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Abatract.  Sixty-threo isolates of Safwewells seterar serobpe Typha 08, Aed) from _:pu:rmhc cases of r_|.-|-.|1. e fever abtaned From
Mabaysia (n=06}, Vietnam (n=13}, India (n=#) and Pakistan (n=36) were chasacterized by phage reping, drug-susceptibiliy west-
g, .'|I‘_"_|'r|lr1!|.'-:i Eragment ]L'l'li._';ih E’H:]? 1 l|.‘|'.h||:i:s|r| AFLIP) and r\-ll's.l.'d fieeld .|_"g'| |_-|g-|:|:ruf|h| wests (PFGE) with restmenon endonucle
ase, Wial, The serains analveed were mostly resistane to ampicillin, co-rmosazole, rerracycline and chioramphenicol. These

strans wers reprosentod by phage types, E1, EY, 46, |1, VNG and UV, PFGE analysis showed that multidoug resistant (MIDR)
atraing isedated in different conmntries and ar different Fg'rir'u,lx W .ul_-l'p_'l::l:;?‘“'.' very homogenous where B if the strains
analvzed had very closely relaned il parterns. AFLE was able to sulwvpe 42 elomally eelated MDR straing {represcnied by 8
st hased om the AFLP and PFGE data vsing unweighred pair group mean averages
could differenna: MDR srans from different geographical region and rthat the drog sensitive sreains were in a distinet cluser,
The clusteringe sf MR straing from each courey and the presence of a dominan Xal-PFGLE partern indicared thar the MDR
b fadehad probably been spread clonally an these countaes, AFLP s clearly more discriminative than PEGE in dif ferentiztng the

1

PECE panicerns) e o prediles Cluster am

MR .'l.;"l:.').-'#. henec |_w:n-u|i.“|!_- am alternartive, sersidve method for demiled analvsis of che mulodrog ressstant =trains,
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INTRODUCTION

With regrard @ emenging intecrious diseases, typhoid fever
cansed by multidrog vesistane (MDR) strains of  Sabwonei
etdderi serotype Tvphi theecin named as X gpdd) present a
serious health problem, espectally i the Asian and Southeast
Asian connrrics, Mulodrog resistant (MDR) ¥ g0dd seeains
were detined as those resistane rooanpicilling chiomamphenicol
and erimethoprim-sulphamerhoxazole with addinenal
resistance to strepromycin, sulfonamides and rereacyveline,
Dirug-resistant A_spdd began to appear in the late 1980% in
the South Asian regon and have now spread widely w the
Middle Fast, Atrica and Asia (Rowe et af, 1997 The problem
is particularly acute on the Indian subcontnent where
approximately 665 Y of sorains isolaced are MIDER strains,
I addition, the disease associated with MDE tends oo be
miore severe with patients regnstering a higher morbidit score
ancd a bupher moortalicy rate, often with unusual complications
iBhureea, 1996), The impact of this MDR further complicates
the antibiote eeatment by limiting treatment options,

predonged hospitalizanon aod the increasig costs of therapy,
In many rropical counrnes, nophoid fever is endemic and has
the perennal for epademie spread as deog resismnee is often
encoded by plazmds and are baghly transmissible (Connerton
of al, 20000, Studies have shown these plasmids encodime
resistance to chloramphenicol, smpicillin, timethopriom,
sultomamides, and wtracyeline belonged o the IncHI
meenmpatbililey growp and are conjugative (Hermans o ek,
1006, Hampon e <, 1998),

