in the whole world, has heightened aware-
ness of the threat posed by this devastating disease to the global pig industry and food security. Fast and accurate Afri-
can swine fever virus (ASFV) detection method is very important for ASF prevention. A double antibody sandwich
FICA method was optimized and established, and FICA strips (FICAS) were assembled and then evaluated. The sensi-
tivity of the FICAS kit was 0,044 ng/mL. The recoveries ranged from 102,07 % to 108,60 %, and all CVs were below
7 %. The common pigs infectious disease samples, positive samples and healthy control samples did not lead to false
negative and false positives. The kit can be stably stored at 37 °C for 7 days without significant decrease in fluores-
cence value.

The prepared FICAS kit is rapid, feasible and effective for testing ASFV within 15 min. This study provides a
new method for rapidly screening ASFV infection in pigs industry.
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Peszome

Ipooonxcaroweecs pacnpocmpanenue agpurarckou uymvl ceunell (A4C) 3a npedenamu Appuxu 6o ecem
MUpe NoBbICULO 0C8E0OMIEHHOCMb 00 yepo3e, KOMOPYIO NpedCmagisem 3mo paspyuumensHoe 3a001eeanue 0Jis MUpo-
80U CBUHOBOOUECKOU OMPACIU U NPOOOBOILCMBEHHOU Oe3onacHocmu. bvicmpuiil u mounviii Memoo oOHaApPYICeHUsL GU-
pyea agpuranckou uymul cunell ouens sadicen 0nsi npoguiaxmuxu 6oaesnu. Memoo FICA ¢ 06otinbim conosuyem am-
mumen 6vi1 onmumuzuposan u eneopen, a norocku FICA (FICAS) 6viiu codpanvt u 3amem oyenenvt. Jyscmeumeno-
Hocmo navopa FICAS cocmasuna 0,044 ne/mn. Bozepamul sapvuposanucy om 102,07 % 0o 108,60 %, a ece CV Oviiu
nuoice 7 %. Obviunvle 00pazybi UHGEKYUOHHBIX 3a001e8aHUI COUHEl, NOJOACUMENbHbIE 00PA3YbL U 300POBbIE KOH-
MpobHble 00pA3Ybl He NPUBe K J0HCHOOMPUYAMETbHBIM U TOHCHONOIOACUMENbHBIM pesyavmamam. Habop mooicno
cmadbunvbHo xpanums npu memnepamype 37 °C @ meuenue 7 ouell 6e3 CyujeCmeeHn020 CHUICeHUs 3Hadenus guyopec-
yeHyuu.

Tloocomosnennviii nabop FICAS ssnsemcs 6vicmpoim, 0Cyuecmeumvim u dQHeKkmusHbiM cnocobom ous me-
cmuposanus eupyca AYC 6 meuenue 15 munym. Omo uccredoganue npediazaenm HOGbIU Memoo ObICIMPO2O0 CKPUHUHSA
unpexyuu eupyca AYC 6 ceunosoocmee.

Knrouesvie cnosa: supyc a@puxanckou yymvl ceunel, QuyopecyeHmuulil UMMYHOXPOMAMOo2papuieckull ana-
U3, bvicmpoe mecmuposanue, Habop.

Received by the editor 08.05.2024

INTRODUCTION

African swine fever virus (ASFV) is a
double stranded DNA virus, can cause ap-
proaching 100 % mortality in domestic pigs,
severely threatening the global pig industry
[1]. ASFV infection of domestic pigs leads to
a lethal hemorrhagic fever, leading to death
and virus transmission [2]. This swine disease
caused by ASFV infection is called African
swine fever (ASF). To date, ASFV has spread

throughout Africa, Asia and Europe [3]. As
there is no effective vaccine, surveillance and
diagnosis play key roles in ASFV control.
However, current technique for the surveil-
lance and diagnosis of ASFV is insufficient
and inconvenient. So far, PCR and ELISA are
the most commonly used testing method in
clinical practice, and more convenient and
fast immunological methods are urgently
needed [4, 5].
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Fluorescence immunochromatographic
assay (FICA) is regarded as a promising diag-
nostic tool for fast testing, and it has been
widely used in the detection of pathogens, pes-
ticide residue, biomarkers, etc [6—8]. FICA has
many advantages, including rapid test proce-
dure, convenient operational equipment, and
low cost testing. In this study, we aims to es-
tablish a fast detection method for ASFV anti-
gen using FICA method. At present, we have
already prepared P54 recombinant antigen and
its paired monoclonal antibodies (MAb) [9].
Using these validated antigen and antibodies,
we prepared a fast and accurate FICA Kkit,
meanwhile evaluated its sensitivity, accuracy,
specificity and stability.

