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Genomic Characteristics and ldentification of Salmonella enterica
serovars Typhi and Paratyphi A Using Multiplex PCR
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Background: Salmonella enterica serovars often have
a broad host range and cause some gastrointestinal
and systemic diseases. The diagnosis of typhoid fe-
ver or paratyphoid fever is made by ordinary culture
methods and biochemical tests. However, a more
rapid and alternative method of diagnosing these dis-
eases is in need since the classical diagnostic meth-
od requires several days for a result. Some resear-
chers have already reported serovar Typhi detection
methods with PCR using the fliC-d gene and the Vi
capsular antigen gene.

Methods: Thirty-six Salmonella strains isolated at Pusan
National University Hospital from 1997 to 2004 were
used for a rapid identification of S. enterica serovars
Typhi and Paratyphi A with multiplex PCR that uses
the O (rfbE, rfbS), H (fliC-d, fliC-a), and Vi (viaB) anti-
gen genes. To further characterize these Salmonella
strains, we used PCR to detect genes (invA and en-
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terotoxin) for proposed virulence factors and per-
formed antimicrobial susceptibility testing, serotyping
and pulsed-field gel electrophoresis for epidemio-
logical characteristics.

Results: Most strains were resistant to ampicillin. By
PCR, tyv, prt, fliC-d and viaB genes were detected in
serovar Typhi, whereas only fliC-a and prt genes
were found in serovar Paratyphi A. In addition, invA
and enterotoxin genes were detected in both strains.
Conclusion: This method enabled us to identify and
differentiate serovars Typhi and Paratyphi A by only
a single PCR assay. That is, clinically important hu-
man pathogens were more rapidly and specifically
detected and identified with multiplex PCR. (Korean J
Clin Microbiol 2007;10:6-13)
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ratyphi, Multiplex PCR, Genotype

Typhi7k 22+ 15.8%%} 7.9%5 XHAsEel o, o] & 3714 84
ol AAsh= ‘__‘F_t 2 72.7%E Barslieh2]. E3] Typhi
© AlAIR o2 FHolr|ote} FidolA|otollA] fralsle -2t
gl A F HEE Uehle - olA < 5ol §
2| 2t A] %FJ% gAte] whgo] Zolug FAlell Yol
YAFE A S5 JrH3]. 28U Park S1]8] Kol
w2 goll A= vhE I7tollAEet Typhi B! Paratyphi®]
Balgo] =9kom Paratyphit 200210l 305%2 1:}—% 32 10
W olgo] ZAZEEoe] wig SHdt S vehldy, 53
Typhi2] 7% 200135 Alelstae= mid D43 %?7} Az
e Ao Hol FEAQ Zlor AzbHrt wsk A 104
Aolle EeWl=7F uu|PY Paratyphi AT A Eeule
7} ZolH 3 HZoll= Paratyphi A2] quinoloneA] SH3A] WA
EE oA e ZloE Hawdrh4).

FE kAol A o] dit R b o 2 ghapibAio]
As| F7ksla A Ardes AEsy] 913 AEH
-2 gubs oz Aok, Aelalok vl Azl A4 Ad
v @A AAE ol8sle] Helsla sAHERE a3t
2~5%90] A@ax]o] z7]d HEsle] AFES Acksl ol W

1

ro mfy

7

o

-

3



Ji-Young Moon, et al. :

fot,

bl

¢

ofigo] glem[s6], AA FeluvetlAe 242
A e o] FTAL FEElo] ey
7} HEEE 97 B, AEFAE Adse WHER
Slell IR, Al EZA ol 0] &5
Y-S AAse A 5 G4 Adell La¥ e
N e i 2 5] 5l
£ Q57| E 1 Widal HHHAE
A A4 HHEE °El:rLE] Rt o=l
A FEEe] ZHelA AL} 013"5}[7 8]. o213 FA
= 1T wf 7|29 Ak Bkl ASeA A&
A 1ol E4e] H it ,4 B2 AEeke]
71 ol vk ARl e Fo ARdel Aol st
Al WA, phaged Wk obdEl EAE Zckel] QlolA = F
38 Ao s)uh-S(polymerase chain reaction, PCR)[9,10]5 ©]-&
sol B4 FAAE BEFeH Ao T el Bt
At n'botyplng 9l pulse-field gel electrophoresis (PFGE)[4,11,
12 01.9_"‘]— X]-/K ‘:"6‘]—7(4 0:‘ o]— ] _4 7].]1:11—0] _9]—!:! ] 27(]
5] <~ M—JIL =
218h8 Z Aol A phage typing €]l ribotypingt} PFGE, random
amplified polymorphic DNA (RAPD) 5-°] 73] 43} A
7 29| Aol §-gslta Baslglel(3,13-17). whebA] ZEl
Foog 2ol MET Fikebl AR 5 Y AZE A
el ool AZIERA SR U o 8 LuuleE
o WY BAS B YU A4 9 A4 AT 4%
F7h 41 gl AAskeha & 4 ek
B AoA s dA7HAENA Eeld Salmonella enterica

