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Abstract African swine fever virus (ASFV), a highly

contagious virus, can cause diseases with high mortality

rates in pigs, making it a pathogen of social and economic

significance. ASFV has been reported to show potential

long-term survival in living livestock, such as pigs, but also

in leftover cooking meat and undercooked pork meat.

Hence, it is possible that there could be direct reinfection or

secondary infection through feed produced from household

food waste and treatment facilities. Many polymerase chain

reaction (PCR)-based molecular diagnostic techniques to

detect ASFV in clinical swine samples have been reported.

However, those with applicability for food waste samples,

which contain relatively low viral copy numbers and may

contain various unknown inhibitors of PCR, are still lack-

ing. In this study, we developed a conventional PCR-based

diagnostic system that can detect ASFV with high

sensitivity from food waste sample types. The technique

shows a 10–100 times higher limit of detection compared

to that of previously reported methods based on conven-

tional PCR and quantitative real-time PCR. It is also cap-

able of amplifying a sequence that is approximately 751

nucleotides, which is advantageous for similarity analysis

and genotyping. Moreover, a ASFV-modified positive

material different from ASFV that could synthesize 1400

nucleotide amplicons was developed to identify false-pos-

itive cases and thus enhance diagnostic accuracy. The

method developed herein may be applicable for future

ASFV monitoring, identification, and genotyping in

food waste samples.

Keywords African swine fever virus (ASFV) � ASFV-
modified positive material � ASFV monitoring � Food
waste � Genotyping

Introduction

African swine fever virus (ASFV) is a highly contagious

virus that infects wild and domestic pigs. Diseases caused

by ASFV have a substantially high mortality rate [1].

Vaccines and treatments for ASFV have not yet been

developed and consequently, if ASFV is detected in any

country, it must be immediately reported to the World

Organization for Animal Health (OIE), and the country

may be required to take measures, such as halting all pig-

related international trade. This creates a threat for the pork

industry and the stability of food supply, making ASFV a

socially and economically significant pathogen [2]. Previ-

ous research on ASFV has covered topics such as its

evolution and taxonomy, diagnosis, outbreaks, epidemiol-

ogy, vaccines, and control. Diagnostic research has
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specifically focused on the monitoring of clinical swine