The abiliey to characterize and subivpe 5. soddisclates is
important from an epilermologeal perspectve in onder o
reace and conrenl the disscrinarion of this infecrinus agent,
Recently, many DNA-based appecaches have been unlized
in the molecular subtyping of 5, fedy, including ribotvping
(Ling ef of, 20000, pulsed-ficld pel elecreophoresis (PTFCGE)
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(Thong o wf, 2002), 15200 (Navareo e qf, 1990), RAPLD
(Shangkuan and Lin, 1998 and amplificd fragment lengih
polvmorphism (AFLP) Nar srad, 20000, MR Vapd from
Vellore, India (Shanahan of &, 1998], Bangladesh (Hermans
e al, 19061, Pakistan (Theng o @f, 2000) and Viemam
(Comnerton of @, 20000 showed lmited genede diversity, Char
previous study onoa bundred strams of MDR and drug-
sensitve strains of X ggdy from Pakistan demonstrated that
the MDR strains were geneocally homalogouws and co - existed
with the antibintic sensinve sreains as distines, independen
clones (Thong e af, 20000, In the present stady, we exten:d
the PFCE ana

strains trom ditferent endemic countries in Asia wich the

w1 oy include more drug-resisrane 5. oo

abjective of assessing the prevalence of any pargocukar PFGE
sulbsyvpe (5],

A more reeent method of amplified fraggment length
pelymorphism (AFLP. a high resolution PCR-based
technigque has been reported o be more dizsceimimative and
15 able oy differentate strains of bacreria which were highly
related oridenocal by another orping methods (lanssen e ad,
1'HrG, Aarts ef af, 1998, AFLP rechnique involves the
digestion of ol renomic INA with restriction enevmes
and compatible cligonueleotide adapeers are ligated to the
ends of the resulung DMNA fragments, Spectic subsers of
DA cleavage produces are then amplified from the pool of
restricton l‘-l'.1.'u__'.'|1.|:|.'|15 s Thr WA Tions g wrtbinations of selective
primers. The resuling amplified products are then separated
on 1 DMNA sequencing gel. AFLP has heen used in the
senotvping of several pathogenic bacteria including Sadwonedl
spp (Aarts of ol 1998), 8 fpbimarionr [Tamada e «f, 20003
ancd o g sensilve .'-.;'Jpéf-'." i e ad, 2U0ET I this repore,
wi compare the applicaticn of AFLP in subtvping of MIDR
and drug-sensitive §. andd from Pakistan, India, Malaysia and
Wietnam with PEGE analysis, Twe gquesuons were addressed:
i1y 1Is AFLP able to discriminare MR steains of 5.l
which appear to be clonally relared by PUFGE £ (2) [s AFLP
able to discriminatve S, Apdd from various gengranhic
regrionss

MATERIALS AND METHODS
Bactersal serains. A votal of 03 human solaes obgined
trosm sporadic cases of tvphoid fever abraned from Malaysia
{n=n), Pakisean (23 MDR, 11 drog-suscepnble), Indm in =
A1, Vietnam (o =13) were used in this study. Srrains were
isalared and identified vsing standard biochemical methods
and serorvped osing the Kauffmann-White scheme at the
microbiclogy laborarones in the countries of orgin, Phage
ryping of rhe strains was performed ar the Salmonella
Reference Center, Instmute of Medical Research Rouala
Lommpur. Excepe for the Indian serains (blood culrunes), all
the other strans were jsoliced from soool culures,

Anvimicrobial suscepiibility tests, The Kiry-Baver disc-

AVLH ard PV wf IR by

diftusion method (1966) was pertormed on Muller-Hineen
agar with Orxoid disks (Oxoid, Hampshare, Uk according
1o the mnsrruction of the manufactorer.  Antihioric
concearrations (Mg) in disks were ampicilin 100Amp;,
chloramphenicol 31 {Cm), genamicin 5 (G, terracyeline 300
30 (Nx), kanamyein 30 (Km),

trimethoprim-sulphonamethosazole 25 Tm-5u), ceftmasone

(T, nalidixic acid
e strepteanvein 10 Sm).

