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Pulsed-Field Gel Electrophoresis Pattern, Phage Type and Drug
Susceptibility of Salmonella typhi Isolates from an
Outbreak in Pusan City in 1996

Young Hack Shin, PhD., Jung Sik Yoo, MSc., Mi Sun Park, MSc., Yeun Ho Kang, BSc.
Bok Kwon Lee, MSc. and Ho Hoon Kim, DVM., PhD.

Department of microbiology, Laboratory of epidemiology and Laboratory
of enteric bacteria’, National Instiutes of Health, Seoul, Korea

Background : During the period from April to June 1996, an outbreak of typhoid fever
occurred in SuYoung-Ku, Pusan city. We performed the molecular epidemiological analy-

sis and drug susceptibility test for 48 isolates of Salmonella typhi from the outbreak.

Methods : Chromosomal DNA of S. typhi was digested with the restriction endo-
nuclease Spe I and the resulting restriction polymorphism was observed on pulsed
field gel electrophoresis(PFGE). Phage typing was performed using Vi-phages, and

antimicrobial susceptibility test was done by Disc diffusion method.

Results : On phage typing, 2 isolates were M1 phage type, 2 E1 phage type and
44 untypable. The PFGE analysis on 14 to 16 chromosomal DNA restriction
fragments ranged from 50Kb to 1000kb showed 2 different patterns fo restriction
fragments, divided into group A and B. Forty-seven isolates belonged to group A
that were subgrouped into Al1(42 strains), A2(1 strain), A3(3 strains), A4(1 strain),
and one strain was grouped into group B. In the F-value of genetic similarity of the
epidemic S. typhi strains, there was low similarity(F value:0.2-0.258) between group
A strains and group B strains. However, the subgroup strains(Al1-A4) showed high
similarity(F value: 0.8-0.897) each other. The drug susceptibility test showed suscep-
tibility to ampicillin, carbenicillin, cephalothin, chloramphenicol, tobramycin, gentamycin,
kanamycin, nalidixic acid, neomycin, polymyxin B, streptomycin, tetracycline, trime-

thoprim-sulfamethoxazole, ciprofloxacin and norfloxacin.

Conclusion : This study showed that phage typing and PFGE were very useful as

a tool to investigate molecular analyses of epidemic S. typhi strains this study.

Key Words : Salmonella typhi, Phage typing, Pulsed—field gel electrophoresis, anti-

microbial, susceptibility
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2. INE Al

FEFa7re FAAE AlFe G dAhAA Cen-
tral Public Health Laboratory(CPHL)Z4-¥ %

92 phage® AlGetth A1Edld & nutrient

SAom doblr F 3le AR HAHgEE nd

nutrient FIHIA] Qo] TAsA =L TS nu-

Test Dilution)® ZE¥ Z+ &9 Vi phaged<

t2a g4ibHol| whel ampicillin,  carbenicillin,
cephalothin, chloramphenicol, tobramycin, genta-
mycin, kanamycin, nalidixic acid, neomycin, po-
lymyxin B, streptomycin, tetracycline, trime-
thoprim-sulfamethoxazole, ciprofloxacin, norflo-
xacin & 15% oAl gk A AES sh

FdA| tlz=3= BBLAF AlFS AHESATh ddAlS

FRE ARgstel Aguvi 2z, #8

B} RE 272 NCCLSHol #3seH?,
4. PFGEEZ 98t ¥M%| DNA &=H|

FEF2~ dFE nutrient DA wiA] HEFEHA
37CAA B (650nmel Al O.D 0.4) 4Col
A dAEEete] #AE F54e H 10mM  Tris-
HCI(pH7.5)-1M NaClZ A3 5 72& %o low-
agarose(Sigma)2} 4 insert
mould(Phamacia)el 231 4TCelA 10&7F =3,
Agarose blockeS 37ColA
(2mg lysozyme per ml, in 6mM Tris-HCl, ImM
NaCl, 100mM EDTA, 05% Brij. 0.22% deo-
xycholate, 0.5% Sarkosyl , Sigma)el 2] 1843t
HHS-A17]aL o]ojA] AR AAE 918l protei-
nase K Img/ml, 05% EDTA, 0.5% sarkosyl
(Sigma)°] Eo1dE A 50T, 48417+ B W&