samples [3–9]. However, as the potential for the long-term

survival of ASFV in leftover meat and undercooked pork

meat has now been recognized [10], the risk of secondary

infection from household or treatment facility food waste

and livestock feed reproduced from such food waste has

been acknowledged [1, 2]. The African swine fever risk

reminder from England recommends not feeding kitchen or

catering waste to pigs. South Korea has also taken mea-

sures such as the amendment to the Enforcement Decree of

the Waste Control Act to limit the feeding of food waste

after direct treatments in pig farms, and the limitation of

food waste-based feed for pigs. Preemptive monitoring of

ASFV in food wastes from households, cafeterias, animal

feed, and manure treatment facilities remains warranted

[2, 11]. ASFV is generally diagnosed using polymerase

chain reaction (PCR)-based molecular methods, but these

techniques have been primarily developed to monitor

clinical swine samples [6, 9, 12–14]. However, a relatively

low viral copy number is expected in environmental sam-

ples, such as food waste, compared to that in clinical pig

samples. Furthermore, a high level of sensitivity is required

to detect pathogens from the unknown PCR inhibitors

included in the total DNA, but to the best of our knowl-

edge, no previous study has compared the different

molecular diagnostic technologies for monitoring ASFV in

food waste. Most recently, quantitative real-time PCR

(qPCR) methods with various reagents (such as SYBR

Green, lyophilized powder, and/or endogenous internal

control) or newly targeted genes (A137R, B646L [p72],

MGF360-505R, and/or CD2v genes) for the detection of

ASFV have been developed [15–18]. However, conven-

tional PCR is still used frequently, because it can amplify

relatively longer DNA fragments when compared to qPCR

and the amplicons can be used for sequencing to allow for

follow-up similarity and genotyping analyses. Moreover,

PCR primers and Taq polymerase are inexpensive and have

a large user base, which make them appropriate for stan-

dard test methods [19]. Therefore, the Korea Ministry of

Agriculture, Food and Rural Affairs and the Ministry of

Environment both use conventional PCR techniques with

qPCR for the diagnosis of ASFV. To ensure their accuracy

and reliability, PCR tests require positive controls. In

general, for molecular biology-based tests, a device to

check for positive control contamination must be included

[19, 20]. The positive controls used in the conventional

PCR-based ASFV detection methods however, are based

on synthesized plasmid DNA and consequently, the partial

sequences of some genes and the false-positives caused by

the positive control cannot be identified. This study aimed

to develop a diagnostic system that can detect ASFV in

food waste samples with a high sensitivity and allow for

the results to be compared with previously reported PCR

primer sets for ASFV detection and performance in sam-

ples. In addition, an ASFV-modified positive material has

been developed to detect false positives, thereby creating a

diagnostic system that can detect ASFV-specific genes in

food waste samples.

Material and Methods

Design of Specific PCR Primers and Nucleic Acid

Collection

To design ASFV-specific primers, 54 ASFV isolates,

including ASFV isolate HBNH-2019 (National Center for

Biotechnology Information [NCBI] accession number

MN207061.1), reference viruses (porcine circovirus 2

[PCV2; NC_005148], porcine parvovirus [PPV;

NC_001718], and pseudorabies virus [PrV; NC_006151])

sequences were collected from the NCBI. The DNAMAN

software package (version 6.0; Lynnon Biosoft, Quebec,

Canada) was used to select the primers with 51–59 �C
(optimum, 55 �C) Tm values from the ASFV isolate

HBNH-2019 P72–73 partial gene sequence. The candidate

PCR primers that did not show potential hairpin structures

and self-annealing in Oligo Calculator version 3.27 were

selected [19, 21]. BioEdit version 7.2.6 was used for

multiple sequence alignment of the candidate PCR primers

with collected reference sequences. The candidate PCR

primers were modified using the nucleotide letter code to

be compatible with the sequences of the 54 ASFV isolates

(Table 1). The ASFV P72–73 gene partial sequence (1,941

nucleotides [nt]), PCV2 (NC_005148 [1034–1283, and 250

nt]), PPV (NC_001718 [2387–2636, and 250 nt]), and PrV

(NC_006151 [66,781–67,030, and 250 nt]) were synthe-

sized by Marcrogen Co. Ltd. (Seoul, Korea) and inserted

into the pUC57 vector that has the restriction sites of EcoRI

(50-GAATTC-30) and HindIII (50-AAGCTT-30).

Selection of ASFV-Specific PCR Primer Sets

Candidate PCR primer sets were combined and expected to

produce amplicons 300–800 nt in length. The specific

reactions of the candidate PCR primer sets were confirmed

using the ASFV plasmid 10–3 (1 pg/lL). Candidate PCR

primer sets showed the expected PCR product sizes

(400–800 nt) based on the amplification strength and

region of amplification, which were tested with the three

reference viruses. If products showed non-specific reac-

tions or had low reproducibility for positive reactions, they

were excluded. A sensitivity test was performed on selec-

ted PCR primer sets that demonstrated specific reactions to

ASFV. The ASFV plasmid (1 ng/lL) was diluted ten-fold

to 10–9 (1 ag/lL), and 10–4–10–9 was used for the
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sensitivity test. For the PCR primer sets that showed the

most outstanding detection sensitivity, amplification

strength for the sensitivity of end-point and the size of the

PCR products were analyzed to select the final PCR pri-

mer set. The PCR mixture was as follows: 10 lL of

AccuPower� HotStart PCR PreMix (Bioneer, Korea),

2 lL of candidate PCR primer (forward and reverse pri-

mer [25 pmol 1 lL, each]), 7 lL of nucleic acid-free

water, and 1 lL of template. PCR conditions were as

follows: denaturation (95 �C, 5 min); 35 cycles of 95 �C
for 30 s, 55 �C for 30 s, and 72 �C for 60 s; and a final

extension (72 �C, 5 min).