AFLP fingerprnting. Genomie DINA for AFLT analysis
wirs propared by the moodifive smethod of Sao and Miurs
(1963, The -.|:I:-'|I1riT:.' of genomic T A of cach srrain was
adjusted Ty the speccrophomernc methed (00, o abour
g, AFLP fingerprinting was performed essentally as
described by the manufacturer (PE Applicd Biosvsiems,
Foster Ciny, CA, USA)L Genomic DNA was digested with
FowRl and Ml and ligated with HeoR1 and Ael AFLP
adapror pairs (PE Applicd Biosvsrems, Poster Ciey, C0, LISA]
using T4 DN A ligase. These serve as undque primer binding
sites fon subseouent PCR amplilicauon, Usiog the AFLP™
Microbial Fingerprinting kit TPE Applied Biosystems, Foster
Ciry, ©A, USA), subscrs of gonomic DNA fragmenrs with
three distinet fluorescent endlabicls are generared in
The resultant AFLP
fragments wers electrophoresed along wirh an internal size
stundard (CGreneScan (X500
Biosysterms) on a PE ABI Prism on a 310 instroment using

subscquent PCR amplificanon.

ize smandard, PE Applied

pararmeters supplivd by the manufacturer. Fragmoent patterns
were then amalyeed vsinge o AR Posm Gene Scan Softwarg,
AT e Y of al l'llQ'.-IL:\'. ..'r rr;aql]‘u;nl,} TANEInE [rrmm 5 f\l]“ll:lp
was generared by vsing the Gene Sean System. The binary
data ielecrropherngram) were then analvzed further using
the phylogenetic analysis program PAUP* (Sinaucr
Associare, Cambodge, MA, USA) and computed using
parsimony or distance analveis (UPCGMA} or neighbor joining
alpurithens,

PEGE fingerprinting.  Intact, chromosoamal DNA for
PFGE analysis was prepared in agarose using the modified
prostocol as previously deserbed (Thong and Pang, 19906),
PFCGE of Niwl dipested chromaosomal T A was carried ouar
on g CHEF-DR I/ sysrem for 26 houwrs at 6V /cm with a
ramped pulsed ame ot 1 e 4 see, Lambda DNA concatermer
PG markerwas used as o DNA size standard, Fingerprinting
profiles were examined viswally as well as by GelCompar
sofrware (Version I1 Appled Maths, Koriviik, Belgium), The
presence and absenee of a band was searcd and sirains thar
differed by one band were assigned difterent pulse-ficld
profiles (PIPs). The preparanon of DMNA from the srrins
was repeated, digested and clectrophoresed on chree
cecasions foassess the reproducibiling and stabelive of PEGE
mcthod, The objective measure of similamty/ dissimilarite
berween straine was the F values (coettieient of similasity),
given by the formula: F=2n_Jn + 0} wheren = number
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Table 1. Phaye tvpes, resistance phenotypes, Nial-PFGE and AFLP profiles of drog-resizine and drug sensitive Sadwanedia sy
sCronpe ']'!.'Flhj serains brom diffesent “B.'!_EI::I.E:II.IJ‘LIIJ exnlemic LK IS i A (all chindeal solares from x_ru:-mr_:.in;' cates of r_\'Ph- el fever),

Srrain Mo Countey of origin Phage Resiztance phenotypes Xbal-PIGLE ALP
{year uf isolation) ype type (n= A3} type (0= 53)

