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Abstract
African swine fever (ASF) has severely influenced the swine industry of the whole world. Fast and accurate African swine fever virus
(ASFV) antigen detection is very important for ASF prevention. This study aims to establish a new detection method for detection
ASFV antigen using time-resolved fluorescence immunoassay (TRFIA) in the nose andmouth discharge. A double antibody sandwich
TRFIAmethod was optimized and established. Recombinant P30 recombinant antigen was captured by its antibodies immobilized on
96-well plate, and then banded together with another detection antibodies labeled with Europium(III) (Eu3+) chelates, finally time-
resolved analyzer measured the fluorescence intensity. The performance of this TRFIA (sensitivity, specificity and accuracy) was
evaluated using the clinical samples and compared with the nucleic acid testing method. The sensitivity of this TRFIA was 0.015 ng/
mL (dynamic range 0.24–500 ng/mL) with high specificity. The recovery ranged from 92.00 to 103.62%, the inter-assay CVs ranged
from 5.50 to 11.96%, and the intra-assay CVs was between 5.20 and 10.53%. Additionally, the cutoff value was 0.016. TRFIA took
only 45 min to generate results, and its detection capability comparable to the nucleic acid detection. This study developed a TRFIA
method that could be used for qualitative/quantitative detection of ASFV antigen in pigs nasal discharge, which has high sensitivity,
specificity and accuracy. This TRFIA provides a new method for rapidly screening ASFV infection in pigs industry.
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Introduction

African swine fever (ASF) is a viral hemorrhagic disease of pigs
with mortality rates approaching 100%, it is caused by a large
DNA virus, African swine fever virus (ASFV) [1, 2]. ASF has
caused major economic losses, limited pig industry and even
threatened food security in affected countries. ASF has erupted
and spread in Poland, Lithuania, China, Latvia, Belarus, USA
and the Russian Federation etc.[3, 4]. Unfortunately, there is
currently no effective antiviral drug or vaccine against ASFV
[5]. Stamping out and movement control are the mainly control
measures. Currently, the diagnostic methods for ASFV include
nucleic acid detection, ASFV antigen detection and ASFV anti-
body detection (ELISA method), and establishment of new
ASFV diagnostic technology is urgently needed [6, 7].

Time-resolved fluorescence immunoassay (TRFIA) is a
novel detection technique using the unique lanthanide fluores-
cence properties, which can offer higher sensitivity, lower
matrix interference and enlarge dynamic range than ELISA
[8–10]. At present, TRFIA has been used in the diagnosis
and screening of various viral infectious diseases of humans
and animals [11, 12]. However, TRFIA has not yet been used
in ASF screening. In this present study, we have optimized
and established a double-antibody sandwich TRFIA method
for detection of ASFV antigen. Compared with commercial
ELISA kits, the detection performance of TRFIA is equiva-
lent. This TRFIA provide a newmethod for sensitive, accurate
and specific detection of ASFV.

Materials and Methods

Antigen, Antibody, Samples and Reagents

Recombinant P30 recombinant antigen (Escherichia coli),
anti-P30 paired monoclonal antibodies of ASFV were
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prepared by Guangzhou Youdi Biotechnology Co., Ltd. 15
clinical nasal discharge samples with ASFV positive, and
110 healthy ral/nasopharyngeal swab samples came from
South China Agricultural University. All samples were stored
at -80 . Europium(III) (Eu3+) labeling kit was purchased from
PerkinElmer (Norwalk, USA). Sephadex G50 column was
purchased from Amersham Pharmacia Biotech (Piscataway,
NJ, USA). The buffers used in this study are all self-prepared
using the routine laboratory reagents.

Optimized Coating Procedure

Anti-P30 coating monoclonal antibodies were diluted into dif-
ferent concentrations (1 µg/mL, 2 µg/mL, 5 µg/mL, 10 µg/
mL) and added into the 96-well plates. Coated the plates at 37
for 2 h, and then blocked the plates with 200 µL/well blocking
buffer (50 mmol/L, pH 7.4 PBS supplemented with 3% BSA)
at 37 for 1 h. Then, removed the blocking buffer and dried in
vacuum, and finally stored the 96-well plates at -4 . Using
different concentrations of anti-P30 coating monoclonal anti-
bodies to optimize antibody coating concentration.