This study aims to establish a fast de-
tection method for ASFV antigen using fluo-
rescence  immunochromatographic  assay
(FICA).

MATERIALS AND METHODS

Antigen, antibody, reagents and clin-
ical samples

P54 recombinant antigen (Escherichia
coli) and its paired MAb (3E2 and 4B2) of
ASFV were obtained from Guangzhou Youdi
Biotechnology Co., Ltd. Europium (IIT) (Eu’")
labeling kit was purchased from PerkinElmer
(Norwalk, USA). The buffers used in this
study are all self-prepared. 23 clinical nasal
discharge samples with ASFV positive, and
100 healthy ral/nasopharyngeal swab samples
came from South China Agricultural Universi-
ty. The positive samples of transmissible gas-
troenteritis virus (TGEV, 6 cases), porcine res-
piratory coronavirus (PRCV, 8 cases), porcine
hemagglutinating encephalomyelitis  virus
(PHEV, 12 cases), and porcine circovirus
(PCV, 10 cases) also came from South China
Agricultural University. All samples were
stored at -80 °C .

Conjugation of 3E2 antibodies to flu-
orescent micros}pheres

The Eu’" fluorescent microspheres
were activated by the classical EDC/NHS (1-
(3-Dimethylaminyl)-3-ethylenediamine hydro-
chloride/N-hydroxysuccinimide) method and
then coupled with 3E2 antibodies. After cen-
trifugal washing, activated fluorescent micro-
spheres were added into 3E2 antibodies
(1 mg), and gently shaken at room temperature
for 3 h. Then, blocked (5 % BSA, 1h, at room
temperature) the fluorescent microspheres, re-

suspended them in buffer (25 mmol/L Tris-
base, 1 % BSA, 0,05 % Tween 20, pH 7.5),
and stored in the dark at 4 °C . Conjugation of
DNP-BSA to fluorescent microspheres was
also carried out according to the above steps.

Coating of NC membrane

4B2 antibodies were coated in Test
line (T line), and DNP antibodies were coated
in control line (C line). Coating was per-
formed by the XYZ3060 3D spraying plat-
form at a spraying speed of 1,0 uL/cm, and at
the concentration of 1 mg/mL and 0,8 mg/mL.
After coating, NC membranes were dried in a
37 °C air drying oven for 2 h, and then used
for the preparing of FICAS kit.

Preparing of sample pads and bond-
ing pads

3E2 antibodies-fluorescent microsphe-
res conjugates and DNP-BSA-fluorescent mi-
crospheres conjugates were dissolved in
bonding pads buffer (60 mmol/L
Na,HPO412H,0, 1 % Trition-X100, 0,5 % po-
lyvinyl alcohol, pH 7.4), and then simultane-
ously coated onto the bonding pads through
soaking. After draining, cut them into 6 mm
wide strips for the preparing of FICAS Kkit.
The sample pads were soaked in a buffer
(20 mmol/L sodium tetraboric acid, 0,2 %
sodium casein, 1 % Trition-X100, 0,5 % poly-
vinyl pyrrolidone, 0,1 % ProClin 300, pH 7.8)
for 1 h. After draining, cut them into 18 mm
wide strips for the preparing of FICAS kit.

Preparing of FICAS kit

The FICAS consist of 5 component:
PVC baseboard, sample pad, bonding pad,
NC membrane, and absorbent paper. After
pre-treatment, the sample pad, bonding pad,
NC membrane and absorbent paper (16 mm)
are sequentially fixed on the PVC baseboard,
and then the whole board was cut into 3 mm
wide strips. The strips were slotted into the
plastic cards, sealed and stored in a dark bag.
These strips, along with the sample buffer and
FICA analyzer, constitute the kit.

Test procedure

After optimization, the test procedure
was finally established: Sample dissolved into
100 uL sample buffer, and dropped into the
sample well, and then inserts the strip into a
FICA analyzer (Youdi, #YDT023). After 15
min, the analyzer will automatically perform
the test and calculate the concentration of
ASFV antigen, which was calculated using
the built-in standard curve (Figure 1).
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FICAS kit

Sampling

Test and print the result

Figure 1 — FICAS kit component and Schematic diagram of test procedure

Reference interval

A total of 100 healthy control samples
were used to determinate the reference inter-
val. FICTS kit tested the above samples, and
one-sided upper limit of the 95 % reference
interval range was calculated using the fol-
lowing formula: mean + 1,64SD.

