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Figure 1. Detection specificity for clinical isolates of S. ryphi using PCR primer pairs ST1/ST2. Lane a: 100 bp
ladder. Lanes b-q : PCR products with target DNAs obtained by heat lysis of 10° bacterial cells from S. typhi ATCC
8427 (b): ISTO3 (c); ISTOS5 (d); ISTOR (e); ISTI12 (f); IST14 (g); IST20 (h); IST24 (1); IST 28 (j); IST31 (k); IST33
(1); IST36 (m); IST41 (n); IST45 (0); IST48 (p); and ISTS50 (). The PCR conditions were 94°C /20 sec, 58.5°C /20
sec, 72°C /30 sec. Total cycles for PCR were 35.
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Figure 2. Specificity for detection of nontyphoidal Salmonella and Enterobacteriaceae bacteria other than
Salmonella using PCR primers ST1/ST2 o Lane a; 100 bp ladder. Lanes b-o: PCR products with target DNAS
obtained by heat lysis of 10° cells from S. ryphi ATCC 8427 (b), S. tvphimurium ATCC 14028 (¢), §. enteritidis
ATCC 1376 (d), 8. agona TUF 9143A (e). S. infantis TUF 9142C (6, Escherichia coli ATCC 25922(g), Citrobuc-
ter freundii CCRC 12291(h). Klebsielia pnewmoniae CCRC 106921, Serratia marcescens CCRC 133880 ()),
Shigella flexneri CCRC 10772 (K), Yersinia enterocolivica CCRC 10807(1), Enterobacter aerogenes ATCC 13048
(m), Proteus vulgaris ATCC 8428 (n), and Erwinia carotovora CCRC 11298 (0). The PCR conditions used were 04
C/20 sec. 58.5°C /20 sec, 72°C /30 sec. Total cycles for PCR were 35,
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Table 1. Sources and dates of isolation for Salmonella typhi strains used in this study

Strain Region Date of Source Strain Region Date of Source
of 1solation of 1solation
designation isolation (month/year) designation 1solation (month/year)
ISTO1 B 2/1993 Pus® IST26 At i 9/1992 Blood
ISTO2 Rl 2/1993 Pus IST27 B il 9/1992 Blood
ISTO3 .HE 1 9/1994 NA® IST28 Pk = 10/1992 Blood
ISTO4 Mk b= 9/1994 NA IST29 de i 10/1992 Blood
ISTOS Jt it 9/1994 Bile IST30 290 11/1992 NA
ISTO6 IR K 9/1994 NA [ST31 =0l 3/1992 Blood
ISTO7 i) 8/1994 NA IST32 Mk [ 8/1992 Stool
ISTOY K [ 8/1994 NA IST33 5 ] 3/1992 Blood
ISTO9 Hk |5 4/1994 Blood [ST34 b 5/1992 Blood
IST10 B ] 5/1994 NA IST35 b 1 3/1992 Blood
ISTI1 < 11/1993 NA IST36 u o] 4/1992 Blood
IST12 ENEz 11/1993 NA IST38 5] 6/1992 Blood
ISTI13 8 ] 11/1993 NA IST39 ME [ 6/1992 Stool
IST14 b 12/1993 NA IST41 B e 0/1992 Blood
IST15 AT 4/1993 Blood IST42 Wk = 8/1992 Stool
IST16 quh 5/1993 NA IST43 Bl 9/1992 Blood
IST17 LR 2/1993 NA [ST44 Mk [ 10/1992 Blood
IST18 Mk I 3/1993 NA IST45 Mk [ 10/1992 Blood
IST19 s il 11/1993 NA IST46 Pk E 7/1992 Blood
IST20 SIS 11/1993 NA IST47 Bk & 7/1992 Blood
IST21 : i 8/1992 Blood [ST48 At 7/1992 Blood
IST22 At i 8/1992 Blood IST49 Pk =] 5/1992 Blood
IST23 A5l 8/1992 Blood IST50 A6 7/1992 NA
IST24 Fk [z 9/1992 Blood IST51 A 5/1992 Blood
IST25 M= 9/1992 Stool IST52 At 5 1/1992 Stool
2 NA : Not available
g
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Table 2. PCR specificity to §. typhi, other Salmonella 1solates and non-Salmonella 1solates

