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Abstract 
African swine fever virus (ASFV) causes a highly contagious and often lethal swine viral disease, and leads to tremendous 
economic losses to the swine industry. Unfortunately, there are no vaccines and effective antiviral agents available to prevent 
and control ASFV outbreaks. Therefore, it is necessary to develop simple and rapid strategies to monitor ASFV-infected pigs 
to restrain its spread. In the current study, ASFV capsid protein p72 was expressed along with its chaperone pB602L to form 
trimers in human embryonic kidney 293 (HEK293) cells. The p72 trimers were subsequently labeled with colloidal gold to 
develop a immunochromatographic strip. The strip showed high specificity to ASFV-positive serum and no cross-reactivity to 
other swine virus positive sera. Importantly, the strip showed a higher sensitivity of detecting ASFV antibodies in both posi-
tive standard serum and clinical serum samples than a commercial enzyme-linked immunosorbent assay (ELISA) kit. Taken 
together, these results demonstrate the strip as a reliable diagnostic tool against ASFV infection, which will be appropriate 
for application in prevention and control of ASFV.

Key points 
• ASFV p72 trimers were successfully generated.
• A colloidal gold strip was developed based on ASFV p72 trimers.
• The strip is appropriate for detecting ASFV antibodies in the field.

Keywords Antibody detection · ASFV · Colloidal gold immunochromatographic strip · P72 trimers

Introduction

African swine fever (ASF), caused by ASF virus (ASFV), 
is a devastating disease of swine notifiable to the World 
Organization for Animal Health (OIE) (2019). ASF was first 
reported in Kenya in 1921 and rapidly spread throughout 
Europe in the 1950s (Dixon et al. 2019; Montgomery 1921). 
In June 2007, ASF was reported in the Caucasus region 
of Georgia and has since become prevalent in Russia and 
spread to other neighboring countries (Gogin et al. 2013). 
In August 2018, the first ASF case emerged in China, which 
has half of the world’s pig population (Zhou et al. 2018). 
At present, ASF is epidemic in many countries burdening 
global swine industry (Kedkovid et al. 2020).

Unfortunately, there are no vaccines or effective treat-
ments to restrain ASF outbreaks (Gaudreault and Richt 
2019; Revilla et al. 2018). The only control strategy is to 
eliminate ASFV-infected pigs (Costard et al. 2009). As a 
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consequence, ASFV antibody surveillance as an important 
indicator of ASFV infection is a key to prevent and control 
this disease (Dixon et al. 2020).

ASFV is a large enveloped DNA virus in the Asfivirus 
genus in the Asfarviridae family (Galindo and Alonso 2017). 
ASFV genome ranges from 170 to 190 kb and encodes 
more than 150 proteins (Wang et al. 2020). ASFV B646L 
gene encodes the major capsid protein p72. The amino acid 
sequences of p72 share high identity among different ASFV 
strains, including the recently identified natural mutants in 
China (Yu et al. 1996; Zhang et al. 2021c). The p72 is the 
most predominant structural component and constitutes 
approximately 31–33% of the total mass of ASFV virions 
(Revilla et al. 2018). It is also one of the first identified viral 
proteins responsible for induction of antibodies post infec-
tion (Carolina et al. 2013). As a consequence, p72 is well 
suited as an antibody detection target for ASFV infection 
(Heimerman et al. 2018; Jia et al. 2017; Yu et al. 1996).

In this study, we have developed a colloidal gold immu-
nochromatographic strip with p72 trimers for ASFV anti-
body detection. ASFV antibodies can be detected by the 
naked eye in both positive standard serum and clinical serum 
samples using the strip without specialized equipment or 
professional personals. More importantly, the strip is more 
sensitive than a commercial enzyme-linked immunosorbent 
assay (ELISA) kit for clinical serum sample detection. The 
strip will be a potent detection tool for ASF surveillance in 
the field.

Materials and methods

Serum samples

Healthy swine negative serum, positive standard sera for 
ASFV, pseudorabies virus (PRV), classical swine fever virus 
(CSFV), and porcine circovirus type 2 (PCV2) were pur-
chased from China Veterinary Culture Collection Center 
(Beijing, China). Positive serum samples for porcine repro-
ductive and respiratory syndrome virus (PRRSV), porcine 
parvovirus (PPV), foot-and-mouth disease virus (FMDV), 
and 54 serum samples positive for ASFV nucleic acid were 
collected and stored in our laboratory. All sample treatments 
were strictly performed in accordance with the standard 
operation for ASFV by OIE.

