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Evaluation of Loop Mediated Isothermal Amplification Based Methods for
the Detection of African Swine Fever Virus from Food Waste

1,5,%%%

Siwon Lee"", Junhwa Kwon™"*, Su Hyang Kim>"*, Jin-Ho Kim>*"**, Jaewon Jung ’
Kyung-Jin Lee**", Ji-Yeon Park***, Taek-Kyun Choi®****,

2, %%kkk

Jun-Gu Kang

and Tae Uk Han>™****

'R&D Team, LSLK Co. L., Gimpo 10111, Korea
ZWaste—to-Energy Research Division, Environmental Resources Research Department,
National Institute of Environmental Research, Incheon 22689, Korea
3 Institute of Tissue Regeneration Engineering (ITREN), Dankook University, Chungam 31116, Korea
*Department of Chemistry, College of Science and Engineering, Dankook University, Chungnam 31116, Korea
*Division of Biological Science and Technology, Yonsei University, Wonju 26493, Korea
SKOTITI Testing & Research Institute, Seongnam 13202, Korea

African swine fever virus (ASFV) is a highly contagious and lethal pathogen that poses a threat to the global pork
industry. The World Organization for Animal Health (WOAH) has placed strict surveillance measures for ASFV. The
possibility of long-term survival of ASFV in raw meat or undercooked pork has been reported. Accordingly, the problem
of secondary infection in food waste from households or waste disposal facilities has emerged, raising the need for
ASFV monitoring of food waste. However, most of the previously reported ASFV gene detection methods are focused
on clinical monitoring of pigs. There are very few cases in which their application in waste has been verified. Since
ASFV diagnosis requires rapid monitoring and immediate action, loop-mediated isothermal amplification (LAMP) may
be suitable, but this requires conformity assessment for LAMP to be used as a diagnostic technique. In this study, six

LAMP methods were evaluated, and two methods (kit and manual) were recommended for use in diagnosing ASFV in

food waste.
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olol] whet Sl e SAEe] A el ol A
Aok sv|BRE AdTE Y, SARFAYE
14 A AR 5 AR A Hhge] o] Fol 5t National
Institute of Environmental Research (NIER), 2020]. %3k A}
B L= HHIEE AR A A SN SAERElE
< e ® ASFVel ik RUE® Za/do] A7HA
o}, 7| Barg ASFV 37 HE Bl EC] S4E
FHE7I=olA A8A o] ASE AtEle 53] =ETHLee
et al., 2022). 3+H, 52 S H(Loop mediated isothermal
amplification; LAMP)> S EAAM -7 5Lk it

FEY 71e] e slEolth LAMPE 445, S5

[e) 1o

A= EE 7R xR 548 22 EA gl
o] FY 2EE FANA = F Adv & FERY L
B 22 ghds gyt o dol Ak jEgo] 7t
sotH, Al whge = Qe whg U Soheh] o
ol B2 Al52] 2143k kg o] ItHAhn et al,

2008; Cho et al., 2013; Kim et al., 2017). OIE T+7gol whe} Al
23t RUEHYY Z7F 2X)7 Q5= ASFV Atk 9]

o] LAMP o] #etsAl &84 = glou, S4=F

o ¢

o] ko] Q1S 7FsAlo] ol(Lee et al, 2021, 2022), A
w7l Aol g FrE dasi web 2 AT
oAM= LAMP 7]RFe] 7] Hargl ey gl Al
= kitoll Wik SR E ARdA o] 284
7¥eFdt.