™2 Makaysia (1997 El (/TS Amp A | Ala
T4 Maksia (1997 (B CmTm-5u/f .-".|'n]$ =1 Yla
T30 Makvysia (1997 VS Cm lm-Say Amp Xla i
|'|"| Ll Malaysia Iu."-l"'_'l 159 l::l:ll_."Tlll !":1.-"."'ur|.'|1- X ||_' |'4|
2o Malaysia {1997 11 Cm/ Tm-Se Amge Xid sl
-‘l]::'.:'ﬁ 11:‘I|$‘|j‘!~iﬁ. {1 '\]"]‘3_:! | | i :t‘iil_-"TI'ﬂ-H '."'u'l"l.]'r_."Tl.'_-"Knl X4 el
Wt Wietrnm [19%, I°1 Cmn/ Tm-5u/ Tet, g %1 Al
Vil Vietram (1997 F1 Crv -5, Lt/ Amp X1 Al
Wnlik Vet (19960 L'Wa CrnTm-5u/ Ter/ Amp %1 AlSa
Wl 3o Vietam {197 121 Cooon T SuTet S Amp x1 Asa
V22 Vietram {1997 121 Cm/ Tm-Su/Ter/ Amp %1 ASb
Winl#l Vietriamm [19%) I£1 oy Tm-5u/ Tet / Amp Xl Al
Vn3isT Vierarm [1906) 1Ws Cm Tm-5u Ter .-"_‘l.n'.l:j X1 Al
WnllT Victnam {1997 V5 Cm/ Tm-5u Ter/ Amp Xla el
W Wietnam UNS Con Tam-5u Ter/ Amp Xk nd
Vnl37 Vietnam (19%) U5 /T Su/Tet/ Amp x1 ne
Vinl46 Vietnam (15996] WS Cmy Ten-5u et/ Amp X1 ne
Vinls? Vietrarm {19%5) s 'r.-I'I'I.'r-[.m-ﬁl.l."‘-[-l'.'l_.'..'\.tlill:I | ne
Vin2dd Vietnam (1996G) W52 CmTm-50, et/ .-‘.mp p il
el India (19495) VS Cm/Tm-5u X1 Ab
515 India (1995 El Oy T 5o S Gt %1 Al
523 India (1995 VNS oy Ten-5u X1 Al
SHI Inddia (1995, VNS Tm-5u Xlh Ml
=45 Inclia (1995 YIS Cmy Tm-5u X3 Ml
=45 Lrdia [14945) El Cmy/ Tm-50 X1 Al
e India (1945 El Cm/Tm-5a na Anha
551 Imdia [1995; LR Crm/ T Ba X1 All
R Pakistan (1997 VNS Corny Tm-5Su) Amip/ Ter X1 “la
FHZ Pakigtan (1997) s { :.'.\'l.-"-J-I'll-'_"i-u_-"."Ll|.|.|r."Tr_'l. X1 Al
FH4 Pakistan (1997 15 Con Tm-5a/ Amp s Ted X1 ATa
PRS Pakistan (1997 I Con/ -5 A Tet Xl Al
PFRY Pakistan (198 1S Cry Tm-Su A mp et by | Al
PRE Pakistan (1997 175 Cre Tem-Suf Amp S Let X1 Al
PRI Pakistar {1997 121 Lo/ Tin Sud Amp T X1 Al
PRIZ Pakistan {1997 11 y Tro-Su A Tt xl ATa
PR14 Pakistan {1997 Ei Tm-5u/ AmpTe | Al
PR1Z Pakiszan {1997) El I'mn-5u Amip Tel X1 AT
PR14 Paldsean {1997y F1 Cm S Tm-5u A mp et X1 Al
PR} Pakisean {1997 El Con/ TmeSu Amp et Nk nid
PR22 Pakisran {1997} LIS Ly Ton-Su Aanp /T 1 Al
PR23 Pakistan {1997} E1 Cmy Trn-5u, Amp Te x1 Al
PR25 Pakasvam ¢ 1907 E1l l'.\m.-"j'::':-bu,-".'smp_J'T;_l X1 Al
PR26 Pakssran (1997 E1 Cmy Tm-Su/ Amp,/ Tel X1 Alh
PR2T Pakestan (1997 El Com TS5 .-'l.rﬁr\.-"'] | X1 Al
I*R2H Pakistan (1997 El Can/Teew-Suy Ammp et Al Al

[ Pakistan (1997 E1 Cm/Tm-%u/ .'1|.|‘.’||‘:-.-"T¢'1 X1 AR
PR35 Pakistan {1997 El Cmy Tm-Su/ Amp, Ter X1 A
"R 36 Pakizran (1997 El Cm Tm-5u/ AmpS Tex 1 AR
TR Pakiztan {19975 El Camn /TSy Ampy e Xl Al
TFRAT Pakiztan (1997 121 Con/ Tin-Suf Amp, Tex X1 Afa
PR Pakistan (1997 [:1 Cin/Tm- X1 Al
e Pokis am (1997 11 Cm/Tm-5u/ Amp/Ter X1 A
P55l Pakistam (1997 1 sensive X3 AZa
Ps52 Pakistam {1997, 1 sensits x5 Al
PeES Takistam {1997 s sEnsilive X AZ
PS56 Pakistan {1997 4 sensitive i) Ad

