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the pepsin-digestion method and ELISA in Korea
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Abstract : Trichinella spiralisis one of the important zoonotic parasites with a wide variety of vertebrates
hosts in nature. The purpose of this study were to analyze ESP(Excretory-Secretory Protein) antigen, to
evaluate ELISA for the serological diagnosis of Trichinosis, and to stvsgiralis infection in finishing

pigs using the pepsin digestion method and ELISA in Korea. In the analysis of ESP antigen by SDS-PAGE
and Western blot, 4 major bands (70, 55, 52.6, and 49 kDa) were revealed from the ESP antigen. Predilection
sites of T. spiralis were the diaphragm, the tongue, masseter muscles, intercostal muscle, and hindlimb in
orders in the experimentally infected rats. Sera from 581 swine were tested by ELISA with ESP antigen.
The 54 (9.3%) sera were suspected as positive reactors, however, these 54 sera were determined as false
positives by the use of Western blotting. This study demonstrated that the ELISA was not suitable for the
examination ofT. spiralisin pork. The diaphragm muscle samples of 251 finishing pigs were tested by
the method of pepsin-digestion for the presenc@riohinella larvae, howeverfT. spiralis was not detected

from the samples. We could not find oLt spiralis infection in pig in Korea pork.
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A RZ(Trichinella spiralig> FH 9] 455 AW A4 th drZe] gFle 53l -5 (developing larvaed
TE 7IAFo BN, S At aE ALt d AlA Ao 7R3 ek, B Heshy BREe A
A B ehE AR ®WA Eo] gt} [33-35]. A =0l 27 (Trichinella sp)2- 214 31A E5F3814] &s171 vl
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ol 3AmMmALES AE:o g A9 A% Zol= & 1935, T. nelsoniBritov and Boev, 197228 T. britovi
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Pozioet a| 1992 553} T5, T6, T85-<] Z4l°]t} [20,
21]). Hded Exow T spiraliss 6719 unique
allozymeE 7[A 2 9low, T. nativa= 27] 2] unique
allozymes, T. pseudospiralis 12719] unique allozymes
&, T. nelsonE 47119] unique allozyme®, 2|31 T.
britovi= 70¢] unique allozyme-g 71A]a 9Tt 23
W T5, T6, T&®] /= ofA et WelxA] 22
T} [20, 21].

FPH © 2 4= Trichinelloscopg ©)-83F AAN,

ZAAFAsh, ELISA, PCR, Western blotting, indirect

fluorescent antibody tege] ©]-§-= 3 §lt} [19, 27].4
R "Wy dg gYoZE crude somatic

protein(CSP) antigei t} excretory-secretory protein(ESP)

antigere] © E-o]4o] Eriz dulA glth & encysted
muscle larvag& 2447} wiFsl &, o7]el4 A2 ESP
antiger> =72 ARFT5S Adsled] Eo] oz
Zhg-ghch= Alo] dE AT I o] 92 CSP antiged
M SAY™, Bx12ke- 4553 kDad =2 ekt [13].
Arzz Ao o] ESP antigeft B]E-0]1#¢] wh-3-o]
A JePF o 24, ELISAS ©]4-8 Zet 7]ge) 7
of & FejaAE Hgty By HYoh L2} o
ESP antige- chromatographg ©]-8-3te] AAshH S-0)
e =Y T Aoe Ax st} [32). A SAARIA
YAk o] A48 RAdsitt, o olf= AE
5 °oF 190] 7] A7EA = FAVF A EHA) ol 9
574 (false negativey LJEFE 4= 9171 wjFolT} [28, 29].

