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AP X ERA polystyrene ball ~stick ~ tube R microtitre plate £ERRBRZ
HEMEETEARIA RS %CEERERER (staphylococcal enterotoxins, SE)
BREBEEZHR o AR~ XRR4PBE-b£RM 100ng ZBEX A (SEA) |
#¥ B (SEB) » 5% % C: (SEC) REE#¥% D (SED) » (kigEMERURR EEM
AZEH ~ Bt ~ BEORBFREHELL polystyrene ball ZARIH » &R~ SEA ~SEB
+SEC: & SED ZEHEKBEFES 85.1% ~124.5% ~ 106.1% R 98.1% » BREBSH R
4.9~17.7% - MEREEEEANNERTBRERZ RERHER 0.1~16ng/ge e
HhEARTEERNSKCEGREREX » EEEE 1.6X10°CFU/g K » THA
0.33ng/g SEA »

Detection of Staphylococcal Enterotoxins by
Commercial Immunoassay Kits

Shu-Shen Hung*, Tsui-Ying Chang* and Hsi-Chin Ko*

* National Laboratories of Foods and Drugs,
Nankang, Taipei, Taiwan, R. O.C.

ABSTRACT

Different formats (polystyrene ball, stick, tube and microtitre plate) of
commercial immunoassay kits were employed for the detection of staphylococcal
enterotoxins (SEA, SEB, SEC: and SED) in food. Food sample (ham, cooked
rice or dairy products) was mixed with 100ng of toxin mixture and then
extracted with water before subjecting to immunoassay kits. The recoveries for
SEA, SEB, SEC; and SED were 85.1%, 124.5%, 106.7% and 98.1%, respectively,
and the coefficients of variation are between 4.9 and 17.7%. Lowest detection
levels of these kits for four types of toxin were 0.1~1.6ng/g. We found SEA
0.33ng/g in one of ten samples from outbreaks of food poisoning and S. aureus
cell count in this sample reached 1.6X10®* CFU/g.

Key words: Staphylococcal enterotoxins, Staphylococcus aureus, Immunoassay.
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Bergdoll® B HEHRE EYRERBRTMENELFLR » HESREEREEEFR (staph-
ylococcal enterotoxins, SE) Fr5|#Ef) » —BHHRRFLULHKEASERES T BSEELE
fERERBEE R#t{L (SEA ~ SEB~ SEC, ~SEC: ~ SEC;~» SED R SEE) - &S24 74 100 ng L
ERREREITTEERAMATEY » Evenson A9 ZAERER—BERBETHAA 144 ng
SEA ENFTEAFERR o

DERE FDA Frff iz Btk (gel-diffusion method) » BIREHENER » BKE
EREEMARER - BESE  AXVOBSERRE RSS20 » AMEHKERYE ¢ o b
WatE#Y: (radioimmunoassay, RIA) @ B¢ E: (enzyme immunoassay, EIA) ¢~19
RBEERIEE (agglutination) 0% BRI TRNA R 2 BER » BRHEORAEEE TR
ML E—SHERENTTRIHBER 4 » RICERARFITRRTIERAELAES - LhKst s
AARERME  (ERSSJHRAAE  RIFBRHEAFERASTE  UTRERENEYE 228 HSE
RF » BTEABRTERETBERZNR FE O » P SHImRRERBFE (reversed
passive hemagglutination, RPHA) 9 & ¥ # &5 BRERME S (reverse passive latex
agglutination, RPLA) "9 BT BHR 24T » (EREMRBERERER » YL RS
BHEER-

HAEETEZ A SR AR » HEASPTERHSKEHERE » BUBERAKRITEE
fIEEHE » AR B HERA S RERS  AERNTEBEXEBRERT » BNEAESR » SEAREL
FERRTRUSECHEREGZTERS » UAERFE2RERSTEZ KRR » HtEE
BRATRAUBER 2 EREREENBRR AL « hRBRLEELARESEEHE « Bk
ERRBRESFER 00 GAHRKFENETEMREEER  LEREERN R STEER
SREBRUINETC LT » HERTHRERBBERE RIS  YREASHEEERR 2
%o