Ad—ned determined, Cra=chleramphenicol; T Su=mmethoprrsulfamessazole; Amp=ampicline Cef= sefimeones Ter= tetracveline km=kanamyenn

of fragments for j=olate x, i = auwmber of [ragmwns bor
solate v The guandtative measure of the diseriminatory

ability of each rechnique is caloulated Based o the Simpson
Index of Diversity (D1 (Hunrer and Gasion, 1955),
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RESULTS

Phage cypes. Bight phape opes, EL ES, A6, J1, VINS,
Livs, UWSE and U'VS4 were nored amaong all the strans.
The most common phage oype among the MR Vgl
amabvzed was E1 (60 %) (Table 1.

Reststance phepotypes. Most of the strains tested were
resistant to ammpicillin (Amg), chlommphenicol (i) and
inmerhoprm-sulfamerhosazole (Tm-5u0) and terracvehine
[Ter). Indian srains were mostly resistane o Crm and Tme-Su.
Mone ab the strains was resistant o ciprotlogacin or
cefrmazone [Takle 1.

PEGE analysis,  Suble and reproducible PFGE profiles
were obtained when the analvais was r::p..-.m_':.l on three
separate occasions (data not shown). The three most usehul
restriction codonucleases for 8 b renome weee Nl Sl
atwl Apd L Our previous work showed thar Gl and el
o ot necessanly increase discrimination (Thong e af, 1594
[ lence, onlv Xl was used for furdher analysis, Nl digestion
of DNA From the 52 MDR straing from fous differem
countnes produced only eighe different PERGT profiles PEP:)
consisting of 13 oo 200 DNA fragments with siecs ranging 40
Kl o 400 ks (F values vanged feom 0,520 10 100 Talble 1,
Figure 17 Among the six unrelared Malavsian strains, five
PEPs, X1, Xla, Xlc, X1d and X4 were observed, PEPs Kla,
Mlc and Xld differed from X1 by 1m0 2 hands (F-ns.
The 13 sreains from Viernam that were isolated from different
parts of Vietnam between years 1996-1997 bad only fou
closely related PEFPs, X1 in=100, X1a(n= 1), X1bn=1] and
X2 (n=1]. Similarly, 20% (24,23) of the MIDR strains from
Pakistan were mdistingnaisbable withoa PEP X1, The 8 Iodian
steaing were differennared inre four PFPs [T = 054100
Crverall, PFGE analys
|'||,||1|_|1g|:r'||_'|t:. A the L']-:nin;lﬁ'l"li.q |'|1|_(i-;‘s'||]:.' unrelared MR

shovwed that there was a remarkable

Copndd taolarcd ar differenr nimes and from different
poeographical areas with at most, 2-3 DINA tragmenes
difference (Figure 1. In contrast, PFGE was mone usctul in

AV aud PRGL o MR 5 agds

differentiatng the drug sensitdve than the MDR seeains as
the 11 strains could be subivped into 9 PEPs (T = 0.50-1.0
lfl':.ﬂ:h; 1),

AFLF analvsis,
33 Napde strains were resmicted with enzvmes BRI and
Mel, folloraed by Egation of respective AFLP adaptors. The
resuliang materials were amplited with non-selective AFLE

Crenommie DA from randomly selected

primers. & total of B selectve primer combinations were wsed
{Table 2). These primers combination were chosen arbitrarily
wond herce were unbuased for being partculacly informatave
or umirformaove. A totl number of 30 tramnenis were
penerated, 49 of which were constnt, 233 were parsimony-
urnformative and 298 were parsimony-informatve (Table
2. Assuming an average fragments length of 200 by, e
COVETRLE Was estirmated to be a|1n|'|r| warmately 1200000 hT!l arT
;|.|:1- it A% of the 5. ﬁ;,"}."-lf_ﬂl."lu’:ll‘.l'la_'.