vl Pennsylvanidl 4l 1,1707+2]¢] raccoon, 3842
2] opossum, 2012 ¢ muskrat, 1682]¢] fox, 517}
9] skunk 22 172 minke] 3 & 2NFH s 23
A4S o)gste] ARFo dHoRE A8 4
3}, 2.6%] raccoon, 2.9% opossum, 6.7%4 gray fox,
15.19%] red fox, 3.99%] skunk, &3 5.9%] minko
A ARZ EE ASE A [23]. 283 7|
it} New Brunswickll < 19893 %-E] 1991371+] 544
ul2] €] black beaE A8 A3} 0.379%] FAHES H
At [6]. Bk Avtrie] 2 A HlA] 5,380 e =)
AEHE AF 3] ELISAE ©]&-3te] A=RZF2] Ao
B5 ZAFS A3 0.026%141 94 ERTE [28, 29].
Boliviadl M= 24 5a3tw & o-8-3te] 100°H2] 9] =)
A& 2R A3, 2596114 A mgo] B E 1AL ELISA
= o83t 188e]e] AXBAH S AR At 11.2%
oflA] eFdS VENST [3]. FUlelA = ELISAE o]
sk MRS gk AAr 45 ol FeiH o 803 =HA]
Ao 9] 2]9Ado] Western blot analysr] &
5 298 Huslein) [37].

Rat} mousé& ©]-§-5F Ad-5E2] AFlA] T. spiralis
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nativag 1,000°F2] o] g oAWdEs F T spiralis
spiralisg ¥4 A& 43, A=Fo] APaFH7t v$-
Ssitke Aol gAY [28, 29]. & muscle larvae
antigen(MLAYS 50 ug® 154 7HA 0= 23] owid%E
g ¥ 300t 9] ARES T4 95 A3, AES A
Zo] 71 Zastal e EstET A9 o] &
7 Ae] STt [36].

ol A 1962458 198937}1#], Alatell A T5 118
A9 ARF gFEe] dAste 540089 et 953
o] AL EA ST A StEAL A, thake] 2y
Aol AlEe|AIL AEA O FA) oA eds] ¢
8|2 k2 HIX 2 ok SR 2I]E Il R
AstTh [11]. Aol A Y] 58S F2 95
g AARE 255, Y £F So] YehtH, =&
g FHeHA o o# 7|7k Aol vERE
T gt (1] Ao Re] AEARE FE ARSI
A HF 27} o E] AS&E & o]F] ¥ 9
At E-2 A2 eSS Wl F At siA] oA o
A7 dH 7] AR HEadle 24 7], A
WHAT F7F oRSF9} ARSE|R| o] F7HAA o TS
sto] ARSEIAN ARS FEES
HAl= =H1#]2] cannibalisme)Eo]t} [15].

ApgollA MrFe] 4g-S ddshr] fEixe =R
715 & 93] Hojok shH [11], YT ES ARGEIA| 9}
o] HES At mifA &S st AXF/E A
allof gt} [15].

| Z oA 2= miceZ ©]8-3t 54§72 2 cambendazole
[18]7} oxfendazole [22[5-¢] ¢t E}E vepATiaL
B¢} & thiabendazolg fumarate reductase activity
£ JAlote] ARZe] 25 F3Fl Hiate o=
et [7].
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T. spiraliss 54|k F 5,0000H]% AHAIZ

=, I Foll A=F AF ‘%}%’\]7& o, A 2
=5 AAR A Z5 °‘i% AL 7, o719 1% pepsin-

acid solution(pepsin 2 g, hydrochloric acid 10 rdDW
1,000 nyg &%) 1011& sto] mjo]Ad & 42
hot plate magnetic stirref|ol] 2%, 3PCAA 3-4

A7E 23R 2371 olg 308 o) AR
T, 45 2135 AABATE A7]9] oA 3PC FEE
& -2 ¥ 308 ol AN olsh 2L g 4

Zdo] gold w|71x] AA1gE H, penicillin (500 unit/nk)
7} streptomycin(50@i/ml)e] 718 DMEML.E 33 Al
st YAEE 3t Aﬂfﬁ,é}cﬂt} McMaster egg counting
chambe& Al&-3le] f59 & &3I4 Welld
1,500-2,000}21 2] o] Eo)71 DMEM2.Z A3}
3, o175 96 well cell culture plate(Costall) 100ul 4
%, 5% CQ incubator(forma scientifie) 4] 24
kot & R 2 AelA multi micropipetté
SP antigeg {1t
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SDS-PAGE

