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Further Evaluation of Multiplex PCR for Rapid Detec- ~ DeogYongLee Jung:Eun Min, Esther Lee, Sung Hun Kim,
tion Of 53//770/76’//3 Typhl Hee-Bok Oh, and Mi-Sun Park

Typhoid fever is a class I legally designated communicable disease in Korea; and if Division of Enteric Bacterial Infections, Center for Infec-

remains as an important public health problem in many developing countries. It tious Diseases, Korea Centers for Disease Control and

takes at least 3-5 days to detect and identify Salmonella Typhi (S. Typhi) by classical Prevention, Seoul, Korea
diagnostic method. For this reason, multiplex PCR (mPCR) was evaluated in
detecting and identifying S. Typhi. In this study, forty-three bacterial strains, which
consisted of 42 Salmonella enterica serovars and one Citrobacter freundlii. were used
to evaluate the promptness of mPCR in detecting and identifying S. Typhi. mPCR
was performed with four genes which were known for representing Sa/monella
spp and/or S. Typhi: invA, fliC-d, viaB and prt. invA and prt gene was amplified in
all strains and viaB gene was in only S. Typhi. fliC-d gene was amplified in three
serovars: S. Typhi, 5. Schwarzengrund and S. Livingstone. After specificity test,
mPCR was modified as triplex PCR with three genes (invA, fliC-d, and viaB) and
the sensitivity test was performed against S. Typhi-inoculated stool samples. mPCR
was able to detect S. Typhi cell suspension of 1x10° cfu/mL. We found that modified
multiplex PCR was useful to detect S. Typhi from stool samples within 24h whereas
it takes 3-5days to detect by classic diagnosis method.
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Kumar 5-[9] o] &3k multiplex PCR (mPCR) 7]l th&]] E-o] =9}
WAEE SAT T EAS AR R sho] FE|F2 At Ae-S 9|8
P 0 2 XS] S-S 7} 30 2] AT Xy © s Aje

&
B Ao M= F
I} FEHRATE B3l FujollA] Beld Andat3<} Citrobacter
freundii, 12] 31 Ul HaE?] REdFE A AH8S)
Qo) ¥5F FFEE S Typhi (ATCC 9992), S, Typhimurium (ATCC
14028), S. Enteritidis (ATCC 13076), S. London (ATCC 8389), S.
Choleraesuis (ATCC 6958), S. Braenderup (ATCC-BAA6G4), S.
Virchow (ATCC 8390), S. Senftenberg (ATCC 8400) 5 & 8719]
55 AHESIA AL, 2 BEF=2= S Typhi 558 Z3ste] =]
of| Al Ee]&o] =2 HFE, = S Enteritidis, S, Typhimurium, S,
ParatyphiA, S, ParatyphiB, S. Infantis, S, Othmarschen, S, London,
S. Hillingdon, S. Braenderup, S. Virchow, S, Schwarzengrund,
S. Montevideo, S, Weltevreden, S, Senftenberg Z} 2529} Vi &1
S Wt = Ao w 4R Citrobacter freundiiE W&E& 052 8t
o T 43FE Aol AE-SFITE 2t el ik 5 W I Ee A
BT FlAld Tl HEA o2 glstglon, AdeulAl
MacConkey Agar (BD, Cockeysville, MD, USA)2} 3 Fa <21 TSA
(Tryptic soy agar, BD) w014 A6 wleste] A1%0] AHg-5hich
mPCRZEZ1 Kumar F[9]0] ZE3 #8314 npgo = 218 &
HaFATE Primers= invA (Accession No, U43273), viaB (Accession
No. D14156), fliC-d (Accession No. L21912) Z12] 37 prt (Accession
No. M29682) f-3d4}el| thated #|2HeFATH(Table 1), PCRE ¥4
(denaturation) 94°C/302%, &9 (annealing) 57°C-63T/90%, &
F(extension) 72°C/28-2] ZAs} oA 303] XP3tH 7, PCRAMHE
£ 15% agarose gelAol| A 100Ve] 270 & 3088 #7]|9% 3
% ethidium bromide2 @|As}e] EIIAT] HE Al FTF=2=
S. Typhi (ATCC 9992) & A}-83}93 1L, TSB (Tryptic Soy Broth, BD,
Cockeysville, MD, USA)ol| 4] 37°C 2] 2710 & &} vl k3 3 71AH
(1015 o]-&-3to] F-AA& FE3H 5 5% DNAZ AF-E-3F3iTh
mPCR] W A2 Fufjoll A Eel&o] & IS FEF
2qt& g 2 AT Al AFEE 4370 (152 B3

