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Establishment and application of PDCoV R

antigen-specific DAS-ELISA detection method
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Abstract

Background Porcine deltacoronavirus (PDCoV) is a swine enteropathogenic coronavirus that affects young pigs,
causing vomiting, acute diarrhea, dehydration, and even death. There is growing evidence that PDCoV can undergo
cross-species as well as zoonotic transmissions. Due to the frequent outbreaks of this deadly virus, early detec-

tion is essential for effective prevention and control. Therefore, developing a more convenient and reliable method
for PDCoV detection is the need of the hour.

Results This study utilized a high-affinity monoclonal antibody as the capture antibody and a horseradish peroxi-
dase labeled polyclonal antibody as the detection antibody to develop an enzyme-linked immunosorbent assay
(DAS-ELSA) for PDCoV detection.Both antibodies target the PDCoV nucleocapsid (N) protein. The findings of this
study revealed that DAS-ELISA was highly specific to PDCoV and did not cross-react with other viruses to cause swine
diarrhea. The limit of detection of the virus titer using this method was 10° TCIDs,/mL of PDCoV particles. The results
of a parallel analysis of 239 known pig samples revealed a coincidence rate of 97.07% (k=0.922) using DAS-ELISA

and reverse transcriptase PCR (RT-PCR). The DAS-ELISA was used to measure the one-step growth curve of PDCoV

in LLC-PK cells and the tissue distribution of PDCoV in infected piglets. The study found that the DAS-ELISA was com-
parable in accuracy to the TCIDs, method while measuring the one-step growth curve. Furthermore, the tissue distri-
bution measured by DAS-ELISA was also consistent with the gRT-PCR method.

Conclusion The developed DAS-ELISA method can be conveniently used for the early clinical detection of PDCoV
infection in pigs, and it may also serve as an alternative method for laboratory testing of PDCoV.

Keywords Porcine deltacoronavirus (PDCoV), Nucleocapsid protein, Double antibody sandwich ELISA (DAS-ELISA),
Antigen detection

Background

The existence of porcine deltacoronavirus (PDCoV) has
been reported in several countries, including the United
States, China, Vietnam [1-4]. Belonging to the fam-
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and immunogenicity [10]. The N protein is the first
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protein produced when a coronavirus infects the host.
During viral invasion, it can regulate the immune system
and signal transduction of the host. Thus, the N protein
can be detected in the early phase of virus infection and
is often used as an early diagnostic marker for PDCoV
infection.

Generally, pathogen isolation and PCR can be used
for the detection of PDCoV. However, these methods
have the disadvantages of long time and low sensitivity.
In recent times, several PDCoV detection methods have
been developed. These include TagMan probe-based
multiplex real-time PCRs [11, 12], SYBR green-based
real-time RT-PCR, and multiplex qRT-PCR assay [13,
14]. Due to the instability of RNA samples and possible
contamination with other nucleic acids, these molecu-
lar methods require expensive tools and special han-
dling of RNA samples [15]. Indirect fluorescence assay
(IFA), enzyme-linked [1, 15, 16] immunosorbent assay
(ELISA) and gold immunochromatography assay are the
most commonly used serological methods for detecting
PDCoV [1, 15]. However, the IFA method is not suitable
for detecting a large number of clinical samples at the
same time, and the gold immunochromatography assay
has high cost. In contrast, ELISAs are a cost-effective,
simple, and convenient method of detecting a wide range
of clinical samples.

This study developed a double antibody sandwich
enzyme-linked immunosorbent assay (DAS-ELISA)
for detecting swine PDCoV. The method used mouse-
derived monoclonal antibodies as capture antibodies,
while rabbit-derived polyclonal antibodies (pAbs) labeled
with horseradish peroxidase (HRP) were used as detec-
tion antibodies. Both antibodies exhibited high bind-
ing affinity to the PDCoV N protein. The DAS-ELISA
method reported in this study showed high sensitivity,
specificity, and agreement with RT-PCR for rapid and
reliable detection of PDCoV in swine samples.

Materials and methods

Cells and viruses

LLC-PK cell (cell line CL-101; ATCC) derived from por-
cine kidneys were used to propagate the PDCoV. The
cells were cultured in Modified Eagle’s Medium (MEM)
supplemented with 5% fetal bovine serum (FBS), 1% anti-
biotic—antimycotic solution, 1% nonessential amino acids
(NEAA), and 1% HEPES. The cell cultures were grown in
a 5% CO, incubator at 37 °C.