AH ME A7A7]9 proteinase AAE A3 1mM

melting point

lysozyme solution



phenylmethyl sulfonyl fluoride(Sigma)”} *7}€
TE buffer® A-20lA 2417t &<t 33 A&sta 42
oAl TE bufferel 2417t &< FH3IAIZ] 7 A=
TE bufferel do] 4CeolA HaspHA Aol A&
e,

5. MX DNA HstEAN2| Y PFGE

Restriction  buffer(6mM  Tris-HCl, 6mM
MgCl, 50mM NaCl, ImM DTT) 200xell 2417t &
oF HY3IA 13 18U(1/2 sized agarose block)2]
Spe 1 (5-ACTAGT-3,
striction bufferoll il 184135t vHAIH L A g
&2 A3 agarose blockS 1% agarose gel9
wellel Y3 0.5XTBEE 9% buffer® 3o 6V/
cm, pulse time 3-50%, run time 26A17F2] Ao
2 Gene Navigator(Pharmacia)Z o]-&3] A7]9%
skt A9 Ee] ¥ 1pxg/ml ETBr(Sigma)®
3047 AAEkaL 208 BoF B A 2 slell
A #9339tk DNA standard markerZ+ Pro-

megart?] PRGE4 Lamda ladder® AH&atgich?

Promega)el X%%¥ re-

6. PFGE 24 =4

PFGE ZA¥+= Tenover 59 Wgol weh 7 w5
o] DNA 9A17 v #£89] 7} 671 olakel 4§

= Z& groupdll &g o= T o]del A
o2 groupdl &3
groupdl &3t TFE
o we} Al subgrouping stk 2]
subgroupAtel 9] FA% FAIE= ofS ALk
A3} st 1 Fhe o]83}e] dendrogram
state] AT Ftel 1o 7MhESE fAL

=0 Z‘\]P_f—'_ ?—5]-‘2:‘,‘1:]-1' 11, 13)‘

A,

lo 1>

F (coefficient of similarity) = 2ny,/ (ny+ny)

T x9 #A DNA
ny 5 yo AA DNA
o}

ya#F7h T8t 9= DNARFS

w85
g5

2 o
1. CHat @F| 22|

A g e 32k S typhi ol EEH

Table 1. Age and Sex Distribution of Typhoid
Fever Patient with S, typhi Isolates
Among the Outbreak Cases at SuYoung
Ku, Pusan City in 1996 Apr.to June

Sex
Age Total
Male Female
0- 4 2 - 2
5-9 4 - 4
10-14 2 6 8
15-19 6 2 8
20-24 2 6 8
25-29 1 3 4
30-34 - 2 2
35-39 - 1 1
40-44 - 4 4
45-49 - 3 3
50-54 1 3 4
Total 18 30 48
of rPRAYANA ERle] ¥ #F 4855 & A g
WEREE St o F o4 xeny Feon i
7} 305, 94 FAEFEH 2" dFt 18F
o) #FEo| Hely BAES AYRIE Y 4
2 20U olste] dEFoIAA vhA) o] B
= 1041014 4M7HA o] A= Foll =3xS TH Table
A=)

D). °lg #FEc] Eed A5 BHUL2 19964
2

49 23¥45H 6¥€ 2297MA A H(Table
2. BAA 2SN YN U TR

S. typhi 48719 EE]Fol tisle] tjxa by
W&} ampicillin 9 14 dig 354 AF A9
4e B #FE 1575 f1Hh phaged-S M1
F7F 25, E19 oF7F 27 lom 1 9 4M47FE
Vi ¥4<¢ phaged MHEF(untypable) w5
(Table 2).

r e = 2

o

3. PFGE 2kt

A'EA Spe 1 0Z S. typhi 481FE A8 3lo]
PFGEE 3 A%, #¥9 A7|7} 50KbelAl 1000Kb

[e]
F7} F93 (A group)dl £EE Aow
gl 9x 2 ol wet su-
bgrouping ¥ A3} BT 4709 subgrouplE Al
HAtH(Fig. 1, 2, Table 2). A group W9l w5