#H 8| A&

—~ HEE

Bl RERFFTR A Z KB ~ KR 4T ERBRTS c HTEAEZRSKE > 5 1992 4£5 5% 6
A BT ZEHTS - B RBEWHEMBEART 22 4 KEES 20 RIS 18 4 »
FEit 60 4 o hEAM 10 HRIRILEX KA L DRE o BEREESRMLEREFAB-C, &
DiEH Toxin Technology (Wiscosin, USA) o —fiFREEL Sigma (Missouri, USA) ~
Merck (Frankfurter, Germany) RRI¥XAT (KK BA) SES o
TERAEEE

BRRANENAR X 2 BREFEM » 5518 staphylococcal enterotoxin SET-EIA (Toxin
Technology Co., Medison, Wis,, USA) » TECRA staphylococcal enterotoxin visual
immunoassay kit (Bioenterprises Pty. Ltd., Roseville, Australia) ~ KT-ST 724 % KT-
ST 725 (Transia Co., Lyon, France) o
= RPLA B¢ HEHHREBERIN>EER

Staphylococcal enterotoxin A~B s C~ D detection Kit by Reverse Passive Latex
Agglutination (Denka Seiken Co. LTD., Tokyo, Japan) o
SRR T

SEA -~ SEB ~ SEC, & SED #&#2% 1mg LIZEMIKERE » YHEEREASE 100ml»
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T FEA K B RRAEAUR 0.1~5 ng/ml s~ B¥EVSHE o 46 0.1+ 02505~ 2~ 4 R 5ng/ml 2
VUSRS R A EENEATR » I SET-EIA ZE/ARIE » SREEHE S iR B SR HBOL (EfG B B8 #R i i
119 o
T R REEIRE

(GEERIETE | SFIBEUREE 50 g » BR 250 ml g0 EH o ARATTREAEE » eN7TLIEE
FABEMENR o KEBEIMA 50 ml Z&#AK » &% 10 H8% » 1 4°C Tk 8,000 rpm =5E#E
O 15 44 » M EBRETBELSW c ARSAMA 50 ml MK » 3R 10 S&% > LI6N B
RS HeTRE: pH = 45 B> /) 4°C 8,000 rpm D 16 48 » M EBKEL 5N &M
W= pH 7.5 BRECRERATNDR LBHETBERI « ERPERBCIEE kK-~ =
FERBTHRIILRRE SR » AERIESRAR SRR » SRR ITRER 20

@QEERRMEKRSR | 5 IBIRERRFREHEEERERBERZAET KRR AR (
LUK BT R) Hi% 50 g 0 BH 250 ml EOER 0 Wi ¥R SEA ~ SEB~SEC, R SED
T ROEEEEE 100ng BERARK B 4°C B 30 28 » RENEEER LR ITHROET
¥, SET-EIA ZMAMAKEKIER o F—RMBEF=ERE HREHRY o

A~ BREEEEZER
EEERGE A REKRFRRAEET o

£~ B REEREEHE (RPLA kit) ZRE

RPLA KNSR EHEREBTRIIZRMFEHE | Kk RPLA EERFFRITETZ
SR 25 ¢l BEREESE (BHHRA) RER 3,000 rpm g 15 4@z RE BHI 3 ER
EH o BRI VEARG » WA 25 41 SET-RPLA (A~ B~ C~D) ZRZUARIR A
A FIRASALFTHE 25 1l ZRREF R (RRMEHRE) R 25 o] GHRPEEERIER » REETHE
18~20 /NEFEIRES » MR OB AALE VIR R A RIE » R ZAIRIERHE -

A SHEEERECE TR

KBHEEREE CNS 12542, N6214 JH:EfTHER » 78 35°C 553 45~48 /MR » HRIRAT
% ETRESRARRBERR » AEUSE2AHETEH (AMS Vitek Jr., Vitek System
Inc., Missouri, USA) EEEEER » ¥ F LG # -

