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CHAPTER 5

[ Cmecal and Expesimestal immuncio B T
PARK2/PACRG polymorphisms and susceptibility to typhoid and

paratyphoid fever
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Introductian

Sammany

Hiost genistic factors may contribube 1o sacoptibility 1o and catoomss in infe-
i dinesses. Recently polymerphivms im PAREZPACKG, 8 gene clusier
limked to ubdquitimation amd proteasome-mediated protein degradation, were
Teainied 10 b dndachated with mamilea mlection by M leprae, Heve, we sddre
whiether thewe polymaorphisme are associated with ssweptibility to infection
with Safmaencila trphi asud 5 parsiyphi A, imsacellular poibogens 1hat gpos
indection of humans share winh srpoobacteria aspects of the hosts” immune
roipanas, The palymarphiomd of PARK A0(=687), PARKD o[ =2599],
red BERES and ref (MOGTF were analysed by polymserase chain reaction and
restristEon fragmen| length pelymorphism ina casc-cantrol study of yphois
and pararyphecdd fever patkents s an endemic area in Jakaria, Indonesiz. For
this sty samplies weere olistained Trom patimis with bMosd cullere-comfirmed
typhesd fever (m = 90), paraty phsid fever (0= 26) aned fever controls (0= 357)
im a passive, community-hased warveillanoe and compared to those of ran-
demly selected cammumity cantrols (6@ 3220 from the same oty area. The
PARKD pof{=2553) allede T was significamily sseociated with typhoid and
parstyphaoid fever (OR: 151, 959%CE 102-2:23) but the other polysoe-
phisms, PARKD i (—697) ref 1359558 and e [0S007%, were nod associated.
Altheugh within the PARKYPACRG gese clavier the PARKZ olllj=2559)
allede T was most stronghy associated with leprosy (0E- =5, the sssociation
wiith typhoid is much boin srong, Cher hnadings ssggest that thas polymore-
pluism in PARKLPACKEG plays a small but significant role in sascepiibiliy to
the intracellilar pathogens 5, byl and 5 peratyphy,

Keywords: PARKD, PACRG, & gphd, & pesinphe, typhesd fever, pene
potymaorphism

ol costral stralegied dnd the allecstion ol peld bealth
Pl s

Typteoid fever comttitutes a sevions puldlic bealth peoblem in
the woahd, especially in the devcloping sountres, desming
wover D00 OO0 Bvew win 20000 | 1], Typlaosd ved 8 8 evalering
infection used by Safmosila mrerica seronype typhl (3
i) Paratyphosd fover, cavmed by Salmowetin pavatyphi A
Foor , bas @ discag preseritation highly samilie fo thed of
tphiid Bever, biil, o9 beait i likasea, seema bo (olbie & ddis-
tinact poule of transmission: whereas typhoid fever b spresd
predominantly withan the howsahaobd, paratyphoid fever is
mrussnly trasimaind outids the patenl's hoime [ 2], The iden-
ifcannsa of such sk faciors and b mos relevan ome of
tramam isaion of the diszase are eseential for the development

Several case-conirol sudies have documenied risk faciors
[iar Ay pharid fover at the commmuniify bevel, such s inadequate
|'r:r|;|.i'rr||r. lak of micrulwlgeally sl -|].I'|nh'n! waled of 1
consumgaion of street food (2] Within this emviennmsenial
conbext, am individuals genetic makeup may predigpose sub-
st L ayimitEos of frphodd leer or dovlopment of sovers
diseiie |3]. Fr hslisoe, b5 sisndiathn hetwern the ainghe
nuchentide polymorphism [S5F) THEA -508 and rypdoid
fireer has bien repowted im YVicinam, Together with HLA-
[XRBT A0 6E ae HLA-TMYR] 0200 =3, 1he TNFA=J08 4
llefe was thowghn e be asmectaned with sscepibilitg g0
trphoid fever [4.5).