SDS-PAGE= Laemmli(1970%] "'8-& W& ste] A
39t} [14]. 10% acrylamide gel (DW 12.5#x stock
7.5m, acrylamide 10.0 m 10% ammonium persulfate
150ul, TEMED 15uly&- ¥F& # dual gel castell loading
3 5 £°Ce] WA oA over nightA ZT}. Separating
geb] &2 ¥, stocking gel(DW 6.2 in 4x stock 2.5 h
acrylamide 1.3 10% ammonium persulfate {0
TEMED 10ul)2- separating geflell loadinggt ¥ comb
& £3, stocking get] &2 F combs A AL B
< 4 T4 stocking gef A2l 3tA T 7], wl
oksled 9.2 ESP antigen fil$} 2x sample buffer(0.125M
Tris-HCI pH 6.8, 4% SDS, 20% glycerol, 10% 2-
mercaptoethanal) @ & &3tste] eppendorf tubd 232
cabg 2% 5 100Ce| &l 327+ A= H 48
o] ZobE & dAEY sk, FHE A719F Al
upper tank} lower tankll tank buffer (0.025M Tris pH
8.3, 0.192M glycine, 0.1% SDS) ¥ ¥, markes}t
sample& 20pl 4 loading 3132, markert Bl &
714 60 VellAl 902 = 7]1%9F8F3ith. Coomasian
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blue (0.125% Coomasian blue R-250, 50% methanol, 10%
acetic acidi 2A1 7F 94 3lal destaining solution (50%
Methanol, 10% Acetic aci®)E EA4A|7] 5 Eo]z ¢
=g 201514, ] vl markeR prestained marker

(Sigma AH-3k3iTH
Western blotting
= =% "ol ELISA SO = ld HAYS
Western blottln@ 0]—30]—0:] AZRo g oy oJHZ 3}

o1&ttt ESPEY 10ulE 2x sample buffeit 4] 8
B FEAE & H 10% SDS-polyacrylamide g&l A}
&3t H719%5-S AAET A719F ol gels wl
oAl X718 transfer buffer(25 mM tris, 192 mM glycine,
20% methanoBll 10-1527F @71E %, gelE nitro-
cellulous papell 31, +3= ZollA] K-¥ porous pad,
Whatman 3 mm paper, nitrocellulous paper, gel, Whatman
paper, porous pad-C. % electrotransfer kifl 23t 5
transfer buffeg & ¥, 250-300 mAz 1A 7F =
transfer st th. AAF ¢k 3 nitrocellulous papeé
Ponceau $-¢ (Ponceau S 2g, trichloracetic acid 30 g,
sulfosalicylic acid 30 g, DW 100 28 AE H2&}

of T do] AZE transfers A=A I3 standard
size marke?t] YIX|E ALE ol&sle] FAE H, TF
“pollA 527} nitrocellulous papéE o] & ¥ blocking
buffer (5% skim milkg 2ol Ab2dA A7 A%
&5 vke A1zt TBSE 338 A& 3%F 3 ELISA %
d8H 7 SPREiA|o) AR ZS AFAAAA 42 A

2= oF¥E AL 2000 (ELISA titer : 1.1508 3]4]&}o]
247 A AFoA EEH v-EAIZ T Nitrocellulose
filters &7 TBS| ¥ 527k 33] A8ttt 0.5%
skim milkell 1/2,00@.2 3|43t secondary antibody
(phosphatase labeled goat anti-swine IgG, Kirkegaard &
Perry Laboratories, KPE Y2 1A]7F 59F TE db
$AIZl %, TBSE 33 A3 ¢ ¥ BCIP/INBTS
phosphatase substrate(KEL)ZM A A =5 2l
sHsiT). RS S8 *PJ‘-’JP Western blotting] 1
2b A= /}iA%—% AAAZ & FE | =] ¥
g AHEs AT 2% %Zﬂ—g alkaline phosphatase
labeled goat anti-rat IgG (KPE) 283193 BCIP/
NBTZ phosphatase substrate (KELpHe] 2H8A]# Wl
=g Zelsiaith

ELISA

ELISAE Gambles [9]¢] i< W sle] AL8-51]
t}. T. spiralis ESP antigei: BCA protein assay reagent
(Piercel ©]-g-sto] il d o] ¥ (1.190 mgihE =7