Species No. of strain tested No. of positive result
S. typhi from typhoid patients 50 50
S. typhi (ATCC 8427)? 1 1
S. typhimurium (ATCC 14028) 1 0
S. enteritidis (ATCC 1376) O
S. derby (TUF 7957A) 0
S. agona (TUF 9143A) 0
S. panama (USDA) 0
S. infantis (TUF 9142C) ()
S. muenchen (PT 625) s
S. weltevreden (PT 658) ()
S. kentuckey (USDA 1073A) 0
Escherichia coli (ATCC 25922) 0
Enterotoxigenic E. coli (ATCC 43896) O
Citrobacter freundii (CCRC 12291) ()
Klebsiella pneumonie (CCRC 10692) 4§
Serratia marcescens (CCRC 13880) ()
Shigella flexneri (CCRC 10772) ()
Shigella sonnei (CCRC 10773) 0
Yersinia enterocolitica (CCRC 10807) O
Enterobacter aerogenes( ATCC 13048) 0
Proteus vulgaris (ATCC 8427) ()
Erwinia carotovora (CCRC 11298) 0

“ Bactenal 1solates were obtained from American Type Culture Collection (ATCC), Rockville, MD, USA;
United States Department of Agriculture (USDA), Washington DC, USA; Culture Collection and Research

Center

(CCRC), Hsinchu,

Tokyo University of Fisheries (TUF), Tokyo, Japan.
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Figure 3. Sensitivity for PCR assay of S. ryphi strain

IST 32 using primers ST1/ST2. Lane a :

100 bp lad-

der ; lane b : negative control without target DNA;
lanes ¢-i : PCR products with DNA obtained by boil-
ing method from 10° (c), 10° (d) , 10% (e) , 10° (1),

104 (g) ., 10" (h) .

10° (i) CFU of IST32 , respectively.

The PCR conditions were 94°C /20 sec, 58.5 ‘C/20
sec, 72°C /30 sec. Total cycles for PCR were 35.
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Figure 4. Sensitivity for double PCR assay of §.
typhi strain IST32 using PCR primer pairs ST1/5T2.
Experimental conditions were as described in
Methods. Lane a: 100 bp ladder; lane b: negative
control without target DNA, lanes c-{: PCR products
with DNA obtained from 10’3 (c), 107 (d), 10! (e),

109 () of S. typhi IST32, rebpectwely. The PCR con-
ditions were 94°C /20 sec, 58.5°C /20 sec, 72°C /30
sec. Total cycles for each PCR were 30.

K {EJ o7 A ) H’iJ 'i"j{{{%"; H ,% ' A {HU f‘zﬂ{ & fJTI )F

E}; H _____ ) _ A

PCR M«Eﬂﬁ*%ﬂz g o ﬁtﬁz 102 108 m«‘@{-w-i“rﬁ S
tvphi [ FE IST 32 ZHW10 pla k2 % 1

AT IR R AT R HE 2 5 I HR B I 7 B
M5 R FE 5 10° CFU (B =) o PG » 347
" PCR ( double PCR ) » DI85 —k PCR ARy
DNA 1t Bt By BUR » 347 PCR » S L U

] 0{) CFU ( 1%’:1

U'—l ) o
145 38 4 ( typhoid
? /AP ﬁiﬁf e ]
PR ,;La? f[ Ei J /E'J fzﬁ yass %H W JEH I o IR
o AR 2 A {3‘ E.xﬂ{ {% '
TN (3) { ] B :
%ﬁcé S. typht > L“in'ﬂ *H’““*—"‘“"t%;’%fz
B o M “ﬁT ﬁ“ i i M e

A L

: :}ﬁﬂ 1 i‘i%l L,L {{«i ............ Aﬁ% } ...... ;{‘%‘;
) AT IR PCR Jx i U 1’%;: S
° IR Ur 5 4 -

I - B

ed PCR

IE

1 . s
¥

I
| T

PCR 7| 7o I Snng
ORE R AR _ﬁf;{J\PCRPj {L
K+ el HEXEE S f’»;ﬂw ,;;;. ﬂﬁ A f”{” i Efi

DA BB B PR S HE o i AR TS 0 Y R




Journal of Food and Drug Analysis. 1996. 4(1)

ST1/ST2 175 X PCR FZ fE >

5 L o B R

LA 1 ) :a]a AR 5 100 CFU

i

E]L] S {yp}” I** » 5%}"1&]' - {iPCR Z*ﬁﬁ. %gi ﬁ:
$3£10° CFU » fif A% ¥ PCR ( 5 PCR )
E!J a5 e H s ﬁ:\ 100 CFU » {0 _ﬁu_ ff e >
nf Hg wﬁf B@tu‘ ME 7 FEE o ARBIFFEH o B

LA T

i DNA 7wl 3 B

%+ BH K POR - 104 CFU » i LS
X PCR Hnl#te 3 %5 100 CFU o B 9% 0 ok
P 3 PCR # ﬁﬁ WA I ok B L i [ A