Expression, purification, and characterization of p72

The genes of ASFV p72 and pB602L (Pig/HLJ/18 Gen-
Bank: MK333180.1) were codon optimized, synthesized and 
cloned into pCMV vector by Sangon Biotech (Shanghai, 
China) (Liu et al. 2019a). The sequences were deposited in 
GenBank with the p72 accession number OL698792 and the 

pB602L accession number OL698793. The recombinant p72 
was fused with Flag-tag at its N terminus, and the recombi-
nant pB602L was fused with His-tag at its N terminus. These 
two recombinant vectors were co-transfected into human 
embryonic kidney 293 (HEK293) cells for expression. The 
target protein expression was detected with anti-Flag-tag 
antibody (Zen BioScience, Chengdu, China) and anti-His-
tag antibody (Proteintech, Wuhan, China) by western blot-
ting (WB).

The p72 was purified with Flag affinity chromatography 
using anti-DYKDDDDKG affinity resin (GenScript, Nan-
jing, China). The concentrated p72 was further fractionated 
by a HiLoad 16/600 Superdex 200 pg column (GE health-
care, Uppsala, Sweden). The purified p72 was analyzed by 
sodium dodecyl sulfate–polyacrylamide gel electrophoresis 
(SDS-PAGE). The purified p72 was further applied to a size 
exclusion chromatography column (Superdex 200 Increase 
10/300 GL; GE healthcare) and then analyzed by native-
PAGE. The molecular mass (MM) was determined by the 
calibration curve and calculated from its elution volume (Ve) 
and column void volume (Vo). The antigenicity of the puri-
fied p72 was tested by WB using ASFV-positive standard 
serum and negative serum as control. The p72 concentration 
was determined by BCA protein concentration determination 
kit (Beyotime Biotechnology, Shanghai, China) for further 
use.

Generation of polyclonal antibodies (pAbs) 
against the purified p72

The experimental procedure for generation of pAbs was 
authorized and supervised by the Ethical and Animal 
Welfare Committee of Key Laboratory of Animal Immu-
nology of the Ministry of Agriculture of China (Permit 
2020060401). The purified p72 was used as immunogen 
to immunize 6-week-old New Zealand white rabbits with 
300 μg in Freund’s complete adjuvant (Sigma, St. Louis, 
USA) per rabbit by multi-point subcutaneous injection on 
the back. Rabbits were immunized for another two times 
with 3-week interval. Two weeks after the third immuniza-
tion, the immune serum was isolated from the immunized 
rabbit blood, and the serum antibody titers were identified 
by indirect ELISA. Briefly, the ELISA plate was coated with 
0.2 μg/mL purified p72, and then added with two-fold seri-
ally diluted immune sera. A large amount of high-titer serum 
was obtained by heart blood collection method and purified 
by sulfate precipitation (Liu et al. 2017).

Conjugation of the purified p72 with colloidal gold

Colloidal gold was obtained by previously reported sodium 
citrate reduction method (Fren 1973). Briefly, 1 mL of 1.0% 
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chloroauric acid (Aladdin, Shanghai, China) was added to 
99 mL of ultrapure water and boiled for 3 min. The boiled 
solution was added with 1.6 mL of 1.0% trisodium citrate 
(Aladdin) solution and heated continuously for 5 min until 
the color changed to deep red with no longer changes. The 
colloidal gold solution was cooled to room temperature (RT) 
and store at 4 °C.

The optimal amount of antigen and labeling conditions 
was determined according to a previous report (Sun et al. 
2019). The purified p72 was incubated with colloidal gold 
solution at RT for 30 min. The mixture was added with the 
3% casein solution and further incubated at RT for 20 min. 
The resulting suspension was centrifuged at 12,000 × g at 
4 °C for 30 min, and the colloidal gold-labeled p72 was 
suspended in 0.02 M sodium borate buffer containing 1% 
bovine serum albumin (BSA), 0.1%  NaN3.

Assembly of the strip

The fiberglass pad was saturated with a buffer contain-
ing 2.0% (w/v) BSA, 20 mM sodium borate, 2.0% (w/v) 
sucrose and 0.1% (w/v)  NaN3, and dried as the sample pad. 
The colloidal gold-labeled p72 was dispensed on the fiber-
glass pad and dried at 45 °C for 1 h as the conjugate pad. 
Staphylococcal protein A (SPA, Sigma) and rabbit anti-p72 
pAbs were dispensed on nitrocellulose (NC) membrane 
(300 mm × 25 mm, Merck Millipore) as the test and control 
lines, respectively, and dried at 42 °C for 4 h. Pure cellu-
lose fiber was used as the absorbent pad. These pads and NC 
membrane were sealed and stored at RT under dry conditions.