Sample and Artificial Infection Test

Twenty pork meat-based food waste samples were col-

lected from intermediate processing, biogas, and com-

posting treatment facilities and stored in a deep freezer in

the laboratory. For each sample, 1 g of sample and 7 mL

of phosphate buffered saline were mixed with 15 mL of

the Homogenize Kit buffer (Innogenetech, Korea), and

ground for 40 s at 6 m/s using the MP FastPrep� 24 (MP

Biomedicals, USA) [21]. Total DNA was extracted from

140 lL of the ground solution using the QIAamp� DNA

Mini kit (Qiagen, Germany), according to the manufac-

turer’s instructions. The concentration and purity of

extracted DNA was examined using a DS-11 Spec-

trophotometer (DeNOVIX, USA). The developed ASFV

PCR primer set was used to detect ASFV in the extracted

DNA. Moreover, when all samples were found to be

negative, artificial infection and sensitivity were analyzed

to test the performance of the ASFV PCR primer sets and

to verify the effects of unknown PCR inhibitors. DNA

(600 lL) was extracted from one pork sample using the

same extraction kit and method and used as a dilution

solvent. Then, 45 lL of the dilution solvent and 5 lL of

the ASFV plasmid (1 ng/lL) were mixed to form 10–1

artificially infected DNA, which was ten-fold serially

diluted to 10–8 (10 ag/lL). The artificially infected DNA

was used to analyze the performance and sensitivity of the

developed PCR primer sets for ASFV detection in the

samples.

Comparison of Reference PCR Primer Sets

for the Detection of ASFV

Weber et al. [6] conducted a comparative experiment on

five conventional PCR primer sets that could detect ASFV

(Table 1). Specific reactions with the ASFV plasmid, non-

specific reactions with the three reference viruses, detec-

tion of ASFV in 20 DNA samples from food waste sam-

ples, and sensitivity from artificial infections were all

analyzed. All templates were identical to those used in theT
a
b
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test for the developed PCR primer sets, and AccuPower�
HotStart PCR PreMix (Bioneer) and SimpliAmp Thermal

Cycler (Applied Biosystems, USA) were used. The PCR

conditions used were as previously described [6, 9, 12–14].

Design and Test of Positive Control Equipped

with False-Positive Checking Device

To identify the false positives caused by contamination

from the positive control and enhance the accuracy of the

diagnostic test, a positive control was designed with a

modified sequence. Porcine epidemic diarrhea virus

(PEDV; NC_003436.1:26,374–27,699; 1,326 nt) sequences

were inserted such that the conventional PCR primer set

developed in this study for ASFV detection could amplify

products of different sizes; the EcoRV restriction enzyme

site (50-CATATC-30) was included in the PEDV sequence

for treatment of the PCR product with EcoRV (Enzy-

nomics, Korea). The reaction of the developed PCR primer

set with ASFV-modified positive control would produce

PCR products of approximately 1,400 nt, which is different

in size than ASFV. When this PCR product is treated with

the EcoRV for digestion, it produces two bands

(500 ? 900 nt in size). Conditions of restriction enzyme

treatment were as follows: 5 lL of the PCR product, 2 lL
of 10X EzBuffer III, 1 lL of EcoRV (Enzynomics, Korea),

and 12 lL of sterile water were mixed and incubated at 37

�C for 1 h. The reaction product was mixed with 6X

loading dye and electrophoresed on a 2% agarose gel. The

results were examined using a gel documentation system.

Validation

The developed PCR method was validated by focusing on

reproducibility: three different researchers conducted the

experiment on 3 different days, according to the 2010

report of the National Institute of Food and Drug Safety

Evaluation in Republic of Korea [22]. A sensitivity test was

conducted using samples of ASFV plasmid 10–3 (1 pg/

lL)–10–8 (10 ag/lL) with artificial infections, and an

analytical quality control (AQC) test was performed using

10 samples (four positives [ASFV concentration of 100 fg/

lL, 10 fg/lL, 1 fg/lL, and 100 ag/lL] and six negatives)

that were randomly produced.

Results and Discussion

Design of Specific PCR Primers and the Selection

of an ASFV Specific PCR Primer Set

Sixteen candidate PCR primers (eight forward and eight

reverse) that were expected to show specific annealing to

ASFV DNA were constructed. In total, 29 candidate PCR

primer sets were combined and were expected to produce

300–800 nt amplicons from the ASFV DNA (Table 1). In

the results of the specificity test, 28 of the 29 combinations

showed the expected band sizes, and eight candidate PCR

primer sets were selected based on amplification strength,

product size, and region of amplification (Fig. 1A). No

non-specific reactions were found in the eight candidate

PCR primer sets for PCV2, PPV2, and PrV. However,

different-sized bands and weak amplicons were found in

the positive reaction with ASFV for PCR primer set #13

and #27, respectively; therefore, they were excluded from

further experiments (Fig. 1B). As a result of the sensitivity

analysis for the six candidate PCR primer sets that were

confirmed for specific and non-specific reactions, the sen-

sitivity of PCR primer sets #1, #5, and #18 was 10–6 (1 fg/

lL), while that for #7, #9, and #23 was 10–7 (100 ag/lL).
Of these, PCR primer set #9 (ASFV_634F and