- 203 -



Table 2. Phage Type, Drug Resistance Pattern and PFGE Pattern of S. typhi Isolates from on Outbreak in
SuYoung Ku, Pusan, in 1996

Drug resistance Designation of PFGE

Serial No. Strain No. Date of onset Phage type
pattern Group Subgroup
1 561 423 UT", Vi+ =T A Al
2 407 4.26 El - A A2
3 652 54 UT, Vi+ — A Al
4 396 5.8 UT, Vi+ - A Al
5 398 58 UT, Vi+ - A Al
6 393 59 UT, Vi+ - A Al
7 394 5.10 UT, Vi+ - A Al
8 397 5.10 UT, Vi+ - A Al
9 439 5.11 UT, Vi+ — A Al
10 458 5.11 UT, Vi+ — A Al
11 395 513 UT, Vi+ - A Al
12 442 513 UT, Vi+ — A Al
13 401 5.14 UT, Vi+ — A Al
14 411 5.14 UT, Vi+ — A Al
15 405 515 UT, Vi+ - A Al
16 410 515 UT, Vi+ - A Al
17 408 5.16 UT, Vi+ - A Al
18 560 5.16 UT, Vi+ - A Al
19 400 517 UT, Vi+ - A Al
20 402 518 UT, Vi+ - A Al
21 403 5.18 UT, Vi+ - A Al
22 406 5.18 UT, Vi+ - A Al
23 409 5.18 UT, Vi+ - A Al
24 440 5.18 UT, Vi+ - A Al
25 441 5.18 UT, Vi+ - A Al
26 399 5.20 UT, Vi+ - A Al
27 404 5.21 UT, Vi+ — A Al
28 443 523 UT, Vi+ - A Al
29 454 523 UT, Vi+ - A Al
30 455 523 UT, Vi+ - A Al
31 457 525 UT, Vi+ - A Al
32 647 6.1 UT, Vi+ — A Al
33 558 6.2 M1 - A Al
34 559 6.2 M1 - A Al
35 646 6.7 UT, Vi+ - A Al
36 648 6.8 UT, Vi+ - A Al
37 649 6.9 UT, Vi+ - A Al
38 764 6.13 UT, Vi+ - A Al
39 678 6.13 UT, Vi+ — A A3
40 710 6.13 UT, Vi+ - A Al
41 715 6.13 El - A A3
42 675 6.15 UT, Vi+ - A Al
43 677 6.15 UT, Vi+ - A Al
44 711 6.15 UT, Vi+ - A A4
45 713 6.15 UT, Vi+ - B B1
46 714 6.19 UT, Vi+ - A Al
47 676 6.20 UT, Vi+ - A Al
48 712 6.22 UT, Vi+ — A A3

“UT : untytable
— !susceptible to ampicillin, carbenicillin, cephalothin, chloramphenicol, tobramycin, gentamycin, kanamycin,
nalidixic acid, neomycin, polymyxin B, streptomycin, tetracycline, trimethoprim-sulfamethoxazole,
ciprofloxacin, norfloxacin
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Fig. 1. PFGE patterns of chromosomal DNA restriction fragments
of Typhoid outbreak isolates from SuYoung Ku, Pusan
city in 1996 Apr.to June digested with Spe 1. Lane 1:
Marker(lamda ladder for PFGE) Lane 2 :Isolate from the
first patient(Al subgroup) Lane 3:Al subgroup, Lane 4:
A3 subgroup, Lane 5: A2 subgroup, Lane 6: A4 subgroup,

Lane 7:B1 subgroup.
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Fig. 2. Diagram showing PFGE patterns of outb-
reak isolates digested with Spel .
Lane 1: Marker(lamda ladder for PFGE),
Lane 2: Al subgroup, Lane 3: A2 subgroup,
Lane 4: A3 subgroup, Lane 5: A4 subgroup,
Lane 6:B1 subgroup.