The assembly of the strip was performed as described 
previously (Li et al. 2017). Briefly, the sample pad, conju-
gate pad, NC membrane, and absorbent pad were assembled 
on a support plate sequentially with 1–2 mm overlapping 
each other, and then cut into individual 2.8-mm-wide strip. 
The strip was installed in a plastic case and sealed for fur-
ther use.

Cross‑reactivity evaluation of the strip

The cross-reactivity test of the strip was determined by 
positive sera for ASFV and other swine viruses (PRRSV, 
PRV, CSFV, PCV2, FMDV, PPV) and healthy swine nega-
tive serum. For testing, the serum samples were diluted with 
normal saline at 1:200 and added to each sample well of the 
strip with 100 μL. The results were observed by the naked 
eye 10 min later.

Detection limit evaluation of the strip

The detection limit of the strip was evaluated by ASFV-
positive standard serum. The serum was diluted by two-fold 
serial dilutions from 1:100 to 1:819,200. The strip was tested 

with the diluted serum, and the test line was scanned with a 
TSR3000 membrane strip reader (BioDot, Carlsbad, USA) 
to obtain the relative optical density (ROD). The result was 
displayed as graph/density × area (G/D × A) of the ROD 
value, and it is considered positive when > 10 (Li et al. 
2021). The diluted sera were tested by a commercial ELISA 
kit (IDVET, Marseille, France) in parallel. The results were 
expressed in an optical density sample/positive control (S/P) 
ratio. It is considered positive when S/P > 0.4 according to 
the manufacturer’s instruction.

Stability and repeatability evaluation of the strip

The stability and repeatability of the strip were evaluated 
with four-fold serially diluted ASFV-positive standard sera 
and a negative serum. The strips were stored at RT for 2, 4, 
and 6 months and tested for their stability. In the meantime, 
all tests were repeated three times to determine repeatability. 
The strip test lines were scanned by the TSR3000 membrane 
strip reader to obtain the ROD values. Coefficients of vari-
ation (CVs) of the strip in testing each dilution were indi-
vidually calculated as the ratio of standard deviation (SD) 
to average value based on three independent experiments. It 
was considered an acceptable repeatability level for the strip 
when the CV value was less than 15%.

Clinical sample detection

To further evaluate the strip for detecting clinical samples, 
a total of 54 serum samples positive for ASFV nucleic acid 
were tested with the strip and the commercial IDVET ELISA 
kit, respectively. The seroprevalence rates were compared 
between these two assays.

Results

Expression, purification, and characterization 
of recombinant p72

In order to obtain the trimer form of p72, we co-expressed 
ASFV p72 and its chaperon pB602L in HEK293 cells (Liu 
et al. 2019a). The tag antibodies detected that the MM of 
p72 was between 70 and 100 kDa, and pB602L was 70 kDa 
(Fig. 1a, b). The p72 was purified by Flag affinity chroma-
tography and eluted with 400 μg/mL Flag peptide (Fig. 1c). 
The p72 was further obtained with high purity by gel filtra-
tion chromatography (Fig. 1d).

The purified p72 was applied to calibrated size exclu-
sion chromatography and eluted at 11.26 mL (Fig. 2a), sug-
gesting that its MM corresponds to approximately 194 kDa 
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Fig. 1  Expression and purifica-
tion of the p72. a The expres-
sion of the p72 was verified by 
anti-Flag tag antibody. b The 
expression of the pB602L was 
verified by anti-His tag anti-
body. c SDS-PAGE analysis of 
the p72 purified by Flag affinity 
chromatography. The p72 was 
eluted with 400 μg/mL Flag 
peptide. d SDS-PAGE analyses 
of the p72 purified by gel filtra-
tion chromatography; c, d M 
protein MM marker

Applied Microbiology and Biotechnology (2022) 106:2703–27142706
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(Fig. 2b). The eluted p72 was further analyzed by native-
PAGE (Fig. 2c) and indicated as trimers, in consistent with 
the previous report (Liu et  al. 2019a). Importantly, the 

purified p72 was recognized by ASFV-positive standard 
serum but not negative serum (Fig. 2c), which demonstrated 
that p72 trimers showed good antigenicity.