ASFV 34ke- )= = ¢ A7 B A E| (National Center
for Biotechnology Information; NCBI) accession number
MN207061.1 (P72-73 gene)S 7|22 Marcrogen Co. Ltd.
(Seoul, Korea)oll 4] Z13H4d slict gk a1 wpole]x
[Porcine circovirus 2 (PCV2), Porcine parvovirus (PPV) 2
Porcine Pseudorabies virus (PPrV)]|= 2t PCV2 NC_005148
(1,034~1,283, 250 nt), PPV NC 001718 (2,387~2,636, 250 nt)
2 PPrV NC_006151 (66,781~67,030, 250 nt)= 4 &+t
(Lee et al, 2022). LAMPE 2= 3l 5&F/ 04 #1,
Dokphut et al., 2021; #2, Shaanxi innolever biological technology
Co., Ltd.; #3, James et al., 2010; #4 & #5, Center for animal
disease control and prevention of Beijing 2F-)]3 A&
TH= 119 sH€H 37} kit [MmisoASFV detection kit
(Mmonitor, Korea)]& 0.2 S &EF¥7| &4 ASFV

A& A%S G718tk Table 1). SAEFH7|2 A8E

L

S3b 7k, vo]l ek, EHlst 5o de AHRRY
2k9] 2070 A3 S o2 SFITHNIER, 2020). Homoge-
nize Kit (Innogenetech, Korea)$} MP FastPrep-24TM 5G (MP
Biomedicals, USA)E AH&-3t] 521 &/7H7]E A5E &
M5+ tHLee et al, 2022). F3 N 140 L= F-E] QlAamp”
DNA Mini kit (Qiagen, Germany)®] w7l w} & 3
2He FE3)91.2.1, DS-11 Spectrophotometer (DeNOVIX,
USA)Z &5 % =g 54T 2}, et 76.27 ngul®]
TR H 1939 SRR A AR FEoR 9l
ATt

B7F 3l 65 5 71Dl AleE s WH#I
~#5)> LAMP ©}-%-E] Zefo]v|& ARE-gk PCR HHS,
o] w3 Alm A B 19 o4 7Nk HE: Wzt
5 EA38%0tk LAMP o}¢-E] Zefo]ME AME-$F PCR
HHS-0] 248 AccuPower” HotStart PCR PreMix (Bioneer,
Korea)s A3}, Zetolw| 2 nL(gwdsf 2 s =
gtol™ =z} 25 pmol 1 pL), 58 3AF 1 L
I 17 pL=Z F 20 L= skglom, vhg 212 27
95 Cell A 532, 353] ¥HR[RA 95T 45%, A% 5
65.0C(HE 25T 7H4) 60% 2 A 72T 60%), A%
217 72°C 5% 2 WREEIsith Ajt R E] whEEA| oF
o 3T 5= A SRS 400~525CE dto] 71
Fastaivt L Ay, 27 iy #1S 52.5~57.5C, 2%
52.5~55.0, #32 40.0~50.0C, #4+= 55.0~57.5C 2 #5&
40.0~50.0 Coll A o}9-8] Zefoluo] thgk 5% wkgo] &
A ATHARE 7] AT, B #~#5¢] ek LAMP 8h&-
S 9% 242 10X ThermoPol Buffer 2.5 pL(ZF 5%
1X), dNTP (10 mM) 3.5 pL(HF 5% 1.4 mM), MgSO,
(100 mM) 1.5 p(FZ 5% 6 mM), Z&ko|#(10 pmol) 22t
1 uL(Z 4.0~6.0 pL), Bst DNA Polymerase, Large Fragment
(New England Biolabs, USA) 1.0 pL, 53 &4+ 1.0 uL 2
A FHFE 105~12.5 pL= 3le] & 25 uL= ok
LAMP W3- 2718 wag WS X338k 60, 62, 63
2 65TE 33T W ¥ 2% agarose geloll A 30 7F 7
7] @& F UV stellA Rl B #l1~#3oA4 =
HE 0Rg 27olA ASFV 5ol4 wkg-o] UERA] ek
THTable 2). 33 HHHEL o|2F o7 A F7AFa
g AR HHE 1] A, kitZ A=A >
(o3}
=}

29l LAMP €l2] Al e] 14 = LAMP

F1 m
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p
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oo PN
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Helvh wh, #4+= 63 CollA #5001 4+= 62°C2F 65CellA
2 3L, PCV2, PPV 2 PPVl Tk H] Eo]
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Table 2. Evaluation of LAMP based methods for detecting of ASFV from food waste sample types