Table 1. Oligonucleotide Sequence of Target Primers Used in This Study

e I Arda} 2282 95% o) g2 2FA]s)L, Widal test2}
22 A AL Foll AEE S = Q= S Enteritidis®F 22D
IFe AP ES 23tk =g G A0 2ol Vi-g S
3= FARFE 7R 1L Y= A o = AR Citrobacter freundii 1572
o 2 ARSI /3] 20l el PCRE 388k0& 7
T i A B A 0 2 S EEQ ot A ek ¢52 PCR
Ay}= At} Annealing temperature S 63 CE 248432 73-9- 4

5 PCR WI=E 218 4= gllom], 437)) ol A] invA F-31AH=
Citrobacter freundiiZ | 9|3} 427 72| RE A} 3o A
It = AL, MIC-d 7] A5 Edo A} 2ol S, Typhis
x3}3le] S Schwarzengrund$} S, Livingstoneol| A7+ gkl F 1T},
viaB f-AA= S, Typhioll ATk 8159 11 Citrobacter freundiis 3.
et o E At PN GRIEA Uk prefA s AR
vz}t Citrobacter freundiiol| A 25 8Hel E QI cH(Table 2).

ol Aol AFEH AR imA FAARE At Bol
AREA BE ARt FE52H 07 g<lo] &= Aot}
[9]. viaB §-3A = & S vi-gkel ) B firkEa] A
Rllglt Fo| A= S, Paratyphi C2FS, Dublind} 3] A Z&5-2] &3
oA A = F 0= A gl ort S Paratyphi C#} S, Dublin
2 el A= 28] B o7} QIoH. 1F2- Citrobacter freundii®}
2E AR AGUAT A Vi-g e S s A9k ol o HE

R BoISHE AC-dF A St 2L B HAT 5 9SS

T A viaB)E 28l YA @k pre S bk Ay
Fo g Amdlglt Fol| A= S Typhi®t S Strasbourg, S, Paratyphi
A 2|3 S, Enteritidisoll A REEHRlo] # Ao 2 B =) ovh[9], A
A B Adrdeatola 3540 2 G2l HQ1a, tiE = A
3} Citrobacter freundiiol X% §2AFe] ZZo] F¢lo] Fo] mPCR
TAeIME wiAlskE Alo] AR slo g Belth(Table 2). Ardle}
T4 5o] FARRI invA F7121e] FE-2 ArdlE}ato] o - Bl A5
W AEdlebt o] A5 Rl st AR Z AN E o R R HE]
Oz F32= FQekA] & 310 2 HRltk

WA AALE Bl FAH A FA-RHinvA, viaB, (1iC-d)E bt
o 2 triplex PCRS AT A} vk gk A<kl 2
A ) Ardeire] g1 o 71E BR1E] 913 Solw AALE ¢

Primer Primer sequence 5' to 3' Target gene Amplicon size (bp) Position of primers GenBank (Accession No.)
InvAF CGAGCAGCCGCTTAGTATTGAG 78-999

i 4327
InvAR CCATCAAATTAGCGGAGGCTTC mA 881 1858-1837 uasers
ViaBF CACGCACCATCATTTCACCG viaB 738 165-184 D14156
ViaBR AACAGGCTGTAGCGATTTAGG 902-882
DhF GCTTAATGRCCAAGATGCCTAC 516-537

iC- 21912
DhR GAGCAACGCCAGTACCATCTG fit-a 587 1102-1082 ’
P TTTGGGTTCCTTGGATCA -404
rtF CGTTTGGGTTCCTTGGATCACG ort 369 383-40 M29682
PrtR CTATAATGGCGGCGGCGAGTTC 751-730
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Table 2. Amplification of target genes by multiplex PCR used in this study