Fig. 2  Characterization of the purified p72. a Size exclusion chroma-
tography and native-PAGE analyses of the purified p72. The purified 
p72 was eluted at 11.26  mL. Native-PAGE analysis of the p72 was 
indicated by the black line. b The calibration curve of the Superdex 
200 Increase 10/300 GL column used for the purified p72 charac-

terization. The estimated MM (194 kDa) of the p72 in solution was 
calculated based on the Ve/Vo value (1.27) of the p72. c Immuno-
genicity tests of the purified p72 by pig negative and positive sera; M: 
protein MM marker

Applied Microbiology and Biotechnology (2022) 106:2703–2714 2707
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Preparation of anti‑p72 pAbs

The purified p72 was immunized in rabbits to prepare pAbs. 
After three immunizations, the titer of rabbit anti-p72 pAbs 
was determined by indirect ELISA. The prepared pAbs 
reacted well with the p72 (date not shown) and the titer 
reached 1:105.

Assembly of the strip

The schematic diagram of the strip is shown in Fig. 3a. In 
the presence of the specific anti-p72 antibodies in the serum, 
they will be captured first by the colloidal gold-labeled p72 
to form antibody-antigen immune complexes. The com-
plexes will be subsequently captured by SPA, which binds 
to Fc fragments of mammalian IgG and certain IgM and 
IgA. A red band therefore appears at the test line and is vis-
ible to the naked eye. In the absence of anti-p72 antibodies, 
the antibody-antigen immune complexes will neither form 
nor show a red band at the test line. As a quality control 
check, the colloidal gold-labeled p72 can be captured by 
anti-p72 pAbs at the control line position as a visible red 
band whether or not the serum contains anti-p72 antibodies. 
Otherwise the test is considered invalid (Fig. 3b).

Cross‑reactivity of the strip

Cross-reactivity of the strip was evaluated with ASFV-pos-
itive standard serum, negative serum, and sera positive for 
PRRSV, PRV, CSFV, PCV2, FMDV, and PPV. Serum sam-
ples with 200-fold dilution were applied to the strip for test. 
As shown in Fig. 3c, the strip showed only one red band at 
the control line when tested with negative serum and other 
swine virus positive sera. In contrast, the strip showed two 
red bands at the test and control lines, respectively, when 
tested with the ASFV-positive standard serum. The results 
demonstrate that the strip has high specificity for detection 
of anti-ASFV antibodies.

The detection limit of the strip

The detection limit of the strip was evaluated by two-fold 
serially diluted ASFV-positive standard serum with immu-
nofluorescence assay (IFA) titer 1:4000. As shown in 
Fig. 3d, the red color depth of the test line is directly pro-
portional to the antibody level within a certain range, and 

the strip still showed a red band at the test line with addi-
tion of 1:204,800 or even lower diluted positive serum. The 
strip test lines were scanned with the TSR3000 membrane 
strip reader, and the G/D × A of the ROD value decreased as 
the serum was diluted. As the sample is considered positive 
when the value is > 10 (Li et al. 2021), the detection limit of 
the strip reached up to 1:409,600 (Table 1). In parallel, we 
also utilized the commercial IDVET ELISA kit to perform 
the same test. The kit detection limit was 1:6400 (Table 1), 
where S/P > 0.4 is considered positive according to the 
instruction manual. These results provide evidence that the 
strip has high sensitivity for detecting anti-ASFV antibodies.

Stability and repeatability of the strip

In stability assay, the strips stored for different time peri-
ods (2, 4, and 6 months) were measured by the ASFV-pos-
itive standard serum with a four-fold dilution from 1:100 to 
1:409,600. The strip of 6-month storage still showed almost 
identical detection limit to the newly produced strip, where 
the detection limit reached 1:409,600 (Table 2). Addition-
ally, the strip of each time-period storage was tested with 
each diluted sample for three times to assess repeatability. 
As shown in Fig. 4 and Table 2, all the CV values were less 
than 15% within the allowable range of error. These results 
show that the strip has good stability and repeatability within 
at least 6 months.

Clinical serum sample detection of the strip

To evaluate whether the strip is suitable for ASFV antibody 
detection in clinical application, 54 serum samples positive 
for ASFV nucleic acid were simultaneously tested with the 
strip and the commercial IDVET ELISA kit. Table 3 shows 
that the detected positive sample numbers were 24 by the 
strip and 10 by the commercial IDVET ELISA kit, respec-
tively. In other words, the seroprevalence rate of the strip 
was 44%, and that of the commercial kit was 18.5%. Con-
sequently, the strip shows a higher sensitivity to the serum 
samples positive for nucleic acid and is potent for detecting 
ASFV antibodies in clinical serum samples.