BEREF®E

— T BRREERZ R

AP AUET ERRAEEM » HNhERCHRREEEZEER EMMHZ ERETIN
%— o Uz EIA &5 BR=MkM » 3tth TECRA ~ KT-ST 724 & KT-ST 725 &BHREHR
R BRGNS o 2R 5/ » T KT-ST 725 #4155k 2 20 bl E - SET-EIA
EHE4EE (semiquantitative) #sk » HERERS » MBS HREEERNATE 0.1 ng/ml
y A E A IBERR R » BFTEKMEREE » Wieneke B Gilbert? JR#% ball system R
|EER: microtitre plate & v {(HARFRGZEHE o WE EIA £AFEAZARYA#ES
polyclonal ~ monoclonal » HEREHEA » EAFIRM R 4 AR Z Polystyrene ball »
stick ~ tube J& microtitre plate » {BIRKERHEAR » LBHR=0 (sandwich) BZERE
EEM o
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Table 1. Commercial immunoassay kits for the detection of staphylococcal
enterotoxins evaluated in this study

: Minimum 2
. req.ulred Cost (N.T. delt:‘(;;ilon S E.ntero‘toxm Antibody type
Time $/test) (ng/ml) identified
SET-EIA 20~22h 200 0.1 |polystyrene balll A, B, C, D polyclonal
KT-ST 725 | 4~5h 680 1.0 stick A, B, C,D, E monoclonal
KT-ST 724 2h 600 0.2~0.4 tube none® monoclonal & polyclonal
TECRA 3~4h 290 1.0 microtitre plate| none® polyclonal

* Supplier: SET-EIA, Toxin Technology Co.; KT-ST 725 & KT-ST 724, Transia Co.; Tecra,
Bioenterprises Pty. Ltd.
* The kit cannot be used for the identification of a specific toxin type.

SHEEHEREZHE

fhFE—rh AR 2 5§ it » TECRA B KT-ST 724 =48 % I {&# SEA ~ SEB ~ SEC; ~
SEC,~SEC;~SED Ek SEE &£ 7f#E%% » Bl REANTRIERRE » S SR ER
WEER » EEBERUEAHRESL » MEEHENGERRLIEERFAEFHEL o KT-ST
725 EHHBETEEREHA B~ C~ DREXA > (HRRERUABHE » BAS4ELEEER
o Rt EKER A RPRARIIZ BEREE » £NEE AR EIA &+ » eARA SET-EIA %
HRAE » (AEEEEEN SEE » #TrEEBikER LRVER o

E~ERZREREKE

BREEEIERNARRRIEMEA S G RE  MAREZE—t » BtARERRE
77T » Smith Bencivengo® RZH7ERERRHEA ELISA iR 4Rz SEA 28 » ¥R
FBEREHERNEE » RENSMFTEEUEEMALRT » i Ewald"® k Notermans &A“Y
HARRZEEFAUNIRALE pH (X 45 > RS AIBHEQEIRE LB~ EFH
¥ pH EEFAEANALEE » ZRARPZEER TR » Notermans A “Y RILL 10 &5
BB » TIAFREEBRARPL 10% 840 ~ RIBRIEREY REEREE ORISR E
BRI » s T BLIET e s S PR e R B o TR BABE S S R R MR AR B 2 SR R 2 » R
{5tk SET-EIA ZEFKRPBZKEBIEFTRRE o £+ &AM MR FREHERIEHEEN
HeXemEREBERAERN » JA EHESMEEHRAEBIAES  XERBIRARS=H
S8 W RSB REZ AR MR EHERE » DHBRRRREREESTE o

Reiser A © Sia‘ﬁml%ﬂ%af%Zfi%ﬁTﬁ 100 g &M 125~250 ng RS E &
FEEFHEARSRE RS o Bl—L SET-EIA EENRANERER S Elig » % SEA~SEB
~SEC, & SED #£/ 01~5ng/ml » HER 50 %mi#dh&A 5~250 ng ZIUMEE#ER » %
HEHR AR B R IS 0,987~ 0.980 ~ 0.977 K 0.977 o Tistisim 100 ng ZUERSBEFR
KR~ REERETH (D) » #EEF SEA REERIEFZ THEKER 85.1% »  Freed
A 9 EM 0.06~0.125 ug SEA # 100 g & RFTEEINZE 50~80% Kk Notermans %A 49 R
# AR SEA~ SEB~ SEC Ml SEE Z[Elkz 40~80% 24 HA0E » ERAR e+ SEC, &
SED Z@smAEkaREfE 8% L L » TUEBERZBRRBR NN 4.9~17.7%H