The following viruses were obtained from the Key
Laboratory for Animal-derived Food Safety of Henan
Province (Zheng Zhou, China): PDCoV HNZK-02
(GenBank:MH708123.1), transmissible gastroenteri-
tis virus (TGEV), porcine sapelovirus (PSV), Porcine
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epidemic diarrhea virus (PEDV), porcine parvovirus
(PPV), and Mammalian Orthoreovirus (MRV).

Sample collection and processing

Between 2018 and 2022, 239 clinical swine diarrhea
samples (containing blood, intestinal content, intesti-
nal tissue, and feces) were randomly collected from the
pig farms in Henan Province. The blood samples were
collected in 10mL anticoagulant tubes (Osset, Shan-
Dong, China) and centrifuged at 3500x g for 15 min at
4 °C. The intestinal content or feces were added to Dul-
becco’s Modified Eagle’s Medium (DMEM, Gibco, USA)
in a ratio of 1:1 by volume. The intestinal tissue was cut
into segments with scissors and mixed with DMEM in a
ratio of 1g tissue to 9ml DMEM. After complete crush-
ing and mixing, the samples were centrifuged at 3500 x g
for 15 min at 4 °C. And then, only the supernatant was
collected.

Negative and positive controls for the DAS-ELISA

For the DAS-ELISA experiments, a mock-infected LLC-
PK cell line served as the negative control, while PDCoV-
infected LLC-PK cells served as the positive control.
LLC-PK cells were cultured in 6-well plates until they
were 80—90% confluent. A multiplicity of infection (MOI)
of 0.1 was used to inoculate the PDCoV. After adsorption
for 1h, 2 mL of the culture medium was supplemented
with 5 mg/mL of trypsin and added to each well. Next,
the samples were incubated incubated at 37 °C in 5% CO,
until a cytopathic effect (CPE) was observed. The plates
were frozen at -80 °C. The virus titer was detected by the
TCIDs, method after thawing the plates twice [16].

Indirectimmunofluorescence assay (IFA)

24 h post-PDCoV infection, the cells were washed twice
with phosphate-buffered saline (PBS, Solarbio, Beijing,
China) fixed with anhydrous ethanol (Merck, Darmstadt,
Germany). After washing, the fixed cells were blocked
with 5% (w/v) bovine serum albumin (BSA, Sigma, USA)
in PBS for 2 h. Subsequently, the cells were incubated for
1h with an in-house generated PDCoV polyclonal anti-
body diluted in a ratio of 1:100. The PDCoV polyclonal
antibody was derived from the serum of a healthy piglet
that was infected with PDCoV. Next, the cells were incu-
bated for 1h with a fluorescent-labeled polyclonal goat
anti-pig IgG antibody (Sigma, Burlington, MA, USA,
1:1000 dilution) for 1 h. This was followed by counter-
staining with DAPI (Sigma, Burlington, MA, USA) for 10
min. Finally, the culture plate was observed under a fluo-
rescence microscope (Zeiss, Oberkochen, Germany).
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Western Blot

After 24 h of PDCoV infection, the LLC-PK cell samples
were lysed with Western blot (WB) and Radio Immuno-
precipitation Assay Lysis buffers (RIPA) (Solarbio, China).
The proteins were loaded on SDS-PAGE and transferred
to PVDF membranes (Millipore, USA) using a Trans-Blot
Electrophoretic Transfer Cell (Bio-Rad, USA). Post-trans-
fer, the membranes were blocked with 5% skim milk (Bio-
Froxx, Germany) and incubated overnight at 4°C with the
following antibodies: HRP-goat anti-rabbit IgG (H+L)
(Sigma, Burlington, MA, USA) or HRP-goat anti-mouse
IgG (H+L) (Sigma, Burlington, MA, USA). Finally, the
protein bands were visualized using the ChemiDoc " MP
Imaging System (Bio-Rad, USA).