Discussion

At present, ASF cases have been reported in more than 60 
countries around the world (Clemmons et al. 2021). Most 
ASFV strains cause up to 100% mortality in domestic swine 
(Wormington et al. 2019). China is the largest pig-producing 
and pork-consuming country in the world. ASF was first 
reported in China in 2018 and will continue to circulate for a 
long time based on reports and experience in other countries 
(Tao et al. 2020; Terrestrial code OIE 2019). Therefore, ASFV 

Fig. 3  Schematic representation and test of the strip. a, b Schematic 
figures of the strip and the test results. c Cross-reactivity test of the 
strip. The test serum samples were diluted by 1:200 and added to the 
sample well of the strip. d The detection limit test of the strip. ASFV-
positive standard serum was diluted by two-fold serial dilutions from 
1:100 to 1:819,200 and added to the sample well of the strip. After 
10 min, the results were observed by the naked eye

◂

Applied Microbiology and Biotechnology (2022) 106:2703–2714 2709



1 3

detection is crucial for prevention and control of ASF (Blome 
et al. 2020).

Polymerase chain reaction (PCR), real-time PCR, and 
ELISA are conventional diagnostic methods for ASFV 
antigens/antibodies recommended by OIE (2019). How-
ever, these methods require specialized equipment and 
professional personals. The colloidal gold immunochro-
matographic strip does not require specialized equipment 
or professional personals. Hence, it is easy to operate, and 
the detection results can be rapidly judged within 20 min 
by the naked eye in field (Bahadır and Sezgintürk. 2016). 
The colloidal gold immunochromatographic strips have 

Table 1  Detection limit of the 
strip and the IDVET ELISA kit 
determined by ASFV-positive 
standard serum

 − negative; + positive, S/P > 0.4 is considered positive. G/D × A means density value of the sampled out-
line, multiplied by its area. G/peak indicates graph peak density, maximum density value of sampled line 
points. ROD means relative optical density, inverse of gray level value with a logarithmic transformation 
G/D × A-ROD × pixel > 10 is considered positive

Dilution ELISA Strip

OD 450 S/P Result G/D × A-ROD × pixel G/peak-
ROD × pixel

Result

1:100 3.06 1.62  + 1035.91 0.79  + 
1:200 2.83 1.49  + 984.93 0.68  + 
1:400 2.74 1.43  + 866.30 0.60  + 
1:800 2.53 1.32  + 794.95 0.51  + 
1:1600 2.04 1.14  + 669.30 0.41  + 
1:3200 1.34 0.66  + 646.25 0.38  + 
1:6400 0.85 0.42  + 554.74 0.33  + 
1:12,800 0.49 0.18  − 385.62 0.24  + 
1:25,600 0.29 0.07  − 229.56 0.15  + 
1:51,200 0.17 0.01  − 138.04 0.09  + 
1:102,400 0.12  − 0.02  − 87.98 0.06  + 
1:204,800 0.09  − 0.04  − 57.32 0.04  + 
1:409,600 0.07  − 0.06  − 22.45 0.02  + 
1:819,200 0.06  − 0.06  − 8.67 0.01  − 
N 0.16 0.00  − 8.42 0.00  − 

Table 2  Repeatability of the strips with different storage time deter-
mined by CV value

CV value (%) = (SD/mean) × 100%

Time point 
(month) /
Sample  
(dilution)

2 4 6 CV value 
(%)Average G/D × A-ROD × pixel of three 

repeat tests ± SD

1:100 998.5±6.40 978.66±5.02 1005.31±1.21 1.39%
1:400 880.89±11.56 749.74±11.06 931.53±3.63 10.99%
1:1600 718.77±8.54 714.08±1.08 639.27±3.07 6.46%
1:6400 542.61±1.44 594.63±6.51 535.57±7.20 5.79%
1:25,600 186.79±9.32 185.04±3.34 186.78±1.51 0.54%
1:102,400 105.09±1.76 81.44±3.96 88.30±6.33 13.28%
1:409,600 27.78±1.05 23.19±3.92 25.89±4.76 9.01%
N 9.07±0.76 7.06±0.81 9.21±1.17 14.23%

been combined with recombinase polymerase amplifica-
tion (RPA) to detect ASFV nucleic acid by other scholars 
(Wang et al. 2021; Zhai et al. 2020; Zhang et al. 2021b). In 
addition, ASFV protein detection has been developed based 
on monoclonal antibody-mediated colloidal gold test strip 
(Zhang et al. 2021a). Due to the presence of natural vari-
ant strains, the virulence of ASFV was weakened to some 
extent, and therefore ASFV infection is not easy to be iden-
tified by nucleic acid/protein diagnosis. As a consequence, 
these ASFV stains are more likely to result in wide spread, 
making eradication more difficult (Zhang et al. 2021c). 
Under these situations, ASFV diagnosis by detection of the 
specific antibodies is of great importance.