Serovars Management No. InvA  ViaB  Dh Prt

1 ATCC 9992 + + + +
2 07-25 + + + +
3 S. Typhi 07-420 + + + +
4 07-1408 + + + +
5 07-1300 + + + +
6 07-5400 + + + +
7 ATCC 14028 + +
8 S. Typhimurium 07-823 + +
9 07-3208 + +
10 ATCC 13076 + - +
11 S Enteritidis 07-1409 + - +
12 07-1284 + - +
1S Paratyphi A 07419 N "
14 07-1293 + +
15 ) 07-2481 + - +
1 O Parabpni 07-4716 ‘ -
17 . 07-1076 + +

S. Infantis
18 07-4644 + +
19 S. Othmarschen or2t " » i
20 07-1395 + +
21 ATCC 8389 + +
22 S London 07-825 + +
23 07-2620 + +
24 S. Choleraesuis ATCC 6958 + - +
25 - 07-941 + +

S. Hillingdon
26 07-2291 + +
27 ATCC-BAAGG4 + - +
28 S Braenderup 07-6191 + +
29 07-5213 + = +
30 ATCC 8390 + +
31 S Virchow 07-2510 + +
32 07-3927 + +
33 06-2071 + +

S. Schwarzengrund
34 06-5198 + +
35 ) 07-2293 + +
I S. Montevideo 073121 . .
5 S. Weltevreden 0rtaad * - "
38 07-2464 + - +
39 ATCC 8400 + +
40 S Senftenberg 07-1376 + +
4 07-1377 + +
42 S Livingstone 04-1604 + + +
43 Citrobacter freundli +

3 el A EE&o] =2 87l HFS o2 APS A3t
Ak Aol AHg-E gl #5255 S Enteritidis (ATCC 13076), S.
Typhimurium (ATCC 14028),S. Typhi (ATCC 9992), S, Braenderup
(BAA-664), S, London (ATCC 8389), S. Paratyphi A (E2]5), S,
Infantis (2]5), S. Montevideo (F&]F)o|m] E¥L AE|FEA &
= abw o)) k] Aol i ke Al Bk el 4
EdlghtS HET A AFRNE 2 BHe T 4
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Figure 1. The specificity and sensitivity of modified multiplex PCR to detect S.
Typhi. (A) Specificity of multiplex PCR. invA gene was amplified all Salmonella
serovars but viaBand 7/iC-d was only S. Typhi by modified multiplex PCR. Al
Salmonella serovar was inoculated into human feces, concentration of 10° cfu/
mL. M. 100 bp DNA ladder; Lane 1. S. Enteritidis; Lane 2. S. Typhimurium; Lane
3. S. Typhi; Lane 4, S. Braenderup; Lane 5, S. London; Lane 6. S. ParatyphiA;
Lane 7, S. Infantis; Lane 8, S. Montevideo; Lane 9, Negative control (distiled
water). (B) Sensitivity of multiplex PCR. Modified multiplex PCR was able to
detect 10° cfu/mL of S. Typhi, which contained human feces. M, 100bp DNA
ladder; Lane 1, 107 cfu/mL; Lane 2, 10° cfu/mL; Lane 3, 10° cfu/mL; Lane 4,
10 cfu/mL; Lane 5, 10° cfu/mL; Lane 6, 10° cfu/mL; Lane 7, 10" cfu/mL; Lane
8, 10° cfu/mL; Lane 9, 0 cfu/mL; Lane 10, Positive control; Lane 11, Negative
control (distiled water).
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ol 2k TR Fjlo] HX] etth(Fig. 1A). B
o] HZE3LS, Typhit=10° cfu/mL &Jol X712 &A1& 4= Q1= wizke
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