3l & =3 %A (coating buffer, pH 9.6.% 0.1ug/ml

=7A 345l polystyrene ELISA microplate(Nunc)

o] ZF wellol] 100l 2 Hof 4°ColA 2447k HHg-A|
Zt}. Washing buffer(PBS-T, pH 73) Z well- 58-7F
33 A& 3al 5% bovine serum albumin(BSA&)Z
37°Cell Al 1A 7F blocking #1184k Washing buffer
Z 587 38 AlFslaL, 5% BSAZ 1:800, 1:1,608
1:3,2000.2 3A gk Alg "E3S 2 welld] 100l 4
231 37°Ceoll A 1A 7 WAl o] 5 ThA] washing

buffer2 3%] 4| 2|3l3 peroxidase conjugated goat anti-

mouse IgG (Sigma, USA) 1:2,000342-S- 100l

# 7} welle] Wo] 37PCAIA 147 ukeAI7) & o

Al 527 38 A H st o719 ABTS(2-2' azino-
di-ethyl benzothiazolic sulfone-& well 3 100ul 2

A7rete] 2027 EAAZL %, 1 mM HCI 50pl <

FA7Fsle] vk3-& AAA7]Z ELISA #57] (Molecular
device, E max precision microplate reader, IDEZX)
AHgElel Sk 405 el M FREE YT

ABSES FAES)E MEE 22 =A
Zu) 3k 3rtE]e] SPFAA =] A R 2(T. spiraly %
50004 29X 7 &, IR Foll A= &, W
YA, 2R, G )2 FA A
t}. 10% neutral buffered formatth 32
At T gkl 23 =g #A (trlmmlng, processing)
m A5¢] F7 8 HASATE o] 24&
e °‘31 | o7 vl AJofelA] T g &
(encysted larvag) & Alo] HHX &

Y _Ol 2
£
2
of &
jﬂ-

2 =51 EfXe] MEE Zteiois =A}
S elA EakE 3 e SRl A 2] HEZ(T. spiralig
AL E 2AFet] fal, B, Fof, A,
A, T el f1Ae =AM A 50 g o]
AFst 2ot S AAT F, 1% HAE9S
&3 AT RIS ol&sto] AR AR

il =] T
ZAFSIAT

9 ox HN' 1o

mlm

=HX] EHo| chst A=A

oA ARSE AL e XA ] ARF HAEAR-
& Yolrr] 1oH FA=, 7
Aepds, daE s, 449 s
ZHE 1A AT Aol 1 #
Byl wix)e] AN FH S %EIE‘}O# ELIS = o
3to] =] ARSEIA 9] T. spiralis]
AFetsiTt.

SDS-PAGEO| 2lst =H|&a
DMEM HHx]oﬂH A
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Western blotting & I%%J 2y|akelo] BN
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Fig. 1. Electrophoretic analysis of excretory-secretory protein
antigens of T. spiralis by 10% sodium dodecyl-sulfate

polyacrylamide gel electrophoresis. Lane M : molacula
weight marker, Lane ESP : excretory-secretory protein

antigens.
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Table 2. Regional distribution ofrichinella infection in
finishing pigs collected from slaughter houses

Areas No. of samples  No. of positives
Daegu 40 0
Buyeo 80 0
120 —» Jechon 40 0
| Chungju 40 0
84.7 56 Chunchon 20 0
75.2 > Busan 31 0
= : Total 251 0
35.3 ‘ L
’- Table 3. Seroprevalence againEt spiralisin pigs
: ; Results
43.6 —»
. No. No.
Provinces of samples  NO- . red
352—#+ of positive *' SUSPECte
positive
Gangwondo 96 3 12
Gyeonggido 65 1 3
Chungchongnamdo 100 3 12
Chungchongbukdo 67 - 2
Fig. 2. Immunoblotting of ESP antigens of spiralis ESP ~ Chollannamdo 39 1 1
antigens were electrophoresed in 20 SDS-PAGE, transferred-hollanbukdo 96 - 4
onto nitrocellulose paper and immuno-reacted with antiseru  Kyungsangnamdo 96 - 7
raised in SPF rats. Lane M : molecular weight marker, LaneKyungsangbukdo 22 2 3
ESP : excretory-secretory protein antigens. Total(%) 581 10(1.7) 44(7.6)