For ideal antibody diagnosis candidates, Kollnberger 
et al. identified several immunogenic proteins of ASFV, 
including both structural and non-structural proteins 
(Kollnberger et al. 2002). Among them, the p72 is con-
sidered as one of the most immunogenic and suitable can-
didates for antibody detection (Yu et al. 1996). The p72 
has been reported to exist as trimers in ASFV capsid by 
cryo-electron microscopy (cryo-EM) (Liu et al. 2019a, 
b; Wang et al. 2019). Therefore, preparation of the p72 
in its native form is the key for antibody test to accu-
rately distinguish positive and negative sera and reduce 
false positive reactions (Carolina et al. 2013). Previous 
studies expressed the p72 as insoluble inclusion bodies 
in Escherichia coli expression system (Freije et al. 1993; 
Garcia et al. 1998). Additionally, Wan et al. expressed the 
truncated p72 through E.coli expression system (Wan et al. 
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Fig. 4  Stability and repeat-
ability test of the strip. a The 
scan result of the test lines on 
the strips stored for 2 months 
by TSR3000 membrane strip 
reader. b. The scan result of the 
test lines of the strips stored 
for 4 months with TSR3000 
membrane strip reader. c. The 
scan result of the test lines of 
the strips stored for 6 months 
with TSR3000 membrane 
strip reader. The test sample is 
ASFV-positive standard serum 
with a four-fold dilution ratio 
and a negative serum as control

Applied Microbiology and Biotechnology (2022) 106:2703–2714 2711
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2022). Other reports produced the p72 alone in baculo-
virus expression system (Heimerman et al. 2018). How-
ever, the p72 was shown to fail in forming trimers when 
expressed alone (Cobbold et al. 2001). Interestingly, Zhu 
et al. reported to express the 72 alone in yeast competent 
cells and obtain p72 trimers (Zhu et al. 2022). In fact, 
the pB602L, an ASFV non-structural protein, has been 
described as a chaperone facilitating the correct folding of 
the p72 (Cobbold et al. 2001; Epifano et al. 2006; Meng 
et al. 2020). In the current study, the p72 was co-expressed 
with the chaperone pB602L in the eukaryotic expression 
system (Fig. 1). The MM of purified p72 is approximately 
200 kDa as analyzed by size exclusion chromatography 
and native-PAGE (Fig. 2), showing that the p72 monomers 
form into trimers, in consistent with the previous study 
(Liu et al. 2019a).

Next, a colloidal gold immunochromatographic strip 
was developed based on p72 trimers in this work. Our strip 
is highly specific to ASFV-positive serum, without cross-
reactivity to other swine virus positive sera. During the 
review of our article, Wan et al. have developed a colloidal-
gold dual immunochromatographic strip with recombinant 
p30 and truncated p72 as described above. The sensitivity 
of the strip is 1:256, which is equivalent to a commercial 
ELISA kit (Wan et al. 2022). Zhu et al. have also utilized 
gold nanoparticle–labeled and acid-treated p72 to establish 
a lateral flow strip. The sensitivity of the strip is 1:10,000 
for clinical positive sera (Zhu et al. 2022). The sensitivity of 
our strip is 1:204,800, which is more sensitive than the com-
mercial ELISA kit when testing positive standard serum. As 
a consequence, it is not surprising that the strip has a higher 
seroprevalence rate in the clinical serum samples positive 
for ASFV nucleic acid. In fact, we need ASFV-challenged 
pig sera to confirm the time point when the strip can detect 
antibodies. In the future, the detection of large-scale clini-
cal samples is necessary for promotion and application of 
the strip.

In conclusion, a colloidal gold immunochromatographic 
strip was developed based on p72 trimers in this study and 
showed a high diagnostic sensitivity, specificity, and repeat-
ability. As a supplement to nucleic acid detection, the strip 

can accurately identify ASFV antibodies in swine serum, 
providing a reliable tool in elimination of infected pigs and 
epidemiological investigations.
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