Evaluation items

Evaluation
Methods Reaction (Advantages /
PCR e Sample b ) Cost (per i 8
Reaction® Specificity fest Sensitivity (trlnnils) perp., won)’ Remark Disadvantages)
Dokphut et al., .
! 2021 %0
Shaanxi innolever
biological Cannot evaluate
2 St ND ND 40° (Need to re-examine the
technology reaction conditions)
Co. Ltd.
3 Jamesetal., 2010 50°
Center for animal ;Zp:;;?l?n
disease control and . . 2,000~ . .
4 prevention of Amplification (1 foluL) 50 3.000 analysis Available
Beijing (1) processes
requires
Recommended
(ASFV detection in food
Center for animal waste samples at relatively
5 disease control and 50° low cost / about 3><" slower
prevention of (1 fg/uL) to get results compared to
Beijing (2) Specific Negative method #6, relatively many
preparations process
requires)
Recommended
MmisoASFV User-friendly [Excellent sensitivity in '
L food waste sample & Rapid
detection kit & excellent . .
6 R ND 32 10,313 o (about 3 times) / expensive
(Mmonitor, (1 fg/uL) reproducibility . !
. (Approximately 5 times)
Korea) estimated
compared to manual
methods]

"Using outer primers. *Artificial infection-based sensitivity. ‘Additional gel-electrophoresis time (about 40~60 minutes) required. “Calculation from LAMP reaction to

electrophoresis confirmation

o] YERLRA] ko, SAEFH7E AR 2070
J o 2 3% A TKTable 2). LAMP HFHS-0]
W #49k #55 ddo= 8*4%%14]71% A W
A8 Brkelith AlRERE F53 dike] ASFV
SiARS- 107 (100 pg/uL)oll A 10° (10 agul)= 194 o=
A AN F AE MAEE VA Ay, B wet #5
E SAEFH7E W ASFVE 212} 107 (10 fgul)¥} 10°
(1 fgul) W= Foll A AE% ArkFig. 1). 94,

#6 [MmisoASFV detection kit (Mmonitor)]> 5-°]4 1—%’
1% 274 2 A9H o 7k HE

S~

HEE H"*ﬂ?‘i
o Al vl weEt premix typel 2 7 FHO| B
719)E Lamp Premix 15 pL, control primer 2 pL, 58 <}
1 pL(cf. AF2] vl 2 uLolAgt, H7HE 98 &
gk ¥l 8 IS X3, Ht SHT 7 uLE sk
25 uLZ 3} 63T 304, 80T 2% WHS &, vt

w'mzrﬁ

o
O

g, Hepl S S o dssiqity 1 Ak W #ee
ASFV &2bof| gt & %
ojg]2 Fite] g H] HolH wha-2 UpEhA] e9kal
A& 20700l gk vhEe-2 B SAdolglon, Q19 e
o9 7 AE UEEE 10° (1 fgul)® Ve tHFg. 2).

o Aol A= &S HUEPo] 875 HAA
ASFV zigtel] glo} ik S35 7Nk & 71 A4St
LAMPE 7|¥to = gk whel] tigh S ER/H7]E Al
U 284S 71kt Pikalo et al. (2022)% 1A 94
AlZollA OIE A4 Wl AAIZE ?é'v‘k PCR (qPCR) 7]
1k 1270 kitsell thete] ASFV 34 A&S 9gk 457
548 nlusiglom, ARgAl sy, Ui A, he
A= Z3E A BE gPCRS A2 U2 ] Egl o
A EA o] gbA ASFV AwES HES A
E o

o} WRHESL hERtom, olo] el i Aol

=3
L=
A

i

| A% Sol

=
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Artificial infection-based dilution ratio

LAMP method # M

#4 (CCDC-1)

101 102 10 104 105 106 107 108

#5 (CCDC-2)

Fig. 1. Artificial infection-based sensitivity of two LAMP based
methods. M, 100 bp Ladder marker (Enzynomics, Korea); N,
negative control.