ASFV_1384R, 751 nt) was selected because of its ampli-

con size and outstanding reaction strength at 10–7 (100 ag/

lL; Fig. 1C). To confirm the applicability of PCR primer

set #9 for food waste samples, the ASFV in 20 total DNA

samples was analyzed, and all results were negative

(Fig. 2A). Artificial infection tests were consequently

conducted, demonstrating the sensitivity to be 10–7 (100

ag/lL) for the total DNA extracted from the sample

(Fig. 2B). Therefore, it was validated for application in

food waste samples.

Comparison of Reference PCR Primer Sets

for the Detection of ASFV

The sensitivity of five conventional PCR primer sets that

detect ASFV, including that of Weber et al. [6], were tested

for specific and non-specific reactions with food waste

samples and artificial infection solutions. The results

showed specific reactions with the ASFV plasmid for all

five conventional PCR primer sets, and no non-specific

reactions were observed with the DNA of the three refer-

ence viruses. The results for total DNA extracted from the

food waste samples were all negative, but multiple non-

specific reactions appeared in reference method #2; thus,

the result could not be interpreted. There was also a weak

non-specific reaction observed for reference method #3 in

the total DNA extracted from the multiple samples.

Moreover, the sensitivity for five conventional PCR primer

sets with the artificial infection solution was 10–5 (10 fg/

lL) for reference method #1 and 10–6 (1 fg/lL) for

methods #2, #3, #4, and #5. In addition, a non-specific

reaction was observed in reference method #2 (Fig. 3). The

PCR amplicon size and the reaction time for each of the

five reference methods were as follows: 257 nt and 77 min

for #1; 479 nt and 100 min for #2; 256 nt and 100 min for
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#3; 310 nt and 70 min for #4; and 243 nt and 70 min for

#5, respectively. Among the five reference methods,

method #4 was selected for comparison with the developed

method because of its high sensitivity in the artificial

infection solution with no non-specific reaction to the

ASFV-specific reference virus gene and samples. The

developed PCR method in this study reacted for 80 min,

which is approximately 10 min slower than reference

method #4. However, the detection limit in the artificial

infection solution was 10–7 (100 ag/lL), which was an

improvement of approximately 10 times compared to that

of the reference method #4. Thus, the developed method

could detect ASFV with high sensitivity in food waste

samples that may contain PCR inhibitors and fewer copies

of targets compared to that of clinical samples. Moreover,

the developed method produces 751 nt amplicons, making

it more favorable for sequencing, similarity analysis, and

genotyping after detection, compared to the shorter 310 nt

amplicon formed by reference method #4 (Fig. 3).

Design and Test of Positive Control Equipped

with False-Positive Checking Device

This study developed an ASFV-modified positive material

to ensure the accuracy and reliability of the test results. The

ASFV primer set #9 can amplify a 751 nt sequence from

actual ASFV. However, this primer amplified 1,400 nt

sequences in the ASFV-modified positive material. When

this PCR product was treated with EcoRV, two bands of

500 ? 900 nt were identified (Fig. 4 and Supplementary

Fig. S1), which enabled the detection of false positives for

ASFV diagnosis through gel electrophoresis after PCR. In

addition, it can also be used to assess laboratory contami-

nation or to troubleshoot by treatment of the amplified

product with EcoRV or sequencing for identification using

an NCBI basic local alignment search tool (BLAST).