Preparation of monoclonal capture antibody

and polyclonal detection antibody against PDCoV N
protein

This research group had previously prepared and puri-
fied PDCoV N protein [17] in an attempt to produce
the mouse monoclonal antibody (mAb-N) and rab-
bit polyclonal antibody (pAb-N). The preparation and
purification of PDCoV mAb-N were performed accord-
ing to previously published protocols [18]. The purified
PDCoV-N protein was used to immunize rabbits thrice to
induce the production of polyclonal antibodies (pAb-N).
When the antibody levels in the blood increased, blood
samples were collected from the ear vein. The collected
blood sample was centrifuged at 3000x g for 10 min to
separate the serum. Next, the octanoic acid-ammonium
sulfate precipitation method was utilized to purify the
PAb-N from the serum. After purification, the PAb-N
was labeled with horseradish peroxidase (HRP) via the
sodium periodate method [19, 20]. The prepared anti-
bodies were characterized by their binding to PDCoV N
protein in WB. A NanoDrop 2000C spectrophotometer
(Thermo Scientific, Germany) was used to determine the
concentration of the PDCoV mAb-N. With rPDCoV-N as
the coating antigen, the PDCoV pAb-N titer was tested
against PDCoV N protein by indirect ELISA.

Optimization of DAS-ELISA

The DAS-ELISA was optimized by adjusting each con-
dition individually. The optimal concentrations of the
capture antibody mAb-N and the HRP-labeled detec-
tion antibody pAb-N were determined using check-
erboard titrations. The type and concentration of the
blocking solution, sample incubation time, HRP-labeled
pAb-N, and the single-component Substrate solution
(TMB) were also optimized. The coating concentration
of mAb-N was tested between 0.125 to 4ug/mL (two-
fold serial dilutions). The dilution ratio of pAb-N was

Page 3 of 9

examined between 1:1000 to 1:32,000 (two-fold serial
dilutions). Four blocking solutions of bovine serum albu-
min (BSA), casein buffer, skim milk, and calf serum were
tested with three different concentrations (1%, 2.5%, and
5%). The incubation time for the sample and HRP-labeled
pAb-N was tested from 0.5 to 2h, while TMB was tested
from 5 to 30 min.

Determination of the cut-off value of DAS-ELISA

50 PDCoV-negative swine samples (feces, tissue, and
intestine contents) were tested with DAS-ELISA. The
critical value was calculated by the following relation:
X+ 3SD, where x represents the mean value of OD,;, of
50 negative samples, and 3 SD represents three standard
deviations.

Assessment of sensitivity, specificity, reproducibility,

and stability of DAS-ELISA

PDCoV-positive samples with known virus titers
(10’TCID;y/mL) were used to determine the analytical
sensitivity of the DAS-ELISA. The samples were diluted
tenfold (from 107 TCIDsy/mL to 10° TCIDs,/mL) and
tested with DAS-ELISA. The cut-off value was used to
determine the detection limit was determined.

The analytical specificity of DAS-ELISA was evaluated
with PDCoV positive and negative samples. The follow-
ing swine diarrhea causing viruses were selected for anal-
ysis: PEDV, TGEV, PPV, PSV, and MRV.

Different batches of the same negative and posi-
tive samples were tested simultaneously to examine the
reproducibility of the DAS-ELISA. The coefficient of
variation (CV) was used to determine the reproducibil-
ity of the intra-batch and inter-batch. CV was calculated
using the following relation: (SD/x) X 100%. All tests were
repeated thrice.

This research group developed a DAS-ELISA kit based
on optimized conditions and materials. The stability of
the kit was determined by storing the DAS-ELISA Kkits at
4 °Cand 37 °C for 0.5, 1, 6, 12, and 18 months. The same
negative and positive PDCoV samples were measured
with the kit after every time point.

Comparison of DAS-ELISA and RT-PCR for PDCoV detection
The accuracy of the DAS-ELISA kit was evaluated by
measuring 239 clinical swine diarrhea samples. The
results were compared with those obtained by measur-
ing the same samples with the RT-PCR method [15]. RT-
PCR specific primers were designed based on the swine
PDCoV N gene sequence. The concordance rate and
Kappa values(k) were utilized to determine the correla-
tion between DAS-ELISA and RT-PCR [1, 21].
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Generation of the one-step growth curve of PDCoV infection
in LLC-PK cells using DAS-ELISA

The DAS-ELISA kit was used to determine the one-
step growth curve of PDCoV on LLC-PK cells. In 6-well
plates, 90% confluent LLC-PK cells were inoculated with
PDCoV at a MOI of 0.1. After 1 h of adsorption, the cells
were washed thrice with PBS. This was followed by add-
ing 2 mL MEM to each well. The plates were cultured in
an incubator at 37 °C and 5% CO,. The supernatant and
cell mixtures were collected at 6, 12, 18, 24, 36, 48 and
72 h post PDCoV infection. The virus titers were detected
in these samples at different time points simultaneously
using the DAS-ELISA and TCID;, assay, leading to the
generation of the one-step growth curve of PDCoV infec-
tion on LLC-PK cells.