o] 33 9 94 =9lol wet kits A okl
EJ‘O}O’]E}(PlkaIO et al, 2022). o|¥ AFAXNE 6572
LAMP 7|9+ W 5 35ellx 574 PwOl e O,

53] W #5+= AT g0 Fo| 7] B A
ASFV Zﬁé_wﬂ 48d 7 As R ‘47}51"1 W
#4%= Fgo] 7Fe T A om HEHJATKTable 2). :LEM,
2 ‘E’%%]ﬁrﬂﬂr@ﬂr—f

P #oeoll Hlsl] oF 3ul
4= 3 E]r T 7] dE 3
ydroxynaphthol blue 5= AH8-3}
AL, #5E 7IRko® AlE3}
St ol ek FAIEE 52 A2E HAHGoto et al,

9; Lee et al., 2016). T3k A|F o2 A 35 = #6-2 vl
7 el H]OH of 3ul] A& FA=FH 7=l A
2 Fr e o, kite
AE AL o] AlEE
g FHE 10

°
S -

AAsk=d Qo) A3 Ao nelth o
W HPtg‘—g- o H]b‘H oF

ok 19klo] | 7}74% uj
5Hl] ===l ATHTable 2). &=
T(Internal control)©] g% A] gFo} /é] A
A A Eojof gt

Lee et al. (2022 %*’%%ﬂlﬂgow ASFV &0l 4
€4 5 9J+ conventional PCR W'HS 7 & 7]& B
57 e waskglch 2 PCR HJ%’.MHi i 5
o] wkg-o] YEhEaL 21914 o9 7Nk HE WEE
°F 10° ~ 107 47520 A THLee et al.,, 2022). o|H Aol A
= P #59)F #eoll A 25 10° (1 fgul) 2] HE W
77 VR Lee et al. (2022)2] 70 whell mla)] oF

(s
)
X
2
L
::‘4

Specific reaction Artificial infection-based sensitivity

P1 N1 P2 N2 PCV2 PPV PPV 10" 102 102 104 105 106 107 108

Sample test
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
arearear
Lt b s T i b i i i A e i

Fig. 2. Specific reaction, sample test and artificial infection-
based sensitivity of LAMP based method #6 (MmisoASFV
detection kit; Mmonitor, Korea). P1, kit p0s1t1ve control; N1, kit
negative control; P2, ASFV nucleic a01d 107 (100 pg/uL); N2, de-
ionized distilled water (ddH?O); PCV2, Porcine circovirus 2; PPV,
Porcine parvovirus; PPrV, Porcine Pseudorabies virus; 1~20,
sample number.

108f skokan, ThE WSl HlsiM= oF 108 7317

U E5 52 olglth aeh} S48 AnE nel Lee
al. (2022)2] conventional PCR W'H-2 -4 &E-F47]E5-E
ASFVE AEsher] ARolA F A 25 o] 7R o

175%-(PCR #H4 °F 1358 B #7] & °F 408)°] &
Q5= Wi, LAMP 7]ke] W #59) #6> °F 10033}
3282 = conventional PCR 7|¥F HbHo| w]&l H o 143%
T B AR AR S Qlok
g, Ak LR ol 31*7} ofj¢hg FEEHFE K
1 A7 Qe 5 AP sE A dute e Sl
raHo] v 235 9thBae, 2021). ASFVE 28
E=7)(Ornithodoros erraticus) 5 " 711%(Basto et al., 2006)
& T 1P A7t opA S1HA] ko), gt o
g A& Xde] FeAo] oS AAFE 4 Stk
S S FoME S EFH7]ENA ASFV A
9ake] A|& gPCR kitell thek H7p7} o] FojA| 1
SQITHNIER, 2020, 2021). ©]¥ ¢15-= conventional PCR,
qPCR &3} o7 5 7} AP, HAME 5o iy 3=
o e} - FAERHAVE T B ARl ASFVE

o2

Ly

f

—
o

|

O M Db o 1o XN of r‘ﬂ

t}
ol
=
%
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