Validation of the ASFV PCR Diagnostic System

The ASFV conventional PCR diagnostic system developed

in this investigation was validated by researchers to show

its reproducibility, wherein the sensitivity using the artifi-

cial infection test was found to be 10–7 (100 ag/lL); the
AQC for 10 samples was 90% (infected sample with ASFV

plasmid 100 ag/lL was not detected) for Researcher 1 and

100% for Researchers 2 and 3 (Fig. 5). PCR analysis was

validated based on linearity, accuracy, precision, limit of

detection (LOD), and specificity. For linearity, the corre-

lation coefficient, y-axis, the slope of the regression line,

residual sum of the square, and correlation coefficient of a

straight line based on the readings from the data ([ 0.990

is considered excellent) should be analyzed. To prove

linearity, the experiment was conducted at five different

concentrations, including the target range, and repeated at

least three times for each concentration [22]. The results of

conventional PCR, unlike those of qPCR where such val-

ues can be measured, are interpreted by bands obtained

from gel electrophoresis [22]. Hence, here, data for five

concentration ranges from three researchers were analyzed

in terms of reproducibility for linearity validation and

yielded the same results, satisfying linearity. Accuracy was

evaluated using results of three repeated measurements

(over 2 different days) of samples at four different con-

centrations, and the unit of accuracy was recovery (%)

[22]. Here, ASFV positive samples at different concentra-

tions for 4 out of 10 samples were created to conduct an

experiment for testing accuracy, and the three researchers

conducted their analyses on different days to test the

reproducibility. The average recovery rate among the three

researchers was 96.7%. According to the United States

Food and Drug Administration (US FDA), LOD refers to

the lower limit of quantitation (LLOQ) that satisfies

accuracy and precision; and LLOQ is mathematically a

concentration that is approximately 10 times the LOD [23].

The ASFV conventional PCR diagnostic system (compo-

sition and condition including primer set) developed in this

study has an LOD of 100 ag/lL in the food waste sample

for the ASFV DNA concentration of (1,422 nt) 1 ng/lL,
and the LLOQ was 1 fg/lL. Precision refers to the close-

ness of the measured values obtained from repeated

experiments using a homogenized sample and can be cat-

egorized as repeatability (intra-assay precision), interme-

diate precision, and reproducibility. Generally, when

intermediate precision is assessed, the reproducibility is not

evaluated [22]. In this study, precision was evaluated based

on the reproducibility. The linearity of the qualitative test

method and LOD were the same or within the yield range

of 80.0–120.0%, confirming the precision of the ASFV

conventional PCR diagnostic system developed in this

study. To confirm the specificity for validation purposes,

the artificial infection test demonstrated that the level of

interference was low and that the ASFV-specific amplifi-

cation could still be performed, although the unknown

nucleic acids, inhibitors, resolvents, and PCR buffers were

mixed with the samples. Therefore, the ASFV PCR primer

set developed in this study was evaluated as an outstanding

cFig. 1 Specific, non-specific, and sensitivity tests for the PCR primer

sets developed for the detection of African swine fever virus. 100 bp

DNA ladder marker (Enzynomics, Korea). Panel A: Specific

reactions; V, selected primer sets. Panel B: Non-specific reactions

of the reference viruses. ASFV, African swine fever virus; PCV2,
porcine circovirus 2; PPV, porcine parvovirus; PrV, pseudorabies
virus Panel C: Sensitivity test –4 to –9, dilution value for the template

from ASFV plasmid concentration of 1 ng/lL; N, negative control
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PCR primer set for the detection of the ASFV gene in food

waste with specificity, accuracy, and high sensitivity.

Application of the Conventional ASFV PCR

Diagnostic System with Food Waste Samples

This study developed a diagnostic system that can detect

ASFV-specific DNA from food waste at a higher sensi-

tivity when compared to reference PCR methods, with the

compositions containing a PCR primer set, PCR condi-

tions, and modified positive material. The diagnostic pro-

cedures were as follows: (i) Pork meat-based food waste

samples were collected from locations such as households,

cafeterias, and treatment facilities, and transported to our

laboratory in an icebox. (ii) The samples were ground for

40 s at 6 m/s using the MP FastPrep� 24 (MP Biomedi-

cals) as a pretreatment process (the yield became similar

from 40 s [data not shown]). (iii) Total DNA was extracted

from 140 lL of the ground solution using a QIAamp�
DNA Mini kit (Qiagen), and its concentration measured

using a nanodrop. In this study, an average concentration of

185.58 ng/lL (7.53–295.66 ng/lL) and a purity of 1.93

(A260/280; 1.36–2.24) were determined from twenty food

waste samples, which were assumed to be suitable for

subsequent analysis. (iv) ASFV-specific loci were ampli-

fied from the total DNA using the developed method (by

Fig. 2 African swine fever virus (ASFV) monitoring in twenty food

waste samples (panel A) and sensitivity tests using ASFV artificial

infections (panel B) M, 100 bp DNA ladder marker (Enzynomics); P,

positive control; N, negative control; 1–20, number of food waste

samples; –1 to –8; concentrations of ASFV plasmid in the artificial

infection samples
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ASFV_634F and ASFV_1384R [751 nt] and the modified

positive material as a positive control). (v) If the size of the

resultant band was approximately 751 nt, it was interpreted

as a ‘suspected positive’ and sequencing was performed.