ELISA values of positive and negative serum : over 1.150 and

Table 1. Number of larvae observed from defined tissues below 0.407

of infected rats

Muscle No. of larvae/5 sight(00)
Diaphragm 42
Tongue 28
Masseter muscle 14
Hypochondrial region 6
Intercostal muscle 6
Pelvic limb 4
Epaxial muscle 3
Thoracic limb 3
T EsiEiX|el 2| ME2E HHF
U o =5FM AAG F 25572 2o
S Ao E 2AUATLIE olgaje] 24}

o A, A FroA S4S YeRtH(Table 2).
S ESiEX| &l MmE it SHRF
% 5grle] HARE 1*1 ELISAE o]&3- &y
A FFZAE ZABI Y. FE ooz o o
SPFHIA Q1% THAAIA A2 FdEH9 I1gG A

1

7He 1.15(°|eH, AAA1717] e S48 9] A
7= 04071810tk 48732 FA7F 2 ©]/4(0.815)
< Fo= YN, A A7) 0.4500]42]
AL oFder st A A3 1009 8%
o] g FAguke-e vEl o Al HdAM 2%

M2 &0 cfst ELISA 2 =X &9 Western
blotting

=] =] thek ELISAS o] 83 A= z
A A FA T ooz R sarte]e] el o)
sted Immunoblottings: AAIS A% 2% SAH02 #

Table 4. Immunoblot analysis of pig sera shown positive
or suspected positive agaiffstspiralisby ELISA

Result of ELISA No. of tested Results of immunoblot

Positive 10 Negative
Suspected positive 44 Negative
Total 54 Negative
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120 —» |
84.7 —» :
752 —*
553 —»

43.6 —»
35.2—»

%

Fig. 3. Western blot of pig sera shown positive agaihst
spiralis by ELISA. Lane M : molecular weight marker,
Lane P : Serum of. spiralis artificially infected pig, Lane
E.P : Serum shown positive agaifstspiralis by ELISA,
Lane N :T. spiralis negative serum.

A= tH(Table 4, Fig. 3).

L~
A FZ(Trichinella spirali§2- #H ¢ <35 2t ¢l
TIE AT oEZN FUHAME ov| 24T E
H2 AFERS Y SARLT}F o] Fo%l 7Stk
[31]

Mahannops-(1995) Algtoll A A RZ(T. spiralig]
<54 I3F52 ESPIYE 17195 e B3l 4

[e)
3}a2 Coomassian Brilliant biig 5443 & A=}, 94 kDa

oA 26 kD&l ZA 94, 83, 67, 65, 62, 58, 57, 55, 53,

polypeptidég 23 4= 9lith. 55, 52.6, 49kD2l WM
== Mahannops(1995p] Wit Ao} A9 FARS
Zot, 70kDa] HEE B A3 AFA=HU oY
Ko<} Wong(1992¥F Mahannops(19959] ¥4 B [13,
17pl= sle A2, AFEF mouse] 54 33
EHEo M= R o, A5 ER AL
g ArZe] Byl vt vt
F2Ht}, Arriga 5(1995)> 41 %.3-9] surface
antiget AR Z) 24 dE X9 AF ZAE =)
3L o]-83l] Western blotting- 218 23},
105, 72, 67, 522 47 kDallx W=E golsgiviy B
23Rt 2 2y B A7 e AREe ESP
antigerdt AR ES 9y 7AAAZ T AL Hx S
o]-83F Western blotting2 =}, 33, 32, 31, 282 27 kDa
oA M=F AT 4 AU Arriga 5(1995p] A
23} & Apolla] e M=ol X7t oE AL A}
85t go] zpolol A wAs Ao 2 P7hE, HE
A7 HA] 3L A3 Western blottingl A 2= =
=7 TEA Yeue AL T8 T2 Zolo] g ¥
oAnE-g-2] zfool] ojgk Ao F AYZFHT)
53], Ange " dio] Hold E2+% 45-50 kDa
| dlEsls Soldlds FHlshe o= 4#A A
=, HGAK E719] A 7F whg-ehk= 2% 43kDa
o ey o o] g AZE [5). Siberstei)
Despommier(1984y &Al#o| 43 kD&l 3lgste oY
A2 FA= 48kDal 38z @ A (glycoprotein)
3 fAlel L e [25], T SARNE E8g
ZollA 30 kDael’d<] major proteir|Z}= 734, calcium
3} EDTA €414 717195341 metal binding protein
olgl= A, au]x SFEIAA 8A4.3.1. 5 WHe-dt}
= A& & 7 v [10]
I, AEZ(T. spiralig #Ak#o| 72} 86, 80, 70, 50,