Optimized Labeling Procedure

According to the protocol provided by the Eu3+ labeling kit,
anti-P30 detection monoclonal antibodies was labeled with
Eu3+-chelates. Briefly, washed the 1 mg detection antibodies
with labeling buffer (2 mg/mL), and then added into 50, 100
or 200 µg Eu3+-chelates. Gently shaken the mixture for 24 h at
-4 , and then purified the Eu3+-labeled detection antibodies
using a Sephadex G50 column. Finally, the Eu3+-labeled de-
tection antibodies purified were stored at -20 .

Optimized Assay Procedure

Optimized assay procedure using the one-step procedure, in-
cluding the volume of Eu3+-labeled detection antibodies and

enhancement solution, and the immunoreaction time. Briefly,
standards, samples and Eu3+-labeled detection antibodies
were added into the coated 96-well plates, and then incubated
at room temperature. After washing the wells, added the en-
hancement solution into the wells, and shaken gently for a few
minutes. Finally, time-resolved analyzer (PerkinElmer, Auto
1420, Waltham, MA, USA) measured the fluorescence.
Scheme of the present TRFIA was shown in Fig. 1.

Standard Curves and Sensitivity Assay

The standard curve was established using serial dilutions of
P30 antigen (0, 0.01, 0.1, 1, 10, 100 and 500 ng/mL). The Log
function values of P30 antigen were plotted as X axis, and the
Log function value of their fluorescence as the Y axis, per-
formed a linear fit and draw the standard curve. The limit of
the blank (LOB) was defined as the mean of the blank assayed
in 20 independent measurements. The limit of detection
(LOD) was determined by adding two standard deviations
(SD) to the LOB, that means LOD = LOB + 2*SD [13].

Specificity Assay

High concentrations of transmissible gastroenteritis virus
(TGEV), porcine respiratory coronavirus (PRCV), porcine
hemagglutinating encephalomyelitis virus (PHEV), swine in-
fluenza H1N1 virus and porcine circovirus (PCV) were select-
ed for specificity assay.

Accuracy and Recovery Assays

By adding the known concentrations of P30 antigen (high,
medium, and low concentration respectively) into the nasal
discharge samples of healthy pigs, we evaluated the accuracy
and recovery of this TRFIA method. Performed six indepen-
dent experiments and calculated the mean and their SD. The
recovery, and the CVs of the intra-assay and interassay

Fig. 1 Scheme of the present TRFIA method
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variations were obtained. The formula of recovery is:
Recovery (%) = (measured concentration/theoretical concen-
tration) ×100. CV(%) = SD/mean×100.

Qualitative Criteria

This TRFIA method was used to detect the 110 nasal dis-
charge samples of the healthy pigs. Recorded the fluorescence
values of swab samples (Fs) and blank control (background
values, Fc), and calculate their antigen concentration accord-
ing to the standard curves. SPSS 17.0 was used for data sta-
tistical analysis. If the values of antigen concentration belongs
to the normal distribution, the normal distribution method is
used to calculate the reference interval range, and the 95%
reference interval range is calculated by the following formu-
la: cut off = mean + 1.96SD.

Comparison and Practical Application of TRFIA

15 clinical nasal discharge samples with ASFV positive and
110 nasal discharge samples of the healthy pigs were used
for comparison and practical application. The clinical sam-
ples were simultaneous measured by the present TRFIA
method and nucleic acid testing method (loop-mediated iso-
thermal amplification, LAMP, Chinese Academy of
Inspection and Quarantine, Beijing, China, No. 11 new vet-
erinary drugs).

Statistical Analysis

SPSS 19.0 was used for the statistical analysis. Data were
graphed using GraphPad Prism 5 (GraphPad Software,
USA). The data are expressed as the mean ± SD.
Correlations among different methods were calculated with
χ2 test.