A total of 16 and 5 AFLP profiles were obtained tor
the MDR and drug-sensitive strains respectivels (Table 17,
Profile A1 was the dominant parern (3] and was
represented by strains from different countries (Table 1,
Figure 2). MDR AL apdd strains from each eountey had wnigue
Fr\c:-ﬁl.;'. pre sfiles A3 and A2a were \'.'}.I:"II.J.‘il\.l'_'I:. found in the

Malaysian strains, profiles ASa, ASh, ASc for Viernam strains,
profiles Ab, Afa, ASb and ALl for the Indian steains and
profiles AT, ATa, AB, A9 and A% among the Pakistani strains
-f_‘l'ﬂ|:l|.|.: 1} [hasex] o the combination of the entire AFLI?
ol:
relationship among the steams (Figure 2,0 The majority of
the MDR strains from Pakistan were separated into many

'
I.}‘.-L"-'\l.'1 a IZ:IR:E](]II..IL’II.'H.I'['I WS HL'['JLTil.ll.'L‘I o aseerian ll"L'Hl.'l'“.'“'l.'

clusters comprising of strains that were cvery similar bue not
idenical, MDR strains from different regions were closely
related with one or two clusters consisting of strains from
different countries (Figure 2 AFLP ditTerennaed the 11
r.|||,:|q sensilve strains o lve |‘:l|'|l|—I|¢."-. ";2,_ AZa, A3, A4
and Al

AFLY with a 130 of 9% was more disceimimanve than
PHCGE (D004 3 m subovpang the MTYR 5. apde. For example,
the 24 MDR Pakistam strains which shared a single PE X

Table 2. AFLFP |1rri111|.'r combinations used in this ﬁ.lu.-:‘l:. wned number af Inygnents

Primer ™o, of Fragments Mo, of eonstant Mo of uninformative Mo, of informartive
Comhinarion fragments frugiments fragments
FenR 140, Meel A B2 3 el 52
Lol -0 Mee] 00 4] 19 H Y
FeoB -0/ Mee] 0T 05 L] 25 33
EeoBl-AA Meel-0 o4 | 3 41
FarB1T O/ Ml O3 i 4 32 33
Cool1-C/ M 1.T 75 I El 23
Eool1-Ca/ Msel -G A6 A 8| v
EooB1-03) Msel-T 1118 ) 43 28
Trtal RO5 44 253 298
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Bepresenmanve DNA tingerprings of Nisl digesoed
farrains feom Malaysia (TP .\,T‘.Ih arin PRI, YVichain
N and Liia 73 prodiles are anedwcated inparentheses). Lanes 1
throwgh 30 Lambsda TYS A Standard, TP12 715, TPIR (X135, 85
RS5O VR3320, P30 (X8, Vil 3s (X1, Vil 39 (K1),
Wnlal Oy, Ve X, PRS OXD, PRAE O, PR3G (1), PR
N 545 (XL, 323 (XD, WVa il (00, Vad7 (X 1a), Tambda WA

Vigure 1.
L

|1'.-:I-|.n' could be ""'lil"'t'.l"'L'l.. inter & AFLP patterns, THowever,
for the analysis of the 11 drog-suscepiille sirains, PFGE
wis more dizeriminatve (9 PFPs, DI =009 chan AFLP (5
prodiles, =035 Both AFLP wod PFC
the MDR 1

- could differenoo:

m the drog-soscepribile sivuins (Fiore 2,
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1L wwd PR VIR A prid #7

was similar to the report by Mirea of @l 2001, where 5
difberent Sl protiles woere noted amaonge the 1594 MEXR Y.

from 6 different counemes. Hosvever, the majonny of

the MR strains M4 examined had very strlar PR
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homologous rearrangement (Lo and Sanderson, 19495,

Fechenta and Usera, 19¢

[n this study, PPGLE is Jess useful in discriminating the
MLIYH seraims althoweh it s sull very usetul in -.||-|'|'.'1'|I1'|3£I||r.'

kL '\-l.lll- '."-l\.hi.\-..ll:'lL':"A'_'

noble strains wherse muls
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multple subtypes ditfered in more than & bands and could

i he |.'*-'|‘~.:'1|'||.'|:| Iy jusr homalopous Feartranecmenrs,

Previous srudies have shown thar PFGE could ditferenoane

AtMINS CAIST AMong
4, A,

AFLP allows the differennacion of related bacterial

chosely relaved 3. &y e grenetic v

'I'-“_ﬂ "\-.I:\I"'I."illll:lli.' srains

species through companson of complex banding patterns
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profiles generated by AFLP are highly reproducible becawse