ARPERGS  EARERIESFANTRASMIMIZ /R ERYEBMEN » Wiencke R
Gilbert"? #z&iEMH 4 %M 3% Normal Rabbit Serum (NRS) 2z SHRERIEMK R R EYW
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TOXIN CONCENTRATION ( ng/ml )
M— Ul SET-EIA M¥4EEMAKBASHKEHEREREX SEA (@)~ SEB (@)~ SEC: (A)
R SED (M) Z&H R

Fig. 1. Standard curves for the determination of staphylococcal enterotoxins by SET-EIA
kit. @, SEA; @, SEB; A, SEC:; W, SED.

K= ARAKSPRINUESEEFEREBERZ KR

Table 2. Recovery of staphylococcal enterotoxins from food

Percentage of recovery (coefficient of variation)*
Sample
SEA SEB | SEC: | SED

Ham 71.8(11.8) 164.1(4.9) 125.6(13.0) 119.6(5.0)
Cooked rice 79.0( 6.4) 70.8(7.9) 84.8( 7.5) 79.6(7.4)

Milk 104.4(15.1) 138.6(5.4) 109.8(17.7) 95.2(5.7)

Mean 85.1(11.1) 124.5(6.1) ; 106.7(12.8) 98.1(6.0)

Factor

Ham 6.2( 8.3) 5.8(7.4) 5.4(10.6) 2.9(3.7)
Cooked rice 6.4( 4.5) 6.3(2.6) 6.1( 9.7) 2.8(4.1)

Milk 7.2( 6.4) 7.1(3.6) 6.9( 7.8) 4.4(3.8)

* Fifty gm of food spiked with 100ng of SEA, SEB, SEC: and SED, and detected by SET-EIA
kit, each value was presented as the average of triplicate.

ETBBRZON » WOERFE 405 nm TZRHEMEBRU 2+3s (= REWIHKEZFHENEE > s [
RIERIFEE) TE FE EAFR IR NERBRESIREBAELIZHBER » & F21
ETHAESAEEER AL BER » MREPSEL TR  TERBEIFRAEYELTE  FE
REMR 5~20 2R 102 FARB/EAB IR » AR 50 igkedim 100ng 4 ERE
8% » LU SET-EIA EHNRZKEREURE2MIERIE » A3t SEA~SEB R SEC, X2 F fE#
75 Ak o T SED $UERIAK 2~4 2/ » BR#E L SET-EIA FERMRA TS RAM » ¥ F{E
KR 5 BARRI M & A RS R > AT m & Ri0E 100ng 4
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C EETBERZRIERTE

R 50g eI M 5~%0ng Z SEA~SEB~SEC, ® SED s IIpu#& EIA FHEHR (=
S) o KEETRBTESRZREKRHEE SET-EIA £ 01~10ng/g » £H% SEA RERE
' ZHEREZRHERR 02ng/g s (B SED RIEBAEHS 08~1.0ng/g o KT-ST 725 ALl
SEB R SEC, RREEEHE » RREZ 02~0.4ng/g =7 SEA % SED REBX & 12~16
ng/g e ZH KT-ST 724 58 TECRA ¥ZUEBHERZEE » JURENES 02~06ng/g >
ZRNMR 04~06ng/g M » REUETERKAEEMRS50 g b‘iﬂ%‘l’?ﬁﬁi(ﬁﬁlZﬁﬁE”‘T%
80ng o Wieneke R Gilbert'*' ZIH3eH R gel diffusion HEBEEFHI 100g &5+
0.5 zg RS » THEM RPLA 7E:REIKRBREE » (213 100 g BEBTBERZ BREERRE 04~
4pg » Rt BRAAEETEERASTZ EXEEEREBESR » ETRBEREZEET »
BB R o

K= DEREEEMFANTARSTEERZRERHEE

Table 3. Minimum level of staphylococcal enterotoxins in foods detected
by commercial immunoassay kits

Minimum level of detection (ng/g)*
Sample SET-EIA KT-ST 725 KT-ST
. TECRA®
SEA SEB SEC, SED SEA ] SEB | SEC: | SED 724

Ham 0.2 0.2 ! 1.0 1.6 0.2 0.2 1.6 0.4 0.4
Cooked rice 0.2 0.8 0.4 ; 1.0 1.2 0.2 0.2 1.2 0.2 0.4

Milk 0.2 0.1 0.2 | 0.8 1.4 0.4 0.4 1.2 0.6 0.6

* Average of duplicate.