Sensitivity

The FICAS to detect the serial dilu-
tions of P54 antigen (0, 0,1, 1, 10, 100 and
500 ng/mL), and the concentrations of P54
antigen were plotted as X axis, the ratio of T
line’ fluorescence values/C line’s fluores-
cence values as the Y axis, performed a linear
fit and obtained the standard curve. Three rep-
licates in each concentration. 0 ng/mL was
used as a sample for 20 tests, and the 20 T/C
values obtained were substituted into the
standard curve to calculate the mean and SD.
The sensitivity of this FICAS kit is (mean+
2*SD).

Accuracy assay

Dilute P54 antigen to 1 ng/mL,
10 ng/mL, and 500 ng/mL using healthy con-
trol swab samples, and test their concentra-
tions using the FICAS kits. Coefficient of
variation (CV, SD/meanx100 %) and recovery
((determined concentration-basal concentra-
tion)/spiked concentrationx100 %) were calcu-
lated to evaluate accuracy. Five replicates in
each test.

Specificity assay

The positive samples of TGEV,
PRCV, PHEV and PCV, 23 positive samples,
100 healthy control samples, as the samples,
were tested using these FICAS kits. According
to the reference interval, we determined the

negative or positive of these samples and fi-
nally obtained the specificity results.

Stability assay

The FICAS and sample buffer were
stored at 37 °C for 7 consecutive days. The
high, medium and low concentration P54 anti-
gen (1 ng/mL, 100 ng/mL, and 500 ng/mL) as
the samples to performed the daily testing,
recorded their fluorescence values, and plot-
ted the curves to evaluate the stability of
FICAS kit.

Statistical methods

Data were statistically analyzed using

SPSS 19.0. All date is shown as the mean =+
SD or mean. Standard curve was plotted using
GraphPad Prism 5 (GraphPad Software, USA).

RESULTS AND DISCUSSION

Standard curve and sensitivity

The standard curve of the FICAS kit is
shown in Figure 2. Curves equation is:
y=0,1407x + 0,6218 (R’ = 0,9964), and the
curve exhibit a well-defined linear relation-
ships in the 0-500 ng/mL concentration rang-
es. The calculated sensitivity of the FICAS kit
was 0,044 ng/mL.

Reference interval

Normality test confirmed that 100 val-
ues belong to normality distribution, and the
one-sided upper limit of 95 % reference inter-
val range is 0,051 ng/mL (calculated using:
mean + 1,645D), indicating when the sample
concentration measured using this FICTS kit
is greater than 0,051 ng/mL, it may be ASFV
positive, and when it is below 0,051 ng/mL, it
may be ASFV negative.
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Accuracy assay

The accuracy of the FICAS kit was
evaluated by detecting the healthy control
sample that had been added with P54 antigen
(1,10 and 500 ng/mL). As listed in Table 1,

Table 1 — Accuracy results of the FICAS kit

the recoveries of three concentrations ranged
from 102,07 % to 108,60 %, and all CVs were
below 7 %. The accuracy results indicated
that the accuracy of the FICAS kit was high.

meanz ecovery (% 0
Added( ;g}lncir;tratmn SD R (%) CV (%)
1 1,11+0,070 108,60 6,35
10 10,49+0,33 104,72 3,10
500 510,36+4,48 102,07 0,88
Specificity results And, 23 positive samples and 100 heal-

Specificity results are presented in Ta-
ble 2, indicating the common pigs infectious
disease samples do not lead to cross-reactivity.

Table 2 — Specificity results of the FICAS kit

thy control samples also did not lead to false
negative and false positives. Specificity re-
sults means that the FICAS kit had high spe-
cificity to ASFV.

Interferents n Detected concentration P/N
ASFV 23 43,88+29,53 AllP
TGEV 6 0,028+0,012 AlIN
PRCV 8 0,040+0,0081 AlIN
PHEV 12 0,030+0,010 AllN
PCV 0 0,026:0,0077 AlIN
Healthy control 100 0,03+0,013 AllN
Stability assay 500 ng/mL) (Figure 3) has no significantly

After 7 consecutive days of 37 °C stor-
age, the T line’- and C line’ fluorescence val-
ues of the the high, medium and low concen-
tration P54 antigen (1 ng/mL, 100 ng/mL, and
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changes, and their ratio T/C has no markedly
changes, indicating that the stability of the
FICAS kit is good, the expiration date of this
kit is more than 12 months at room temperature.