In families with members dnplaying increscd suscrpri-
hility 10 infection with the imtraceBalar pathogres wima-
nella sl mpoohacteris, deleos i IL-LUTFMY type-d
evioking mediated actieition of macrophages haw bem
found [&]. suggesiing that there s consdderable overlip in
immEne fespansns agains e unnelated intraoelhulas has-
teriall pathogens. Recently, variams in the shased PARKZ and
FACRG prgulatory s have been Sound 1 a6t s commuon
sk facine for mamifest infiection by M. lepie a sbong asa-
clazion (e, OF of 3-5) was demoratraed between the
PARK2 c01(-259%) polymorphism and lepeosy (7).
Musaticns [n the FARKS gene encoding Parkin, have been
ientificd a0 the caiise of sulosamal reeoisive peecnile
Parkineoniom [#], Parkin is a % nbiquitin ligase that i
iespuineed (o polyulnguitization of peotes beforr dograla-
tion by the proieasoeme [9). Parkin Co-Regulsted Gene
[PACTREE) bs o revernie strand gene located upuress of the
FARNE pemse. The pene prosfuct, sermed Ghup, forma. a lange
mulecalar chaperone complex containing heat shock pro-
tcimm | Hisgph and chaperonin componcmts., Glap binds Parkin
vig Mapio, and this mvalticompanent sggregate may deal
wilhs bacteeial penteana by beraking them down af mming
them inio harmles molecules (100, PARKS amd PACRG
abure o gommmon pronsoter regulating thelr exprewion [11].
(¥ inferest heve, variangs in this shared regulsiory region
have heen fosend ba st as s comimoen pidk facine Bor the sl
wtion of keprosy and there was some ovidence that the T
allele of ik polymoephism acts s a domEnant fashion 7).

Cinvem thse pverlap in immine respanss o Salmoncllae and
mycobactenia, and s proven role in leprosy, we hypothesized
that PARKAPACED pobemarphismy may be asogiabod with
clinical typhoid and paratyphoid fever. In addition, in s
sudics sugpestad g posable mole for PARKPACRG pega-
lated penes in Salmendla pathogeneis, sinee they link this
patbreray to intracellular hacrerial eviios mechanisms | 13-
14). Parkin, the protein encoded by PARKD has ubiquilin
Nzt {1V} wtiniity | 5] The ubsysitin: profesaoene pattway
s [rportand @ protan procosing and dogredaton, and
contribuges in qualicy contrel of proseins within cells and
antigra peooaing fof ofoss-proicstation |16, bvain of
et oedls by Safmomeliar requines the reversible activanion off
Caded? and Racl by bacierial encmled SopE snd SRt which
must exerd their function at different tmes dhaning, uplake.
Adthough baoth peotesen are delivered lsto the hont oell cyto-
plasm a2 approsimatdy equivalent amousts, SopE s rapadly
degraded through a protensome-mediated parkway, while
SpaP exhibity msach dower degradatios kisetio, Stibilisa-
tion of 3o0pE by proteasome inhibition peevenis cellular
recorveey after Bugteraal infoction end therclore conlineation
of a permaisive envircemment for the bacteria 1o replicate or
evacde howt defenced [13,13]. This mechaniom i mgodunt s
Salmomell interaction with s host cells, and we bypothe-
sired that enodification of its activity might revult in an saso-
ciatin hetween PARKJACRG polvmorphism and erphoid
and paratyphoid fever.

PARK2/PACRG AND TYPHOID FEVER

Giiven the above hvpotheis om the posible nbe of uhig-
uitination and degradation of hacterial protrins in the cellu-
lar pathogeneis of these diseaies |1 2=04, 16, we evestigaied
the role of PARKD and PACRG pelymorphisme 3a hos-
dependent mk facters for soquistion of Safmonalke grpld
and & paartiph sdectian,