Analysis of tissue distribution of PDCoV in infected piglets

by DAS-ELISA

The sample tissues were obtained from one week old
PDCoV infected piglets. The piglets were humanely euth-
anized via intramuscular administration of Ketamine at
dosages of 4—6 mg/kg prior to undergoing postmortem
examination. The tissues were collected from the heart,
liver, spleen, lungs, kidneys, duodenum, jejunum, ileum,
cecum, colon, rectum, mesenteric lymph nodes, and sub-
mandibular lymph nodes. 0.1g of each tissue was ground
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B Anti-PDCoV
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DAPI

o - -

Page 4 of 9

and diluted five-fold with DMEM. The sample mixture
was centrifuged at 3000 g for 10 min at 4 °C. After cen-
trifugation, the supernatant was collected as a sample.
Next, the samples were analyzed by DAS-ELISA to deter-
mine the tissue distribution of PDCoV in infected piglets.

Results

Phenotype of PDCoV-infected LLC-PK cells

As shown in Fig. 1A, the LLC-PK cells appeared enlarged
and rounded with densely packed granules follow-
ing infection with PDCoV (Fig. 1A). Around 80% of the
infected cells showed typical CPE after 24 h of PDCoV
infection. At this point, the cells were collected and ana-
lyzed by IFA. As shown in Fig. 1B, the images revealed
that the infected samples exhibited a strong green
fluorescence.

Identification of anti-PDCoV N protein antibodies

The high-affinity monoclonal antibodies collected from
mice were used as the capture antibody, while the poly-
clonal antibodies collected from rabbit serum and aged
with HRP were used as the detection antibody. The purity
of the antibodies and the antiserum titer of antibodies
were determined by Western Blot and indirect ELISA,
respectively. Both purified antibodies bound PDCoV N
protein specifically, as indicated by a single 37KD band in

PDCoV

R

Anti-PDCoV+DAPI

Fig. 1 Phenotype of the PDCoV infected LLC-PK cells. A Mock-infected LLC-PK cells (left) and cytopathic effect of LLC-PK cells infected with PDCoV

strain HNZK-02 (right). B PDCoV detection in infected LLC-PK cells by IFA
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Fig. 2A and B. The mAb-N concentration (2mg/mL) was
measured by a NanoDrop 2000C spectrophotometer; The
pAD-N titers against the PDCoV N protein were 1:64,000.

Optimization and development of DAS-ELISA

As shown in Table 1, the results of the checkerboard
titration revealed that the P/N value was the highest
when the mAb-N dilution was 1pug/mL and the pAb-N
dilution was 1:8000. Thus, these concentrations were
selected for DAS-ELISA.

Screening various blocking solutions revealed that
blocking by BSA had a higher P/N value compared to
other blocking agents. Furthermore, 1% and 2.5% BSA
showed similar blocking effects, while 5% BSA showed
a slightly higher P/N value (Fig. 3A). Thus, 1% BSA was
selected as the blocking buffer for the subsequent experi-
ments to reduce the cost of DAS-ELISA.

A

M 1 2
75KD W
60KD
45KD I
35KD
25KD s
15KD
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The optimal binding time of PDCoV antigen and anti-
body detection were evaluated under the abovemen-
tioned conditions. The results revealed that the P/N value
gradually decreased with an increase in the antigen incu-
bation time (0.5-2h) due to a rise in background noise
(Fig. 3B). Therefore, an antigen incubation time of 45 min
was selected. As shown in Fig. 3c, the highest P/N value
was observed at a detection antibody incubation time of
45 min. Finally, the effect of the TMB reaction time (10—
30 min) revealed that the P/N ratio was the highest at 10
min (Fig. 3D).

Determination of cut-off value for the DAS-ELISA

The cut-off value for DAS-ELISA was determined using
50 PDCoV negative samples with a mean of 0.170 and
a standard deviation (SD) of 0.084. The cut-off value of
PDCoV detection was 0.196 using the formula+3SD.