=i can be

of stringrent PCR conditions and the an

¥

cornpleted in 2% workimgr chys [Vos o o, TS50 Innhis s nely,

MR Voapde penomic DNA was digesred asing oo REs,
Mel and E@RI and adapter DNA are hpated o fragments
[rhor L PR, AFLIP m

small sequence variations, usiog FCR andd |||5_'|

arkers are extremely sensitive e oven
"I.'Z":II.||::|:'I
electrophoresis o examinge restmetion fragments,. ATLEP
1= boen vsed successtully we ditterentane
af al, TUIR, |
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than 'FGE as it turther subdivided the 8 sl protiles of

the 532 MDR strains ineo 160 A
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&: PRI_[YHSICmITm-Su/Amp/E1)_Ala
TP28_(F ICmITm Su/AmpIX1)_Ala

PR2_(U¥SICmITm SulAmpiX1)_Al
PR5_(E ICmITm SulAmp/X1) Al
PRT_(UYSICmITm-SulAmpiX 1) Al
PRE_[UYSICmITm-SulAmp/X 1]_A1
53 PR11_[ENCMITm-SulAmplX1)_Al
PR18_(EHCMITm-SulAmplX1)_Al
PR23_(EHCmMITm-SulAmplX1) Al
- PR14_[ENCMITM-Su/AmpiX1) Al
54 PR22 [UYSICmITm-SulAmpiX1) Al
80 PR25 (EHCITm-SulAmp/X1)_Alb
e PR26_[E CITm-SulAmplX1)_Alb
PR27_(E HCITm-SulAmplX 1) Al
PR28_[ENCITm-SulAmplX1) Al
PR35 _[ENCITm-SulAmplE 1] Al
PR41_(E HCITm-SulAmplX 1)_A1
y S15_(CmiCeliTm-SulX 1]_A1
S$23_(CmiTm-SulX1)_Al
¥N181_(CmiSxTITellAmpiX 1)_A1
¥NTO_[CmiSxTITellAmpiX 1)_Al
¥N357 Al
_ 52 =PS51_[J11—IX4) A2a
E6 TP12 [ENCMITm-SulAmplX1] AZa
«PS553_[UYSI—IX5] A2
72 — PS5 56_[46]—/XT) A3
- e =PS562_[UYSI—IX10)_A3
59 e = P574_[UYSI—IX16) A3
“PS75_[U¥SI—IX17)_A3
e =P S87_[UYSI—IX26) A3
e -P505 [UY¥S/—IX34] A3
e =P 598 [YNSI—IX34] A3
a1 “PS57 [EN—IX8)] A4
71 ¥N138_[Cml!SxTIT el AmplX 1]_ASa
- 73 ¥N139_[CmiSxTITell AmpiX 1]_ASa
o ¥N229 [CmiSxTITetlAmpiX1)_ASb
¥N109_[CmiISxTIT et/ AmpiX 1)_ASc
TP30_(¥YNSICmiTm-SulAmpiX 12)_AS
72 I S5 [CmiTm-SulX1] A6
71 S40_[Tm-SufX2)_AGh
B3 S43_(CmiTm-SulX3)_ABa
547 _[CmITm-SulX2) ABa
li|_ PR4_(UYSICmITm-SwAmpIX1]_ATa
as PR12_(EUCITm-SulAmpiX1] ATa
e PRIS_[EHCMITm-SulAmpiX 1) AT
73 r— PEF2_[EWCITm-SulAmpiX 1]_AD
e PR36_(E UC/Tm-SulAmplX1]_AB
Iﬁl_ PR4 _.'_[E "C"l‘l‘l"ﬁu,ﬂﬂlpf:’" AdA
o0 PR48 [EUCITm-SulAmplX 1] ASA
— PR49_(EUCITm-SulAmplX1]_AY
“PS52 [J1I—IX4]_ATD
36 pr—— 54 5_[CMITM-5uiX 1]_AT1

l.lglll'l." 2 [ bl A ||!. 1 U P NLA Do l.\|l.l|' AT

L ERRLULE | bcates) of combined AFLP data of Sadwonelly

e S51_[CMITm-SuiX1)_ATl1

tovdy From different

geopraphical areas in Asa, The numbers on the branches indicate confidence esomartes (in %) of the parocobar cluster confipurstion, Clale

mtormatkan consists af swain [ (phage evpe/ restsiance pheaotype/ il PRGE pe; AFLP nype.