1_,
_“m N‘E.
X0, oN ox o

h‘H

i
=

1rm

T Al

= ‘:Tol—“ ST

,d
o

O

:g

58] AP 52 AnhH oz bk AbE| e

Identification of Salmonella enterica serovars Typhi and Paratyphi A 7

serovar Typhi®} Paratyphi A9] 2143k I 545 $3}o]
Ak dlglgtol Eolzol e F25 o] &3 multiplex PCR
HE AAsa, HUelALe] 72, antibiogram 9, RAPD H
PFGEH& o] £ genomic DNA & AA|sto] ExAE3}
A A ZE AT eEN Al 34 F digeldl A=
28 7 A Azl tigk ZAAAIE FEste] Feld
Q1 AH #e] Wjks viAsaAl gl

R

L. &F

19973 % €] 20043714 8ol Ax A Habrietag <l 21
ZAAkel 3t atol|A] o, A Bl o 5o AIAeNA el
serovar Typhi 237<F¢} serovar Paratyphi A 13775 AlQ T
2 A-gsisich

2. PCRE0] et 7 E2| S8 ¥ AKXl AHE

E A

Serovar Typhi®} Paratyphi A2] A&3g A 54 &lS
$Isked O (#1fBE, 1bS), H (fliC-d, fliC-a) L83l Vi (viaB) &<
FAAE o] &3slo] multiplex PCRY-S AAIsI3 0, 77+

A -SR] 7428 primere Table 13} 7Eo] oligonucleotides
2 skl ASaalchis] EY Awdeize] Wil
invA AR &S 9138k primerZF Primer set SIN-1,
SIN-2 (TaKaRa Biomedicals, Otsu, Japan) 2|1 AR}t
9] enterotoxin FAALS] ZHEE I8 primerZE STN-1,
STN-2 (TaKaRa Biochemical)E- *]-%—3]-01 PCR ofele] v

Table 1. Primers for multiplex PCR amplification of Salmonella enterica serovars Typhi and Paratyphi A

Amplified fragment

Target gene Primer pair Length (bp) size (bp) Source
Vs
v (ifbE)
tyv-s 5’-GAG GAA GGG AAA TGA AGC TTT T-3° 22 615 M29682
tyv-as 5’-TAG CAA ACT GTC TCC CAC CAT AC-3’ 23 M29682
prt (rfbS)
parat-s 5’-CTT GCT ATG GAA GAC ATA ACG AAC C-3° 25 258 M29682
parat-as 5’-CGT CTC CAT CAA AAG CTC CAT AGA-3’ 24 M29682
viaB
vi-s 5’-GTT ATT TCA GCA TAA GGA G-3’ 19 439 D14156
vi-as 5’-CTT CCA TAC CAC TTT CCG-3’ 18 D14156
JiC
fliCcom-s 5’-AAT CAA CAA CAA CCT GCA GCG-3° 21 L21912
fliCd-as 5’-GCA TAG CCA CCA TCA ATA ACC-3’ 21 L21912
fliCa-as 5’-TAG TGC TTA ATG TAG CCG AAG G-3’ 22 X03393
fliCcom-fliCd-as 750 (489)*
fliCcom-fliCa-as 329

*Number in parentheses represents size of PCR product of H :j gene.
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A. S. Typhi B. S. Paratyphi A
M M

<+—fliC-d gene
< tyv gene
<4+——viaB gene <«— fliC-d gene
<— prt gene
<+— prt gene

Fig. 1. Identification of Salmonella serovar Typhi (A) and Paratyphi
A (B) by multiplex PCR. The PCR products were separated by 2%
agarose gel electerophoresis. Lane M: phage @X174 DNA digested
with Haelll (molecular size marker).