—— [ ng/mL
%2 — 100 ng/mL
—+— 500 ng/mL

Figure 3 - Stability results
of the FICAS kit
(7 days, 37 °C).
T/C: fluorescence values
of T line/fluorescence values
of C line
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ASF, as a highly contagious disease of
pigs, its transmission speed is very fast, so dai-
ly monitoring of pig farms at the grassroots
level is very necessary. Immunological testing
is more suitable for daily monitoring in pig
farms due to its simplicity and rapidity. In ad-
dition to ELISA method, some new detection
technologies are being developed [5, 10, 11].
Li C et al. established a reliable and sensitive
suspension microarray technology-based mul-
tiplexing method for ASFV antibody detection
with a 16-fold improvement in detection sensi-
tivity compared to commercial ELISA kits [5].
Li C et al. prepared a FICTS using the trunca-
ted P54 protein as an antigen and Eu-doped
fluorescent microspheres as tracers to specifi-
cally detect anti-ASFV antibodies [11]. Cur-
rently, most commonly used commercial im-
munological methods are used to detect ASFV
antibodies [4, 5, 12]. Differently, our FICAS
kit directly detects ASFV pathogens. In this
study, we established a double antibody sand-
wich FICA method and assembled FICAS kit
to detect the ASFV pathogen. This rapid, feasi-
ble and effective FICAS kit provides more op-
tions for rapidly screening ASFV infection in
pigs industry.

P54 protein is a main structural protein
of ASFV, a 25-kDa polypeptide encoded by
the E183L gene. P54 protein is main binding
site of serum antibodies and has good immu-
nogenicity. Importantly, antibodies against
P54 protein can be detectable early after
ASFV infection of domestic pigs [13]. Gallar-
do C et al. found recombinant ASFV protein
P54 is a sensitive and specific target for the
detection of antibodies in European and West
African domestic pigs and warthogs [14]. Cao
Y et al. prepared a strain of mAb against the
P54 protein, which could successfully recog-
nize the exogenously expressed P54 protein
and the chimeric virus constructed in our la-
boratory [15]. A FICTS using the truncated
P54 protein as an antigen and commercial
ELISA kits showed high consistency to speci-
fically detect anti-ASFV antibodies [11]. Simi-
larly, we have also prepared recombinant P54
protein and its mAb, which has been used for
the detection of anti-ASFV antibodies [9]. In
our this further study, we prepared a FICAS
kit using P54 protein and its mAb to detect the

ASFV pathogen, which has high sensitivity,
accuracy, specificity and stability, and there
was a high degree of specificity/sensitivity
with 23 positive samples and 100 healthy
control samples.

The performance of the prepared fluo-
rescence probes plays an important role in the
sensitivity and stability of the FICA system.
Eu’’-microspheres are one of the most com-
monly used fluorescence microspheres in FI-
CA system [16, 17]. The surface of the micro-
spheres is modified with carboxyl groups
(- COOH) or streptavidin (- SA), making the
formed conjugates more stable [18]. Eu’" na-
noparticles-based FICAS has high sensitivity
and stability. The FICAS was stable and
could be stored for up to one year at room
temperature [19]. Research has shown that
combining a europium-based ELISA can be
applicable to achieve high specificity and sen-
sitivity in an ELISA format [20, 21]. In this
study, we chose Eu’" label-microspheres as
the fluorescence probes, and also established
a high sensitivity, accuracy, specificity and
stability FICA method. Our FICAS kit rea-
lized the quantitative analysis of ASFV anti-
gen within 15 min, the sensitivity were
0,044 ng/mL with strong specificity, the expi-
ration date of this kit was more than 12
months at room temperature, all recoveries
ranged from 102,07 % to 108,60 %, and all
CVs were below 7 %. Compared with the sen-
sitivity, specificity, precision of reported
time-resolved fluorescence immunoassay me-
thod (sensitivity 0.015mg/mL, recovery 92,00
to 103,62 %, CV 5,20 to 11,96 %, detection
time 45 min) [22], the FICTS exhibited a
comparable detection performance with the
additional advantages of the detection time
(15 min). Therefore, this Eu’" nanoparticles-
based FICAS can be a rapid, feasible and ef-
fective method in ASFV screening.

In conclusion, the prepared FICAS kit
is rapid, feasible and effective for testing
ASFV within 15 min, which may play a great
role in serological diagnosis and epidemio-
logical monitoring of ASF in the future. The
establishment of this FICA method foresha-
dows FICA has great implementation promise
in detecting animal infectious diseases.
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