When 1400 nt products were indicated, these were the

modified positive material indicating that contamination

was present, and that troubleshooting should be performed

to discover the cause of contamination. In addition, if the

amplified PCR product was digested into two bands after

treatment with EcoRV, the PCR product was confirmed to

be from the modified positive material and contamination

had certainly occurred. Even if there was contamination

from the modified positive material, 751 nt bands from gel

electrophoresis could be used for gel purification and

sequencing. (vi) Only reliable sequences from the quality

graph of the sequencing data were used as query sequences

with NCBI BLAST to check for similarity. (vii) Confirmed

sequences from sequencing were used for phylogenetic

analysis and genotyping. The multiple sequence alignment

of the ASFV out-group and reference sequences collected

from NCBI with detected sample sequences was conducted

using alignment software packages such as BioEdit [24].

Software such as that for molecular evolutionary genetics

analysis [25] was used to construct a phylogenetic tree

using a maximum likelihood or neighbor-joining based tree

Fig. 3 Comparison of specific and non-specific reactions for the

twenty food waste samples and the artificial infections based on the

sensitivity tests for the five reference PCR primer sets used for the

detection of African swine fever virus (ASFV). M, 100 bp DNA

ladder marker (Enzynomics); P, positive control; N, negative control;

PCV2, porcine circovirus 2; PPV, porcine parvovirus; PrV, pseu-
dorabies virus; 1–20, number of food waste samples; –1 to –8;

concentration of ASFV nucleic acid artificial infection samples

[6, 9, 12–14]

Fig. 4 African swine fever virus (ASFV) detection using the

developed PCR primer set and modified positive controls and the

restriction enzyme EcoRV digestion 100 bp DNA ladder marker

(Enzynomics)
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making method. The topology of the constructed tree was

examined and genotyping of the ASFV sequence from the

sample was performed (Fig. 6). Finally, the ASFV was

‘‘confirmed’’ and ‘‘identified’’ with the NCBI BLAST-

based similarity and genotyping as evidence.

In contrast, the three real-time PCR Kits (VetMAXTM

African Swine Fever Virus Detection Kit [Thermo Fisher

Scientific, USA], ID Gene African Swine Fever Duplex

[IDVET, France], and POBGENTM African Swine Fever

Virus Detection qPCR kit [PostBio, Korea]), which are

commercially available for ASFV diagnosis, had reaction

times of 40.0–62.5 min. These were similar to or 40 min

faster than reaction times for conventional PCR methods

[2]. The sensitivity in food waste samples was 10–5 (10 fg/

lL)–10–6 (1 fg/lL) with a threshold line of 1,000 relative

fluorescence units (RFU) as the standard [2]. However, the

developed method in this study demonstrated a 10–100

times better LOD than the commercial qPCR kits for

ASFV diagnosis, indicating that the developed method is

relatively superior for use in food-waste samples (Table 2).

Therefore, it is expected that the ASFV diagnostic system

developed in this study can be used in conjunction with or

independently of qPCR methods. However, it is believed

that the p54 gene target, multiplex containing ASFV, and

probe modification-based kits that have been recently

reported–apart from the kits that are already available

commercially–should also be compared to qPCR [26–28]

and real-time loop-mediated isothermal amplification

methods [29].

The cost of the ASFV qPCR kit (based on 96–100 tests)

is approximately 880,000–1,540,000 won (average

1,320,000 won) as of 2021 and requires a high-priced

Fig. 5 Validation result of developed ASFV PCR diagnostic system

in this study based on reproducibility M, 100 bp DNA ladder marker

(Enzynomics); P, positive control; N, negative control; -1 * -8,

dilution value for the template from ASFV plasmid concentration of

1 ng/lL; 1–10, sample number of analytical quality control (AQC)

test
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machine; some kits require a special equipment [2].