Fto] AAJslSt). APTFE DNA 352 AAsA &
7Fd¥ o F LB broth 5 mLoll FE3le] 37°C, 18417+ A&
3t g 95°CollA 10427 7hdstkaL, A He —20°C ¥

alof] Mgl Fvkrh Adlel] A-833ick O (fbE, 1DS), H
(fliC-d, fliC-a) 12| 3L Vi (viaB) & AR HAES S8t =
g ohat 2k &, G 95°C, 3027 AAskL, 60
Z7F 55°CollA] annealing@}H4, 90%7F 72°C AAIA S 25 cy-
clesZ 3} thermal cycler (PTC-100, MJ Research Inc.,
Waltham, MA, USA)ol|l4 AA|skglar, Amdlgbo] Heielzt
invAS} enterotoxin AAS] HAES 93t ZFIAH L TaKaRa
manualol] v} 94°C, 5E7F oflu|7hedst &, duiA] 94°C, 302
7k AAJslar, 3027k 55°Coll4] annealing@H4, 307k 72°C Al
A S 20 cycless AABIATE 272 PCR 5354 10 ¢
Lo} BEA}eF A 2K ¢ X174 Haelll digested: TaKaRa Biomedi-
cals)E 2% agarose geloll A 7]%dF3}3, DNA 542 UVl
4] ethidium bromide (EtBr) %34slo] $1%5 glsiir}.
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A A A1¢d2 ampicillin (Am), carbenicillin (Cb), ce-
foxitin (Cfx), chloramphenicol (C), nalidixic acid (Na), tetracy-
cline (Te), trimethoprim/sulfameth oxazole (TMP/SMX) & 7%
Froll tig}te] Clinical and Laboratory Standards Institute (CLSI)
o] Wl whe} vaa BiS AAsITH19).

4. Genomic DNAS| SHAISH

(1) AP-PCRZ 0|28} random amplified polymorphic DNA
(RAPD)&H: 51484 DNAQ| 2l A FFE LB g2l
AellA 37°C 24417 wieket 3 1709 AEbe Adeistod
Wizard Genomic DNA Purification Kit (Promega, Madison, WI,
USA)E A-23}3, primers= RAPD Analysis Primer Set (Ame-
rsham Pharmacia Biotech, Piscataway, NJ, USA)2] 6% pri-

<— invA gene < ENT gene

Fig. 2. Agarose gel electrophoresis of PCR products targeting inv4
(A) and enterotoxin (B) genes. Sizes of inv4 gene and enterotoxin
gene PCR products were 378 bp and 264 bp, respectively. Lane M:
phage @X174 DNA digested with Haelll (molecular size marker).

mers <, primer 1 (5-GGTGCGGGAA-3"), primer 2 (5’-GTT-
TCGCTCC-3"), primer 3 (5-GTAGACCCGT -3°), primer 4 (5'-
AAGAGCCCGT-3’), primer 5 (5’-AACGCGCAAC-3’), primer
6 (5-CCCGTCAGCA-3 )&+ A-&3lolet. SFIA 2 95°C 4
B2 AR7FAEE %, GHA 95°C 127 AATSEAL 36°Coll A 1
£7} annealingZHg 72°C 287+ A4S 45 cycles AA6FS
v}, BExl2F FAALZ phage OX174 Haelll digested (TaKaRa
Biomedicals)2} phage A DNA HindIll digestedS AH&3}30.0
v, 1.5% agarose geloll4] Z7]d53l3, DNA ¥ UVslol|
A EtBr s1Asto] #QlagirH20].

(2) Pulsed-field gel electrophoresis®: 51494 DNA2] H&|+=
GenePath Universal Module (Bio-Rad Laboratories, Hercules,
CA, USA)¢} GenePath Kit (Bio-Rad)E- ©]-8-5}¢] Bio-Rad man-
ualol] W} plug moldE A|zs}a AStE L XpalS Helslsd
t}. PFGEX CHEF-DR III system (Bio-Rad)& AR&3}9aL
1.0% pulsed-field certified agarose gell| initial pulse 53, final
pulse 452, 6 V/eme] ZA 02 14°CollA 22417 A7) 53}
of 2lsigict.