2
R
o
S

2

49, 47, 43, 42, 41, 39, 38, 37, 35, 33, 32, 31, 28, 27, 26 kD&7 2] 20 kD&l 3|3 st= CWE(Crude Worm

oA ME=E &3l 3L, Con A-peroxidasg ©]-&&k]
AAE) B Az 122, 109kDalA 2f9] MI=E F71=
golslle). I o5 Western blotting- ©]&-3to] 14
8 £ Az} 100 kDa#lA Solads slstdr) [17].
T3k Ko9t Wong(1992p- 3¢ -2 (PRE, Pre-encysted
larvae@} @-5-3(EL, Encysted larvag) 28]9S =
Aet A3 PREIAM+ EA}8Fo] 20-15 kDall 333k
F "3}, ELo|M & HAFaFo] 53, 47, 45 kDdl
A& FRFHE BaLslslth E PREY] &)
& WY Pido] Holyt 45-53 kDall diFeks T
Jo] Aofx]o] glojx HIEhA ZIthale] © 2R = F-4
detrta skt [13] & AgdA ARFe EHgd
X3 A3}, 70, 55, 52.6, 49kDa 42 F23
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Extractsfl9-& 7L Q= Zo= Byt [12].
ARZFo] EH)shs dAe] 7)ol theix= 2 &
HA A gort, FUHA 715l 43 superoxide
dismutase T4 ¥ & (polymorphonuclear leucocytes)
o FAE Wolste ol #AAst= AR IHA vk
[22]. L1EHA 9] 52 ] Al AU3E A #74
H oz X E BF Fulstet] o] o] A

2 G AA Gt [4].

Ak © 2= Trichinelloscopg ©]-83F AN,
ZAAFASE, @38k HHo 2 ELISA, Western
blotting, indirect fluorescent antibody t€st €32 PCR
5ol o) &= vk [19, 27]. = FEFS] ARF T
AWf AFE 2ALSH] 98], & 5871 R &l
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A ELISAZ ©]&3F AL A3, 1009 3ol A &
guke-s UrE‘rkHEUIl 4471 9] 537& oA 9]¢ *é% HER
o} e o] WS-8 A4S Western blotting: o] -4
sk AAL A3 %}\o——i %ﬁﬁ%ﬁ], o] ELISAC AM&-
8k ZH| g o] vl Eo] Al whg wjE o= AJzlEn)
Gamble?} Graham(1984¥ T. spiralis 452 £H|&
£ Trichuris suig] 3%} Ascaris suul 5@} w3}
e [8]. A =E& 4550 kDa
of dlFshs SolthdS FEulsl=dl [25], & Al
A AREE AR ZY] BRlEk 24 A3, 45-50 kDal
33 polypeptidec] 24l EA}#o] 70 kDel| 37
st F9S AFsnt o2 <18 ELISA 3 wh-gol
2] false positivel LFEFG Z oz AztETE o] A% A
T2 Kol ELISAE ©]&3 & = F4deirtn
AJZIE ). ELISA= H]Eo]4Ql vhg-o] 2 YERaL
AW o|A3 7 5 7002 AT At FA7) &
g o] Fol= FWskx 7 Helx] 7] W] ELISAS
o83 JgRAIA] F2|7} HQ3Elt) [16]. Serranos
(19922 A= 3o BH|gYE o] 83 ELISA7F 93.1-
98.9%¢] Eol4e verdt . Bysidn) [22] el
Smith(1988F A 3o] Add HA oA g
(seroconversiory 1904 26U Ato]ol] =& o] Fof=]
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