B M 1 2

75KD
60KD s -

45KD
35KD s ’

25KD
15KD

| §

Fig. 2 Identification of mAb-N and pAb-N. A Western Blot showing the specific binding of rabbit mAb-N with PDCoV N protein. (M: Marker; Lane
1: Protein sample from mock LLC-PK cells; Lane 2: Protein sample from LLC-PK cells infected with PDCoV). B Western Blot showing the specific
binding of mouse pAb-N with PDCoV N protein. (M: Marker; Lane 1: Protein sample from mock LLC-PK cells; Lane 2: Protein sample from LLC-PK cells

infected with PDCoV)

Table 1 Determination of the optimum working concentration of mAb-N and pAb-N

P/N value mAb
4ug/mL 2ug/mL Tpg/mL 0.5pug/mL 0.25pg/mL 0.125ng/mL

pAb 1:1000 3.05/0.296 3.063/0.261 2.909/0.247 1.706/0.157 0.836/0.212 0.59/0.193
1:2000 2.935/0.207 2.772/0.175 2.952/0.158 1.471/0.092 0.744/0.121 0.381/0.119
1:4000 2.769/0.139 2.669/0.123 2.631/0.11 1.306/0.08 0.53/0.092 0.245/0.085
1:8000 2.342/0.107 2.302/0.103 2.368/0.09 1.021/0.071 0.36/0.08 0.196/0.094
1:16000 1.895/0.091 1.761/0.084 1.881/0.07 0.896/0.071 0.237/0057 0.134/0.067
1:32000 1.297/0.080 1.272/0.074 1.289/0.061 0.51/0.065 0.167/0.054 0.1/0.0580
1:64000 0.962/0.091 0.874/0.083 0.843/0.069 0.42/0.082 0.118/0.059 0.102/0.058
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Therefore, the sample was considered PDCoV positive  Table 2 Reproducibility of DAS-ELISA

when its OD,;, absorbance > 0.196. Samples Intra-batch inter-batch
X+SD CV (%) X+SD CV (%)
Sensitivity, specificity, reproducibility, and stability PC 272940036  273% 27740035 3.06%
of the DAS-ELISA 270140016 127% 2760097  777%
In order to evaluate the sensitivity of the DAS-ELISA, 57640076 5.08% 37940059 482%
a PDCoV-positive sample with a known virus titer of 0.096-+0.004 4% 012740006 4.8%
10" TCID5,/mL was diluted by tenfold dilution, from 009540008  0.8% 012440004  3.36%
107 TCIDgy/mL to 10° TCID,,/mL. These samples were 011240002 250 013840001 134%

then detected by DAS-ELISA. As shown in Fig. 4A, the
minimum detection limit of the DAS-ELISA assay was
determined to be 10° TCID50/mL. Subsequently, the
reproducibility of the DAS-ELISA assay was investigated

ing 3 PDCoV it d3 ti trol -
using oY positve an negative contro’ sam The specificity of the DAS-ELISA method was evalu-
ples. The results revealed that the ratio of intra-batch . ; : ) .
ated by testing other swine diarrhea causing viruses,

to inter-batch variation was in the range of 0.8% to 6%.
Furthermore, the coefficient of variation was less than such as TGEV, PEDV, PSV, PPV, and MRV. The results

7% (Table 2), indicating that the DAS-ELISA had high
reproducibility.
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revealed that the DAS-ELISA reacted only with PDCoV.
There was no cross-reactivity with other viruses tested,
suggesting that the DAS-ELISA was highly specific to
PDCoV (Fig. 4B).

The stability of DAS-ELISA was evaluated by stor-
ing at 4 °C and 37 °C for 14 days, 21 days, as well as 1,
6, 12, and 18 months before detecting the same PDCoV
positive and negative samples. As shown in Fig. 4c, even
after being stored for 18 months, there was no significant
decrease in the absorbance at 4 °C. However, when the
DAS-ELISA was stored at 37 °C, the absorbance declined
significantly with an increase in storage time (Fig. 4C).

Comparison between DAS-ELISA and RT-PCR on PDCoV
detection

The study analyzed 239 clinical samples to determine
the consistency between DAS-ELISA and RT-PCR. The
results showed that 56 out of the 63 samples that tested
positive for RT-PCR also tested positive for DAS-ELISA.
Furthermore, 173 out of the 183 samples that tested
negative for DAS-ELISA also tested negative for RT-
PCR. Thus, the positive consistency rate between the
two methods was 88.89% (56/63), while the negative con-
sistency rate was 96.17% (176/183). Overall, both DAS-
ELISA and RT-PCR show a consistency rate of 97.07%
(232/239, k=0.922) (Table 3).