2
1. PCRY0] ofet & 22| SE I HRAUKIS| AE

Serovars Typhi®} Paratyphi A2] A48 A 574 &l
st BE AHHFFE o Z FAol multiplex PCR™
AA8F 3= Table 294 2%t} Serovar Typhi®] 7% pyv,
prt, fliC-d$} viaB AR} B 755 HPY serovar Paraty-
phi A2 735 fliC-a%} prt -FAAPro] IE G A(Fig. 1), T &
sk W4zl invASt enterotoxin A B E FFE0] &

7} 378 bpst 264 bpellA] FA o2 BIEISIthFig. 2).
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Table 2. Distribution of Salmonella serovar Typhi and Paratyphi A isolates by antibiogram, multiplex PCR, virulence factors. RAPD, and PFGE

Multiplex PCR Virulence factors
Strain No. Antibiogram RAPD PFGE
v flic-d viaB fliC-a prt invA4 ENT

1 S. Typhi AmCfxCNaTe 1 + + + — + + + A 1
2 " AmCfxNa 11 + + + — + + + B I
3 ” Am VI + + + — + + + B lI-a
4 ” Am VI + + + - + + + B IV-a
5 ” Am VI + + + — + + + B V-a
6 ” Am VI + + + - + + + B V-b
7 " AmCfx v + + + — + + + B v
8 " AmCfxCNaTe 1 + + + — + + + A V-c
9 ” AmCfx v + + + - + + + B VI
10 ” AmCfx v + + + — + + + B V-c
11 " AmCfx v + + + — + + + B 1I-b
12 " AmCfx v + + + — + + + B II-c
13 " AmCfx v + + + — + + + B Vil
14 " AmCfx v + + + — + + + B V-a
15 " Am VI + + + — + + + B VI
16 " Am VI + + + — + + + B IX
17 " Am VI + + + — + + + B V-a
18 " Am VI + + + — + + + B V-b
19 " AmCfx v + + + — + + + B v-a
20 " AmNa \% + + + — + + + B X
21 ” Am VI + + + - + + + B X1
22 " Am VI + + + — + + + B 1I-b
23 " Am VI + + + — + + + B 1I-b
24 S. Paratyphi A Am VI — - — + + + + a I-a
25 " AmNa \% — — — + + + + a I-b
26 " AmNa \'% - - — + + + + a I-b
27 ” AmNa A% — - - + + + + a I-b
28 ” AmNa v - — — + + + + a I-b
29 ” AmNa A% — - - + + + + a I-b
30 " Am VI — — — + + + + a I-a
31 " AmNa \'% - — — + + + + a I-b
32 " AmNa \'% — — — + + + + a I-b
33 n AmNa v - — - + + + + a I-b
34 ” AmNa A% — — - + + + + a I-b
35 ” AmNa v - — — + + + + a I-b
36 ” Am VI — — — + + + + a I-a

V& (AmNa)o] 11775530.6%), IV¥(AmCfx)o] 83F
F(22.2%) 8] 3L UHA] I3 (AmCExCNaTe), 113 (AmCfxCNa-
Te), 1% (AmCExNa)>- 27+ 199952.8%) % WEbgeh wehA]
AETE BT Amell WS Vel ow, 4714] o] 43€] <k
Aol A A& Vel FF= 29l B3kt U2
FE0] 1~2709] FARE WAS el

3. Genomic DNAS| XX}t &

Salmonella 367F52] RAPD B! PFGE ¥* 2] Z3}+= Table
29} 7t} 6579 primersZA] RAPDH S AAg A3} tjH-E2
EY3 ARG E serovar Typhi 23755 2572 Az

HE B 4 A9, serovar Paratyphi A 137975+ B+

Ké

93 FHS vehldrh PFGEW S A% ZF= serovar
Typhi®} Paratyphi AE A|ZHEA Xbaloll 23k DNAEH <F4]
o2 FAAE nlasle] 13, 19 ¥ MEPLoE 9oz s}
Atk DNAEHL oF 13~ 16702 Z7]E 40 kbl 500 kboll

=ZL px
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velose epimerases =351 CDP-paratose S CDP-tyveloseol|
H31X)7] = d] 9lo] frameshift FAHo]E L 2A 1 bp7} 4HA)]
%]o] CDP-tyvelose epimerases &4its| AJAFsIA] k3 v
ZALE] codon 4E stop codonoZ A3EA| 71t} 32]. wlebA] v
AR serovar Paratyphi AollA+ 74Z%|A] 9kl serovar
Typhiell 50]3<l primers HAFIs}7] f1ste] 919] AAl 7
B85 Agstget 2 A3 S Typhi®l 735 prt, tyv, viaB, fliC-d
A2 47 bandE K.o]:= HHH, S. Paratyphi A2] 73 pre2}
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