Bk R S typhi 2 kgl

ST

{H A B 55 R 0 L
/ST2 % PCR ,--:, f’ itk u ------- u\ PCR I A f

%5—1’ ﬁJr ﬁ 1AL S

B 40 1 00 35 20 j#ﬁmﬁ &
AL I (AR 08 r;%m

// ;{?ﬁ (ﬁ‘J ﬂ ;:::::;k ? pCR j 7 le \ ...... ':':i'_"_\

~ 1] 5 Y

HI Bk 2 i o

SRS GBS

"

A R B Sy P
- 84 %Hﬁ 1.4- *@*02 (3) >

TW-FSIS-4 (FG-Ta-140)) » 5 LLISERL » 45 i ad

o
Z2Z R
I. Salyers, A A. and Whitt, D.D. 1994, Bactenal

-

. Sack,
Immunologic Methods for the Diagnosis of

Levime, M.M., Grados, O., Gilman,

Pathogenesis: A Molecular Approach, pp.
229-243. ASM Press, Washington, DC. USA.
R.B., and Sack., D.A. 1992,

Infections by Enterobacteriaceae and
Vibrionaceae, pp. 482-488. In Rose, N.R., De
Macario, E.C., Fahey, J.L.., Friedman, H. and
(ed.) G.M. Manual of Clinical

L.aboratory Immunology, 4th Ed. American

Penn,

Society tor Micorbiology, Washington, D.C.

R.H.,
Woodward, E. Solzs Plaza, R , and Waldman,
W, 1978 Dmgnmtzt V&]w:: of Widai Test 1n

71

10.

. Rubin,

. Rubin, F.A., McWhirter, P.D., Punabi,

. Gannon,

. Tsen, H.Y., Liou, JJ W. and Lin, C.K.

Trop. Med. Hyg. 27:795-800.

. Wicks, A.C.B., Cruickshank, J.G., and

Musewe, N. 1974, Observations on the
Diagnosis of Typhoid Fever in an Endemic
Area. S. Afr. Med. J. 48:1368-1370.

. Gi1lman, R.H., Terminel, M., Levine, M.M.,

Hernandez-Mendoza, P., and Hornick, R.B.
1975. Relative Efficacy of Blood, Urine,
Rectal Swab, Bone Marrow, and Rose Spot

Cultures for Recovery of Salmonella typhi in
Typhoid Fever. Lancet. 1:1211-1213.

. Rubin, FA., Kopecko, D.J., Noon, K.F.,, and

Baron, L..S. 1985. Development of a DNA
Probe to Detect Salmonella typhi. J. Clin.
Microbiol. 22:600-605.

F.A., McWhirter, P.D., Burr, D.,
Punjabi, N.H., Lane, E., Kumala, S.,
Sudarmono, P., Pulungsih, S.P., Lesmana, M.,
Tyjaniadi, P., Sukri, N., and Hoffman, S.L.
1990. Rapid Diagnosis of Typhoid Fever
through ldentification of Salmonella typhi
within 18 Hours of Specimen Acquisition by
Culture of the Mononuclear Cell-platelet
Fraction of Blood. J. Clin. Microbiol. 28:825-
827.

N.H.,
Lane, E., Sudarmono, P., Pulungsih, S.P.,
Lesmana, M., Kumala, S. Kopecko, D.J., and
Hoftman, S.L. 1989. Use of a DNA Probe to
Detect Salmonella tvphi 1in the Blood of
Patients with Typhoid Fever. J. Clin.
Microbiol. 27:1112-1114.

V.P., King, R.K., Kim, J.Y.,
Golsteyn, T. 1992, Rapid and Sensitive
Method for Detection of Shiga-like Toxin-
producing Escherichia coli in Ground Beef
Using the Polymerase Chain Reaction. Appl.
Environ. Microbiol. 58:3809-3815.
Besessin, M.T., Luo, Q., Rotbart, H. A.,
M.J. and Ellison III, R.T. 1990,
Detection of Listeria monocytogenes by
Using the Polymerase Chain Reaction. Appl.
Environ. Microbiol. 56:2930-2932.

Blaser,

1994,
Possible Use of a Polymerase Chain Reaction
Method for Specific Detection of Salmonella



Journal of Food and Drug Analysis. 1996. 4(1)

12.

I3.

14.

15.

16.

17.

in Beef. J. Ferment. Bioeng. 77:137-143.

Hill, W.E., Stacey, S.P., Trucksess, M.W.,
Feng, P., Kaysner, C.A., and Lampel, K.A.
1991, Chain
Identification of Vibrio vulnificus 1n

Polymerase Reaction
Artificially Contaminated Oysters. Appl.
Environ. Microbiol. 57:707-711.