Lol I Mol Bl fiateckaad, 1%l 1 i1, 2l

DM A methlylagon, Cherall, cluster analysis indicated clenal
mature ol this parucular clone of MR Y, ."]}“-e'-'r'btr;tiln- c|{.‘:~'pil:c
the minor vanaoons, Cluster analysis hased on the AFLP
and PEFGE data using anwetgrhted pair group mean averages
conlid differenmare MUIR sreains Fror different geographical
regicn and thar the drog-sensinve strains were inoa distnce
cluster, The clustering of MR strams trom cach country
and the presence of o dominant Néel-PFGE pattern
indicared that the MDR 3oy bad probably been spread
clonally in these countries, AFLT is clearly more
discnminanve than FEG E in differennanng rhe MTTR Soaede
hence prowviding an alternatve, sensitve mechod For detailed
amalysis of the molodrog resistann seeains, [t was noted thar
the AFLP parerns of the sensimee smrains could also be
differentiated by PFGE. Discrepancics like these mighe
vt that the steains in guestions have ne motaticns within
the Ml and FieoBRI restmetion sites or no mutations i the
sequence adjacent to the restricdon sites which are
complementary to the selective primer extensions, as
N m1.|'|:u'|:~|1 s the i |f:.'r'nca-r[‘1'h|s.|'."m seithin the Nl sites,

Dhtterent tvping methods assess different sepmenes of
the chromosome, Both AFLDP and PFGE assess genetic
diversity aver the enrire genome. However, PFGE s a
macrorestriction analvsis while AFLP detect mutation ac
restriction endonueleaze cut sites, The status of a single
fragment difference m AFLP 15 unlike that of a band =hifi in
PFGE because an AFLP fragment is very much smaller, s
l1|l.'-:.i.-::|:. sievel (X1 |.r|1:|, cun be t~l.'k|u{.'|:1-;.l.'d and :||La.[_rpl.'r.|.
Therefore, a single fragment difference in AFLP may defined
A new steaii

The sty reirerares the imporiance of wsing approgriate
molecular oyping tools  in differentaning and subrvping
bactertal pathogens, Even thoueh PEGE bas been shown oo
e the most checrminanve wonl for analvsis of drog sensinve
strains, i may not be discominaove enough w disnngush
MIYH & fdad and ancther methodd, such as AFLP should be
ased concurrently. For the purpose of epidemiclogieal
surveillance, monitoring clonal spread  and prevalence in
pepulations over exsended periods woukd requice a “libracy
af Tf.'F-'ms_-, svstems Stroelens of of 19985, Such methods mus;
he easily standardized, have a high throughpur and
reproducible, The issoe of standardization 3= particolarly
importanr as it would enable results from differen:
laboratories to be compared. Of the many oping svsrems,
both PFGE and AFLEP are partcularly suitable as  baoth
grnerate fcprnﬂucih]{: resulis, nppllwhlr to many
microorgansms and direct accomulatve analysis 15 possible
with appropriate software, Although AFLP s technically
simpler, it is more costly than PFGE as 1t requites
suphi=acated alyronchm and software to analvse the complex
brarecins profiles,

In conclusion, AFLI s more diseriminatve than PEFGE
in distinguishing MR L apd seramns, Clusrer analysis based
on AFLP and PEGE could distinguish the MDR from drug
sensitive 5, fpddstrains and these MDR Sayphi sirains from

AFLP and PFGE of MIR 5.0l 40

various cownttres in this region were probably par of an
endemic clone.
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