7} Al subgroup(42+=, 89.4%)°l sFEJ o 3
o B 2776 FEl® wFEelAh 12 A2 subg-
roup®l 15, A3 subgroup®] 35 % A4 subgroup
o] 159t 487F% 1¢Fute] tE14(B group)°l
4319 tH(Table 2). PFGE ¥4 &3t #4b 3
Foo A 2% FAE FH A7) 1996 42
239l LAS skt 9l Ao wE At ¢ 7
subgroup Alele] #F3A FAIRE A7 Sl
TAHAIF(FHE AHds A3 Fa2 A groupd 74+
subgroup Akeli= 0.80-08972.2 Ul §34 FA=
7F =%om A groupe] 2 subgroup¥ B groupAhel=
0.20-0.2582.2 e} A9 B groupAteldls 34
FALEZE WE-g & 5 AATE A groupdllAl A29F A3
subgroup<> T34 FALE7F 7P =90 (F=0.897)
A19} A2 subgroup< 7HE 92 F14 FAERE
(F=0.80) ®It} group &2 subgroup?te] +34 FAF
%=+ Dendrogram©.2 =43} 3} 3{th(Fig. 3).
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(A)

Al 100

A2 800 100

A3 839 8.7 100

A4 839 828 867 100

Bl 258 207 200 200 100

(B) Clustering‘UPGMA

(%)
20 3 40 50 60 70 8 Q0100
1 l l | ] ! | Jeies]
Al
AZ
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Fig. 3. (A) Matrix of F values for S.typhi groups

The original F values have been multiplied
by 100 to give similarity percentage.
(B) Dendrogram showing the cluster ana-
lysis on the basis F value and by using the
unweighted pair group arithmatic means
method.

| of

A Ala zpzof o8 < S FEIF2 $xp
WA= 19940l 2677, 199519l 3709, 19964
75O R FA} wAyo] “}Xlh P 1 g ¢
Aol 2argo] 27% 4= wsivte= o

g megthd ol E HEFaE Fo w83
olt} 19961 4€5-€ 6¢¥ Ale] 70

=~
<

N
I~

e R (R
f
EHI&

4 AAD

Qo AA A FGTolN FEFAAR 9001
o] Aw whste] A whge] 10,0009 52.31e
gagich. 94 mAgE L N FEoR o)
AL ol P WA gAAS FAF 23 A,
gEe] FEsh BATYAGo] A9 X sk
A, A, INE T2 244 ool wAlel T
ool A5 54Ml olFlA Fz AT FHOE
FAMAE HolwA oje] PN WARe] o ¥
o A% oA S4o] ol @ FEIFA faARA
3oQAFI A, FFE FARAAT AFYR}
AEAA @ 2ol AR tigrel PEE A v
A, WAz ARz gguon F4EUR AY
Fulo] FHOE $EAL Yt AFEE A=
dE Bpmae] A% Hthe A oA, JFEB

WA 7 A ARV v A 5E vF
o] o] A9 HEF A JodAe #pdde oY
H AFEe Aow A AR

AAES FAA FATelA FehdAAsh e FEs
o =W AE FAF AL AFAH AFAREA &
e AES A BA FdA e F A2
gk FEFATS UGS R phaged AlE 2 A
Al DNA®l W3k PEGEE A&ttt ob&d] ZEF
2 AT Z&H oYY VEARE AT
A} ampicillin® 14F sk A 248 NS
AAEATE dEHom FEHF2Y gad FHIY A
HERE FHde A%y =R FEFAA Vi
phage® A3o] o]golx ¢t} ® 121} phage?

Age ®H{3ta E bacteriophageol et &

]:l
o] AU 4= 91 lysogenic phage® J?} ORI

Aol W3 @ Ao R 2138 virulence factord
A FoE AT AmEA Aol mE XﬂﬁWOI
A Brh B AA BAkA 9 HeEA e

w R —]?L
A TS U SZ Vi-phaged APS 3k
U 48 FF 4457 vl RFE Wl Arh S multi-
loccus enzyme electrophoretic analysis (MEA),
ribotyping, IS 200 fingerprinting ¥ 944 DNA
= Xﬂai*i A3l PFGEShH= 5
E3H7 7 o] MAA “5}4 Ao A%
Atk 12yt MEA®| %% phagedeo] A& t}
ol @ o] A erom ffrt thE A A
Skt A e] FEF FelE B8t
L e i S R R N TA= e )
2 4eEA T 1S200 fingerprintinge] 7
phage® Al vl & wf Fdgo] Hol
2 ribotyping ¢ 7%