However, the cost of the ASFV diagnostic system devel-

oped in this study is approximately 87,000 won (67,000

won for the PCR kit and 20,000 won for the primer based

on same tests) (Table 2). Therefore, the same tests can be

performed at a cost that is 15 times less expensive, and its

performance has been proven to be equivalent to or better

than those of other kits. Moreover, as genotyping of rela-

tively long base sequences has become possible, it can be

helpful in establishing future response measures–such as

those related to epidemiological investigation when ASFV

is detected in food waste–as well as offering academic

benefits. In 2020, 1516 samples from cafeterias and food

waste treatment facilities were monitored for ASFV, and

all were found to be negative [2]. However, because there

is global concern regarding the possibility of ASFV in food

waste, continuous monitoring of ASFV in samples from

cafeterias and food-waste treatment facilities (for produc-

ing feed and composting) is required to control the

potential sources of ASFV and establish scientific evidence

for proactive approach. If follow-up studies are conducted

on non-specific amplification that cannot be sufficiently

Fig. 6 Maximum likelihood

(ML) phylogenetic tree showing

the phylogenetic position of

twenty-four ASFV genotypes

based on P72-73 partial gene

Evolutionary distances were

computed using the Tamura-Nei

model. Porcine parvovirus (NC
001,718.1) was used as an out-

group. Bootstrap values (more

than 50%) based on 1,000

replications are shown. Closed

circle represents that the

corresponding branches were

also recovered in bootstrap

values from ML/neighbor-

joining trees. Bar, 0.01

substitutions per nucleotide

position. A broken line is used

in the part connected to the out

group. However, the branch

length is not down to scale
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identified by monitoring ASFV in food waste samples, then

the method developed here can be applied to monitor,

identify, and genotyping ASFV in food waste samples.

Conclusion

ASFV may be present in undercooked meat, as well as in

live pigs, and may also cause re-infection or secondary

infection from household waste and treatment facilities.

Therefore, it is necessary to monitor ASFV in food waste.

In this study, we developed a conventional PCR-based

diagnostic system that can detect ASFV from various types

of food waste samples with high sensitivity. The technique

developed could detect nucleic acid fragments from ASFV

in food waste at LOD values 10–100 times greater than

those of conventional and qPCR-based methods. By using

a conventional PCR-based diagnostic technique, testing

was possible at a cost approximately 15 times lower than

that of qPCR, while sequencing, identifying, and geno-

typing of relatively long amplified bases sequences was

also possible. Therefore, it can be easy to establish gov-

ernment response measures to future outbreaks, such as

epidemiological investigation, and may be helpful in pro-

viding basic academic data related to ASFV. In addition,

we also developed a positive control that can react with the

ASFV conventional PCR primer set developed in this

study. In the reaction using the positive control developed,

a contamination could be classified by using a restriction

enzyme fragment length polymorphism (RFLP). It is

expected that the technology developed in this study could

be applicable to monitoring, identifying, and genotyping

ASFV in food waste in the future.
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(Korea won)
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Sample test Artificial infection based
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This study Conventional PCR Negative 10-7 (100 ag/lL) 80.0 Cheap

(Approximately

87,000)

This study

Ref. PCR

primer set

#1

Negative 10-5 (10 fg/lL) 77.0

Ref. PCR

primer set

#2

Negative (Strong non-

specific bands formed)

10-6 (1 fg/lL) (Strong non-

specific bands formed)

100.0

Ref. PCR

primer set

#3

Negative (Weak non-

specific bands formed)

10-6 (1 fg/lL) 100.0

Ref. PCR

primer set

#4

Negative 10-6 (1 fg/lL) 70.0

Ref. PCR

primer set

#5

Negative 10-6 (1 fg/lL) 70.0

Etc. #1 Quantitative real-

time PCR (kit)

Negative 10-6 (1 fg/lL)a 62.5 Expensive

(990,000)b
[2]

Etc. #2 Negative 10-6 (1 fg/lL)a 60.0 Expensive

(1,430,000)b

Etc. #3 Negative 10-5 (10 fg/lL)a 40.0

aThis result is the result value shown based on the threshold line 1000 relative fluorescence unit (RFU).
bbShows the consumer prices sold in 2021
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