Results

Assay Procedure Optimization

A double-antibody sandwich TRFIA method was devel-
oped under the following conditions: coating amount of
anti-P30 coating antibodies: 2 µg/mL, 100µL/well; opti-
mized labeling procedure: 1 mg detection antibodies
(2 mg/mL) + 100 µg Eu3+-chelates; 100 µL/well Eu3+-la-
beled detection antibodies, 200µL/well enhancement so-
lution, and the immunoreaction time was 45 min (Fig. 2).
In a word, the optimized assay procedure is: 20 µL sam-
ples or standards, 100 µL/well Eu3+-labeled detection an-
tibodies were added into the coated 96-well plates, and
then incubated for 45 min at room temperature. After
washed the wel l s 5 t imes , added 200 µL/wel l

enhancement solution into the wells, and shaken gently
for 2 min. Finally, time-resolved analyzer measured the
fluorescence.

TRFIA Standard Curves

Standard curve determinations were carried out using linear
regression and Log-Log regression. For the standard curve
depicted in Fig. 3, The best-fit calibration was depicted in
Fig. 3 by the following equation: LogY = 0.2019×LogX +
2.9888 (R2 = 0.9903). Sensitivity assay indicates the LOD of
this TRFIA was 0.015 ng/mL, and the dynamic range ranged
from 0.24 to 500 ng/mL.

Fig. 2 Optimization of immunoreaction time. The optimized TRFIA
method detected the Fluorescence of the 10 ng/mL P30 antigen standards
at the different immunoreaction time. The immunoreaction time were
plotted as the X axis, and fluorescence values of the antigen standards
as the Y axis, draw a curve

Fig. 3 Standard curves of ASFV antigen detection. The Log function
values of P30 antigen were plotted as X axis, and the Log function
value of their fluorescence as the Y axis, performed a linear fit and
draw the standard curve
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Specificity Results

This TRFIA detected the 5 interferents with high concentra-
tions (TGEV, PRCV, PHEV, H1N1 and PCV), and their re-
sults are shown in Table 1. The cross-reactivity was very low,
ranging from 0.18 to 0.23%, which means this TRFIA meth-
od had high specificity for ASFV P30 antigen.

Accuracy and Recovery Results

As presented in Table 2, the inter-assay CVs ranged from 5.50
to 11.96%, and the intra-assay CVs was between 5.20 and
10.53%. All CVs were less than 15%, which indicates that
this TRFIA assay has high accuracy. Additionally, the recov-
ery was between 92.00 and 103.62%. The recovery results
indicated that this TRFIAmethodwas free from interferents in
matrix samples.

Qualitative Criteria

After performing a normality test with SPSS 17.0, the concen-
tration values were normally distributed, so that the one-sided
upper limit of the 95 % reference interval range was per-
formed for the calculation. For 110 nasal discharge samples
of the healthy pigs, the mean concentration value was 0.011,

SD was 0.0026, the cutoff value was 0.016 (cut off = mean +
1.96SD), which meant that when antigen concentration was
greater than 0.016, the sample may be ASFV positive.

Comparison and Practical Application of TRFIA

To confirm the diagnostic accuracy of our assay, we used it to
synchronously test 15 clinical nasal discharge samples with
ASFV positive and 110 nasal discharge samples of the healthy
pigs. As shown in Table 3, the χ2 test showed that the P-value
of the McNemar test was 1.0, and the value obtained with the
kappa test was 0.924 (P < 0.001), which means there was no
statistically significant difference between our developed
TRFIA method and the nucleic acid testing method.

Discussion

ELISA specific for ASFV antigen/antibody are most common-
ly used in the clinical diagnosis of ASF infection [14–16]. But
most of them are qualitative and with narrow detection ranges.
Although the PCRmethod is the gold standard for various types
of virus detection, only a few PCR-based ASF diagnostic as-
says have been previously described for detection and identifi-
cation of ASFV [17, 18]. This may be because the PCRmethod
requires relatively high technical personnel and equipment. At
present, various new methods have been established and ap-
plied in ASF screening. LAMP is an alternative to traditional
PCR, which requires a shorter reaction time, higher specificity
and has a lower cost [19]. James et al. developed a loop-
mediated isothermal amplification (LAMP) assay, and it is a
simple-to-use and inexpensive molecular assay format for ASF
diagnosis. There was good concordance between the LAMP
assay and real-time PCR in clinical samples[20].