Materials and mathods

Study design

Fromn fene 2000 b February 3003 patienis with bloced
cultsire-comfirmod Salvasniclls hyphi (0= 600 oF Salmendls
pavanphi A [(n=14) were identified In & progpective,
comismniy-husal, nc-comtrmllal | pasbe supwilling
study in the Jatinegara district of fakarta, Indosesia |2]. [n
this ssrveillasoe study, we enrollad 1019 consecutive individ-
vali livimg in the stvdy drea who presesvied wish fever baifing
2 .Y durys to one of 24 beahbecare facilities in the distoicy. The
study way desigrod po adidress both envirossnental [ 2,17, 18]
and gemsrtic determinants of smceptibility b entenc fever
arad wan mmel 3 EVigaieng now awsadations s well 3
idengifying specific candidate gemes that might reveal mean-
ingful immsunological insdghas [19]. Full detaghof the enrl-
memi of patients have been described elsmwhere |21

il culiesres weee oollected o Racte botthes {serobnc |
confaining amtibiotic absorbing resms (Becton Dickinson,
Sparks. MID, USA that wese presided 10 the cenires by the
udy gromp Froe of charge. Bvery sooomd comeculive fover
patient with a megative hlood culbare, or having a pathogen
other thas Saimomell oalfuned, win sdocted a8 a fever oon-
irol. A, during the ssrveillance community montrels were
ramdossly scloctod within 4 random houschold in gvery thind
rubwy defanggpa (ET) from a sotal of 1140 BTs m fatinegaa,
T being the smallent sdminiarative unit of 40-50 bouse-
halds i (he arva. When a commuesty costrol eepoeted fever
in the 5 days preceding the imerview or refused panicipa:
tini, the house an alernating sides of the initally scocind
household was approached. The selection of bath groups of
gontiels was noniaichad foe e, s or noghbairhosd ta
limit selection=hias and prevesnt overmanching. Four conirols
fram ik gressps for coery caie of blood culrure-conliemed
enberic fever were selecied in cader bo increase the statistical
panece. Furtbsemore, between March and Okeader 2000, 4
participating eentres and the hadistiea Hospital sdiaom e
the srudy ares eontributed another 23 cawes of emeric fever
(i, 21 typhoid fever and 2 paratyphoid feeer casel,

AD e and fewer coniroly were visiled ot home: withim
one moerth alter the ferile episods that kad 10 the blisod cul-
‘e, Communaty controls were visited randoenly through:
out the wudy period. This sudy wis approved by the
[mdomesian Mational Instivede of Health Rescarch amd Dievel -
opme (Likangler) and provincial suthorilics, Wiigics
infoemsed comuent was obtasned from all participants ar ther
paardians,
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Thet segsenoe of the printers, annealing lemperaiuse sed

Hanhvnte wishe s s pbe collartion restriction enzymes used, the length of the produces and the
Case, fever comtrols and randoenly wdectad comanunity con: type ol alleles are given i Table 1

teuls wire interviewed by trained modical icheol praduanes

using a validated, standasdired questionmaire a5 described

prevacanly [2.20]. Theee sl af blosd was enllecind using as Statistical methods

EDTA-comtaining vaouizimer sysiemn (Bechon Dickinson .
Bl saemnplen werr stosod mn 2 conl bon unsil proceassyg n
the Hiomedical Laborabary, Faculty of Medicne, Cathobic
Linbeerasty of Atens fay The plens wi separstal and
ervihrocyies wene Ivaed using Iviis badfer {155 mM SHCL
1 md KHOO. | mM EDTA pH = 74, White blood cells
wre weaihod Peice with phosphate bufforod saline (PRS) and
wtnred in a freezer nntill trangport io the Laboraory of Infec:
i THacases, Lesden Unbrsity Midscl Contrr, Genonii
[3NA was isolated from the cells caentially s described by
Sambeoolk and Rueed [11], Before auay, DA wan diluted b
1 voitable conoeniration and siored in micnoplalesaf -20 95

Single nuclootide polymorphisn (SNP} analyis

LSNP sabals was periormed wing polymeias chaln pras-
tion (PUR) amplification foliewed by restriction enzyme
digeation, PERs were performod udsg 103 ng of genomic
DA, H0pM of esch dNTE 10pmol of each primer,
SxmM BCL e TreeHO (pH %00, 1% Toson X- 1,
15 mM MpO. 3 U ol Tag DNA polymerase {Promega.
Mladison, WL USA) in & toisd volume of 25 pl. PCR oding
ennditians wore as Snflows 84 °C far 5 min oo, 30 ovdlos
of 945 for 4% &, anpealing tem perature for &% & 72 °C for
454 and 72 %C for 7 mis anoe, Primon used fog PCH s
hased om [9] wiih mager modifications for FARRD e0f
[ =4587) andl 5 AXITS,

[gestion reactions mang, Bsu3h 1, HPRCHA [V, Bd ] [New
England Beolabe, Ipswick, MAL USA) and Him | (MBI Fer-
mievdaa, Vilnius, Lithuamia i were performed scoonding 1o the
mani{soturers prosoonls.