* Mixture of toxins, SEA:SEB:SEC1:SED=1:1:1:1 (w/w).
E-TEERRPERFZRE

SEOHERETRA DB IRAEEE  ARER 1990 4£9 AF 1991 46 A MinhpET&
196 frfrim » FPANRRHSREHERERHER 25% » KRB SRHBAE 16% » iR
AP ATE I 60 FARLOHECHARERHBRANS 27.3% (6/22) » KEKHS 250%
(5/20) RFBM 16.7% (3/18) ZHRBAERILE o XAXHRHE K EHHRBHHAR RS
' 7 3X10°CFU/g » RIRBM AR A K AR EBERA » %4 10°CFU/g LT o il TECRA %
MEZERRTRUBER » R UFLEBRBARUBERE » 1 SET-EIA % KT-ST
724 EAWR » AISRBHE EE o
RUBFELHFRAR (BHEEYZHDETHR RPLA HRKTREE » B2 &XaHERE
PREEBERIINR SEA) TESEMNBER » HHRA No. 4 ¥ ##EE 8.20 Log CFU/g
(& 1.6x10°CFU/g) » 354 SET-EIA F##M 50 g ##8-h RIS 16.7ng = SEA » EIRE
R 033ng/g o R TECRA /KRN BRI SEA » THRKBERKE (04ng/g) ER
BEF B ER SR - Noleto R Bergdoll 45 ¥ Bkt & 3 (4745 IR #GE 10° CFU/ml
IRf » FATREFI (AN ZIG R » Wieneke X Gilbert"” /R G A REEBIER 100
CFU/g » ML ELISA iR e SrhiB Bk A% « Hit » BHiEARSTRGRHLBES » 5
Eati S EWHRERITENZ 2 ShEE -+ FAREEEAR SPREBERZRER » &
TATRERR BB H B (S » MBS RAR R RN EAEHE TN ) RATEERERR S
WIERERF R AR ARG REEREARPIATHERTY © » AR T REEERERR
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Table 4. Detection of S. aureus and enterotoxins in foods involved in
outbreaks of food poisoning

No. Source of isolation Log CFU/g | SET-EIA (ng/g) | TECRA (ng/g) RPLA
No. 1 Cooked rice (kfR) 6.45 — e SEA
No. 2 Cooked rice (kfR) 6.97 — —_ SEA
No. 3 Cake (¥{FB—IER) 6.87 — as SEA
No. 4 Cake (BFB—HIXB) 8.20 0.33 — SEA
No. 5 | Cake (¥{FE—XKFEKEB) 4.68 — — SEA
No. 6 Cake (EfFE—LIH) 5.49 — — SEA
No. 7 Fried egg (RiZ%E) 4.43 — — SEA
No. 8 Steamed bread (f85H) — — — =
No. 9 Steamed bread (E83H) -5 — _ _
No. 10 | Soybean milk (Z#) - — _ _

—, Not detected.

PF7Hk » IREES AR R Z EREYE:

B SR B R BB » YR 2B SR CHBRER BB - EREFAAES
HEBEREIER » BRRR B ES » ARRTRGEERTTE @ » AMESBERRESR
HARFRIBES  BRAREARFEZRLERR AT (10 o BRTRER &R B RIR TR R
i 5 o TR T SRS P 2 SR B g0 B RO » B R OTR AT Z RS 7 kRN » TRESH
WEa (In SEE) fifikEezBER  AMEARFNRSZRRTEEN » (ITAR—
EYSE RN E RREE Tk — o

B2 £ X K
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