TRFIA is a sophisticated detection technique, and has been
widely used in the detection of multiple viruses or their anti-
gens [21, 22]. Compared with ELISA, TRFIA has higher sen-
sitivity and wider measurement range. Schröder and
Kuhlmann found that the use of a TRFIA significantly im-
proved the quantitative detection of tetanus antitoxin over that
of the ELISA technique, and the wide measurement range of

Table 1 Specificity results of this TRFIA method

Interferents Nominal concentration
(ng/mL)

Mean±SD (ng/
mL)

Cross-
reactivity (%)

ASFV 20 19.86±0.34 99.30

TGEV 20 0.035±0.0014 0.18

PRCV 20 0.044±0.0016 0.22

PHEV 20 0.041±0.0015 0.21

H1N1 20 0.036±0.0014 0.18

PCV 20 0.046±0.0017 0.23

Note: TGEV: transmissible gastroenteritis virus, PRCV: porcine respira-
tory coronavirus, PHEV: porcine hemagglutinating encephalomyelitis
virus, H1N1: swine influenza H1N1 virus, PCV: porcine circovirus

Table 2 Accuracy and recovery of the present TRFIA

Theoretical (ng/
mL)

mean±SD (ng/
mL)

CV
(%)

Recovery
(%)

Inter-assay (n=
10)

0.1 0.092±0.011 11.96 92.00

10 9.46±0.52 5.50 94.60

100 103.62±7.42 7.16 103.62

Intra-assay (n=
10)

0.1 0.095±0.010 10.53 95.00

10 9.61±0.50 5.20 96.10

100 102.56±6.40 6.24 102.56

Table 3 χ2 test for diagnostic results of the developed TRFIA assay and
nucleic acid testing method

Nucleic acid testing Total

Positive Negative

TRFIA Positive 14 1 15

Negative 1 109 110

Total 15 110 125
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TRFIA enabled fast examination of large numbers of serum
samples without the need for repetition [23]. In this study, a
novel TRFIAmethodology was developed for the quantitative
determination of ASFV antigen in pigs nasal discharge. The
comparison experiment found its detection performance is
equivalent with LAMP-based kits (Chinese Academy of
Inspection and Quarantine, Beijing, China, No. 11 new veter-
inary drugs). The result shows that TRFIA is a promising
detection method, which has better performance than ELISA
and real-time PCR.

In this study, we developed a high sensitivity, specificity,
and accuracy TRFIA using Eu3+ chelates. The assay was based
on an double-antibody sandwich immunoassay format, and per-
formed in 96-well plates. The sensitivity of this TRFIA is 0.015
ng/mL (dynamic range 0.24–500 ng/mL). There is very low
cross-reaction with 5 interferents. The recovery ranged from
92.00 to 103.62%, the inter-assay CVs ranged from 5.50 to
11.96 %, and the intra-assay CVs was between 5.20 and
10.53 %, which means this TRFIA has high accuracy.
Additionally, we calculated the cutoff values using 110 nasal
discharge samples of the healthy pigs. When antigen concen-
tration ≥ 0.016 ng/mL, the sample (pig) may be ASFV positive.
Compared with the nucleic acid method, χ2 test showed the
detection performance of TRFIA is equivalent. Importantly, the
main advantage of this TRFIA is in quantitative detection (not
just qualitative detection). The cutoff values provide the basis
for qualitative screening, and the drawn standard curve realizes
quantitative detection for ASFV.

In conclusion, we developed a TRFIA method that could
be used for qualitative/quantitative detection of ASFV antigen
in pigs nasal discharge, which has high sensitivity, specificity
and accuracy. TRFIA takes only 45 min to generate results,
and its detection capability comparable to the nucleic acid
detection. Therefore, the kit can be used in the veterinary
services for effective monitoring of ASFV to contain, elimi-
nate and prevent further spread of the disease.
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