Wi chonr 0 sudy four SNPs within the shared 5 negulla-
tory regws of PARK? and PACRG PARKS al)f -5,
PARK_ oI [=897), rl 333955 amad 1 JOR007R 1l were insde-
pendemily associated with an imcreased risk of leprosy [7].

Dtz from the quesionneres and pelymorphisms were
enbered twioe sning Epilefo 604h softwarg (115 Centers for
[Muzase Control and Preveneion, Atlanta, GA, USA], vali-
dlatesd wnel mpertal et APRS weskon 1145 (5F85 Ies, Chi-
cage, L. USA| for statistical analysis, The Hardy-Weinberg
exquilibeiurs of cach SNP was checked i the netal pepuilaios
and in esch group of respondents. For the comparisons. of
the propomion, either the Pearson's 3 wesl or Frher's exact
It was usil

Resulls

Study populatios

O 1008 cammeutsv individials lviesg in the sty a6rs whea
presented with fever Listing 2 5 days, 116 individuals were
ensullod with enterle fever amd 337 a5 e conirols. |
addition, 321 randomly selected commwamity controls were
inclusded as detailid previously |27 amd in Fig. 1. OF the 116
canes of enleric fiever, 90 were caspied by Salwronelly fyphi
and 25 by Sufmowclls paranpld A Sixiy-dwe commusnity
anitrols reporiod a posaible history of méeric fovers in none
of them had this past diagnosis been conSimeed by [hlood b
dulture,

Demegraphic hackground of e, fever controls and r@n-
domly sclected commusnity compodi have boen described
elsewhere [Z[. In sk, the gender distribution of the
typhoid sed paratyphold cxiei wis sbout even (56 female
from 106 cases); im e commueaty congrob this incrosed
1o B77 feenule from 512 crses. The median age of cises was
Mvars (Intonquantile range (BRE 12-263) which was
similar in thai of fever controby, wheneas both were dgnifi-
camtly kwer than thay off the ramdom commiunity confzls,
. 32 yowrs (I8 16493, OF niote, the modian age of the

Table 1. Tools w0 ipvestigme FLELLPSCRG podymarphisns prirsers, asoraling wmperanae, sed prodast kmgth of 58P

Anreilag Rt imans Prowfiasn
PARE! B[4  Foressd  ACAGUOGCTOONGGTRCM st Basi | Uco: 292 bp re
Ravetia AT AGAGTACATCACTTG Cue 19 and 530p Ak T
PARKZ il [{=259%  Fuwad  TTTAGCAGTATAGACTICICAGE  wb°C HpCHE IV Wecue b2 bp Ak T
B AT A TTGUASTTAMN Cut 4% and 57 by Allele 1
AL e Foremnd  TICOGATTTTCAGGATITTATAGE S0 Ml Wiscoe: 153 bip Alleke T
L] CTCOCALOCAGGTTIC PG Cuas i ared &7 by Ayl 0
el foremed  CEATCMETATAMG MG 8 fifm | Uincurr ik bap Alebe i
Reven CHOACTAAAHEGCATRTTRAG B Cust: T arsl 8 b Ak

N e T B P L T L o S SR L I LAl O P I A T

*Pilimat wrgeencr i hasnd en [# with s modifctkem e PAEED-07 [ -487) and o JREEE




PARK2/PACRG AND TYPHOID FEVER

e S

Firenr Foi' 3 iy &5 e RAanciomiy-galactod
B boCeScL o k5 Lakaan Community Contals
e
5 pavanyph A H:llili'nml-hm
Erfisic Firvie
Fiirwid cixulitd
“WW‘- S3T Favar conois 13 Meandiom Commanity Conbrois
1 dedariranalen fnksd 1 dele—mrator Luked 1 delmirrordhon lasksd
Aiwinlalin ol afifyis At sl Al bor prealy s
B typied ferie ﬂFt:m T2 ry larwoeen nbaric favee hislony
20 parabyphinadl evar B ueanfirrasd anlas Rt Biwlory
Fig 1. Fhow chart drtalieg the il of trpheal and pantyplosd ko p arel fvr is aaed the ruraberrds srbocbod q