Aol 7= atARt 7ke] u]g-3
]

rTm

A =&

MTorfu
)
)
=3
N
o
_>,i

rlo
- offt
o e
o ot
i
r
lo T
}m

w02
rlr
L g
K
NS
32
o
_EL

i

o
2

N
2
A ro
I ol

52 o 2wy
fru
2
Y

o

N
)
-
]
D
ool

o
! ”

B o4 rr Mod N Jo s2 R
o g op

>

t}. Nair %9)-8— oFAJo} A ol £ +
% phage®d A@ % 94 DNAE

4 Xba 1 B s e 1o imsoq oy5)7

A phaged2 97F4 Fo

|
[\
o
[@p}
|



AR S 2 E4R2A fF85H
8 d F AeS ARSI & AL s
viel o] FE|FAHT WA phagedoll g 9%
2 F o] ] g

[ut

>~
=

o
A A DNACl t3 PFGEES AAstn #4134

M Ho o oL 12 4
o

e 2

group”tel 9] FAI& 0.80-0.897< YEH =2 F34
FAEE YERAA T A subgroup® B group Ak
o]+ 0.2-0.258 = YEF} At B groupitell= #7344
SATATE EE & T ATh

FEF2Y 584 = A 7
4 2 FAHGAERY FAE F83AT A A
T3k Fasith FEFA A5gAE ATHe
chloramphenicol®] @o] Algxo]x gto 3}
ez 5 A9A g g 5 L2go] 9u'®
Bitae] w3t A7 @9 A zopA A
AE el 7t e AAolth Edk AE

P ee Ao nuxe

2 i}

)

i)
ox —H

H
W

|
|

o Ml do 2 om

]

L
2
=
ox
=T
o
i
g
(L
k1
N

3

i
—_
Q
J
)
rL
=
T
2
>,
K
e
)
(m
£
<
ojft
N
=2
X
uj
o

kxﬂ
= =i
el &4, dFdS B vk o] thekAl WA

o] s RE F<9 @Al A I F§ A
Ao Fegom A oA gdwte] TH, FHH ¥
A 87 dEsta vk & A AT 3

Ao &3] AHE, A E T AE ampicillin®] 14F9]
Ao ekl A AdA Aol W A=
? AZbE L oAl g FEF

=
site] FE W A%H AL BAF A0 A
A

4
of AAE3 A= ampicillin®] 14F9] &tAlol st
o] NCCLS %+ tzz=a 4l
phage®d A2 9= T4 & 2 (PHRL)
oA & We phageds AHEstH  AlFEATE
PFGE A§2 FE|F2=7 A4 DNAE AdEh
Spe 1 &2 AHE3 PFGES 3, 2 9%4S &
A8kt

Z 3 AEWY AEFaT 48FF ampicillin®]
14%9] Al WS Bl 7= gl

phage®2 H]EHFF(untypable)”} 44531 M1
ol 27, 183 E13¥°] 2F 3tk PFGEE #2414
3 A group(475) 2 B group(15)e 27}4 group
o2 BEFIALH A group> Al1(42F), A2(1F),
A3(3F) 2 A4(1F) 5 4714 subgroupl® EHE
At A group® Z subroupAbeld §A4 FALE(F
Z)E 0.8-0.897 & & FAIEY =ou A group?
7} subgroup® B groupite] FX&= 0.20-0.258%
AA ZA BATE Sk

A 2:19961 49FE YAl FARA] G ol A
o A FEF s 28 SR = FEFAaT] 2
25 gl o R FEFAe PFGEYY w4 4
A A(1996% 4¢¥ 239)0] 7HF whE Ao A

I

ofy
T g
Ao
i
jaii}
>
e

32

1=

2~

i, N

94 e FAEAT 944 DNAE Spe

g Alged dwrdoe® AR 9= ampicillin
1
o

[>

[€] l
Yoz oAl W FElFATo] FEE
c

~
o
3

2
£
2
N
N



common phage types. Epidemiol Infect 113:391-
402, 1994
NCCLS : Performance standards of antimicrobial
disk susceptibility test, M2-MJ3, 3rd ed 4:369-
406, 1984
Thong KL, Cheong YM, Puthucheary S, Koh
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