Song, J.H., Cho, H., Park, M.Y., Na, D.S.,
Moon, H.B. and Pai, C.H. 1993. Detection ot
Salmonella typhi in the Blood of Patients with
Typhoid Fever by Polymerase Chain
Reaction. J. Clin. Microbiol. 31:1439-1443.
Zen-Yoiji, H., Sakai, S., Terayama, 1., Kudoh,
Y., Itoh, T. 1985. Methods for Examination of
Enteropathogenic Bacteria, 4th Ed. pp.285-
294. Medicine Co. Tokyo, Japan.

Krieg, N.R. and Holt, J.G. 1984. Bergey = s
Manual of Systematic Bacteriology. VI, pp.
427-458. Williams & Willkins, MD. USA.
Wernars, K., Delfgou, E., Soentoro, P.S., and
Notermans, S. 1991. Successful Approach for
of of

Enterotoxigenic Escherichia coli in Minced

Detection Low Numbers
Meat by Using the Polymerase Chain
Reaction. Appl. Eviron. Microbiol. 57:1914-
1919.

Selander, R.K., Beleran, P., Smith, N.K.,
Helmuth, R., Rubin, F.A. , Kopecko, D.J.,
Ferris, K., Tall, B.O., Cravioto, A.,

Musser, J.M. 1990. Evolutionary Genetic

and

Relationships of Clones of Salmonella

18.

19.

20.

21.

23.

Serovars that Cause Human Typhoid and
Other Enteric Fever. Infect. Immun. 58:2262-
2275.

Pang. T., Altwegg, T.M., Martinetti, G., Koh,
C.L., and Puthucheary, S. 1992. Genetic
Variation among Malaysian Isolates of
Salmonella typhimurium as Detected by
Ribosomal RNA Gene Restriction Pantterns.
Microbiol. Immunol. 36:539-543.
McClelland, R.G. and Pinder, A.C. 1992.
Detection of Salmonella typhimurium 1n
Dairy Products with Flow Cytometry and
Monoclonal Antibodies. Appl. Environ.
Microbiol. 60:4255-4262.

JRSCRE, KO KR . 1985, v G AR
SRV 2 i 1. bR R

Usera. M.A., Popovic, T., Bopp, C.A., and
Strockbine, N.A. 1994, Molecular Subtyping
of Salmonella enteritidis Phage Type 8
Strains from the United States. J. Clin.
Microbiol. 32:194-198.

. Frankel, G., Newton, S.M.C., Schoolwik,

G.K., and Stocker, B.A.D. 1989. Unique
Sequences in Region VI of the Flagellin Gene
of Salmonella ryphi. Mol. Microbiol. 3:1379-
1383.

Wei, L. and Joys, T.M. 1985. Covalent
Structure of Three Phase-1 Flagellar Filament
Proteins of Salmonella. J. Mol. Biol. 186:791-
803.



.......

Journal of Food and Drug Analysis. 1995. 4(1)

Use of Polymerase Chain Reaction (PCR) Method for the
Rapid Identification of Salmonella typhi

PEY-RU LIU, TIEN-KUEI WANG*, CHIEN-KU LIN** TZU-MING
PANG* AND HAU-YANG TSEN

Department of Food Science, National Chung-Hsing University, Taichun g, Taiwan, R.O.C.

*National Institute of Preventive Medicine, Department of Health, Executive Yuan, Taipei, Taiwan, R.0O.C.

“*Department of Food Nutrition, Hung-Kuang Institute of Nursing and
Medical Technology, Shalu, Taiwan, R.O.C,

ABSTRACT

In order to evaluate the applicability for using
the polymerase chain reaction (PCR) method to
replace the conventional biotyping and serotyping
method for identification of Salmonella typhi iso-
lated from suspected typhoid patients, PCR
primers derived from the H1-d gene coding for S.
typhi flagellin were used for the identification of
S. typhi strains obtained from the Institute of
Preventive Medicine, Taipei, Taiwan. All 50 S.

typhi 1solates were capable of generating positive
reactions. In addition , Salmonella isolates other
than S. ryphi and non-Salmonella isolates includ-

Key words : Polymerase chain reaction, Salmonella typhi.

ing strains of Enterobacteriaceae did not yield
positive reaction. Study on the detection sensitiv-
ity for this PCR system shows that when single
PCR running was performed, the minimal cell
number required to give a positive reaction was
10 . However , when double PCR running was
performed, the detection sensitivity increased to
10 CFU. Therefore, these preliminary data indi-
cates that PCR is a rapid and reliable method that
can be used for the identification of S. tvphi
responsible for sporadic typhoid cases.
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