Application of DAS-ELISA

The one-step growth curve of PDCoV on LLC-PK cells
at different time points was determined by TCID;, and
DAS-ELISA. The DAS-ELISA results revealed that the
virus content reached its peak value 24—36h after infec-
tion and then declined significantly, consistent with the
TCIDjg, detection results (Fig. 5A and B).

The DAS-ELISA was also used to analyze the tissue
distribution of PDCoV in infected piglets. The results
revealed that the virus could be detected in piglets
infected with PDCoV in their tissues. The ileum had
the highest virus content, followed by the jejunum and
spleen (Fig. 5C). Furthermore, the distribution pattern of
the virus determined by DAS-ELISA was consistent with
previous reports that used qRT-PCR for detection [21].

Table 3 Comparison of DAS-ELISA and RT-PCR on PDCoV
detection

Samples RT-PCR Consistency
Positive Negative Total
DAS-ELISA  Positive 56 0 56 88.89%
Negative 7 176 183 96.17%
Total 63 176 239 97.07 % (k=0.922)

Page 7 of 9

The results reconfirmed the virus showed a wide tissue
tropism.

Discussion

The PDCoV is a novel enteric coronavirus that can be
transmitted from pigs to humans, posing a significant
threat to global health. Since the first outbreak in 2014,
PDCoV has caused several outbreaks, endangering the
swine industry worldwide [22, 23]. Early and rapid detec-
tion of PDCoV infection is essential for controlling the
spread of the disease due to the absence of effective drugs
and vaccines in the market.

The current clinical diagnosis of PDCoV mainly relies
on laboratory tests. These test methods are costly, time-
consuming procedures. They also require complex
instruments and/or special reagents, restricting their use
in clinical practice. Consequently, a simple and inexpen-
sive method to detect PDCoV is the need of the hour.
DAS-ELISA is a low cost, sensitive and accurate sero-
logical detection method. It has been used in veterinary
medicine in recent years. Several studies using DAS-
ELISA for virus detection have been reported. Such as
porcine circovirus type 2 (PCV2) [24], PEDV and swine
acute diarrhea syndrome coronavirus (SADS-CoV) [25,
26]. These results demonstrate the reliability of DAS-
ELISA again, simple operation and high specifcity and
sensitivity. The technique was verified in clinical samples.
Therefore, a DAS-ELISA method was developed for sim-
ple and reliable detection of PDCoV in this study.

The N protein is highly immunogenic, conserved, and
expressed during early viral infection, making it an ideal
antigen for diagnosing PDCoV infection. Hence, mono-
clonal and polyclonal antibodies (mAbs and pAbs) that
specifically target the PDCoV N protein were constructed
and purified using the N protein from strain HNZK-02 as
the immunogen. SDS-PAGE and Western blotting analy-
sis revealed both mAbs and pAbs bind the PDCoV N pro-
tein with >90% purity.

This study examined 239 clinical feces and intesti-
nal samples using DAS-ELISA and RT-PCR. The results
revealed that 56 of the 63 samples (88.9%) that were RT-
PCR positive were also DAS-ELISA positive. Meanwhile,
176 out of the 183 samples (96.2%) that tested negative
for DAS-ELISA were also negative for RT-PCR. Thus,
although DAS-ELISA is less sensitive than RT-PCR, the
former is still the best alternative for PDCoV detection
because of its simplicity, cost-effectiveness, and high
consistency.

DAS-ELISA has been reported to be more sensitive
and specific than indirect ELISA, particularly when it
comes to detecting antigens in blood and oral swabs,
where indirect ELISA has been found to be less sensi-
tive [27, 28]. The DAS-ELISA can accurately quantify
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the antigen at the viral content level and is easy to
operate [29]. The findings of this study demonstrated
that the established DAS-ELISA can effectively detect
PDCoV, providing a reliable, specific, and sensitive way
to assess the presence of the virus.

In summary, the DAS-ELISA developed in this study
has demonstrated high sensitivity, specificity, repro-
ducibility, and stability, making it a simple and reli-
able method for detecting PDCoV in swine samples.
Furthermore, the DAS-ELISA offers a rapid and cost-
effective test for PDCoV detection, benefiting the swine
industry by enabling close monitoring and control of
PDCoV infections in pigs. Therefore, the commercial
development of DAS-ELISA is crucial to facilitate the
first ELISA-based PDCoV antigen detection.
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