commuanity controds that did not have a history of typhoid
o paraivphoid fver waa 325 vears (R (B-30), which
wad whentical ga thal in cosnmussty gontoli with 2 sdd-
meported history of eneric fever. The sge of nypheed fever
s did not differ sgniSicantly from that of paratyphoid
lowwr casen, The population of latisegara is & mivture of,
naisnly, ledonessins (rem difforent idands of the aschip=d-
age aesd in indivadual cases in is mot possible oo designate a
wibgect b one groap or 1o exhed sdmixhere with cer-
Haerdy, Hivwowre, baded om the suhlogatson in the ama and
the uslgects” panmies e cibanic makeup o the there sudy
popolatsons did not differs no stratification with respect to
posaible admivture was made. |n the nonenienic lever con-
Irol roup, peiienty oould by infectnd with varous Budlc-
ral and wiral pathogens, each having dising disesse
mechanisma. Therefore, the mnderlying penetic susoeptili:
ties fior this group could also be v Although the
inelusinn of a feerr sontml grosp wold fol peovide & cos-
sl feforrmce geoup, we decidad 10 present the Bindings
in this group o famher illuarate alleic frequencies in the
tian.

B |00 of S0 pyphoid fever casew | (B3%]) off 357 fover
aniileoels anad 1 (254 ol 32T commmumsty comi pod, we coulid
not determime the SN allels due io technical difficuliies.

Hlardy-Welnberg equilibrium calculation

The genotypes of FARKE il 6971, PARKS ol -250%),
rl 3355 and Y wore Tound 10 be n Hanlv-

Weanherg equilibrium in all cases, fever comvtrols, commusity
sontnds and in the 10tal group of respondmts (P> 07 in
svery gromp asd in tozal o ooy S4F,

Genatyping PARKZPACRE SKPs

Thie getielyps: [rojuencion i oo, Srver contfuls and ran-
domly seleceed oommussty controls are given in Tabde 2
Im casew fewer comtrols asd community controls alike.
TT wan fowsd B b the pest dommon praotyps Sor
PARKD o0l (=887 and PARMD o[ =2595) (615 aml 57%,
respecively]. U8 was the mosi common genofype for
el BREOAE (R, wheress AA was the meond common
wenatype for ra MHOETE (63%), The most comenon alicle or
PARKZ a0l [=5%7) and PARKZ w01 [=2599) i the T-allele
[ propostkon of 79% amd 75%, respectively L. For mI 3085 C
is thw mosd common allele with a proportion of 7%, A wihe
ol énvinitios dllde fos fil MO0PR with o peojarTuos of T

In a prevesa dudy demonsirating 4 sirong Sooislios
hetween the PARKD el 1] -25%F] polymorpheoms ard leprosy,
thare wan some evidemer that the T alldke of this pobymor-
phism acts in 2 dominent fahae. Recaie anly 3 pyplosd
fever canes amd 1 paswyphond fever dase were OO0 homoay-
gobes. the preseva stady has limited power o test sch &
Ipoghesis, Futhormore, the T allele appears to have g highser
frequesey in the tee contsol populiteons i ks audy (75%)
than in the Vietmimese and Brasillam populateon (A7 amd
1%, respectivedy) [7], possibly reflecting difforemces in eth
nic Backgroind
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Tabke 3. dxnetip Irogunces o Hrpbokd ind paestrphold cna. fover conbrols ind findodily scheoed b

Trpduricl s Pazatyphodd cosm Corerramdy ol lrver aminds
o= B4 ERF--1] LN AN = Hha|

Lusasgrmt ypar n L - L ] LY " -
PARK? 14T}

i [ T 2 L] [ ] 3 [ ] 3

e ™ £t} in i i u i1y &)

™ L1 (-1 L] i 17 @l 3R L]
FARAS 0T - 259

LER ¥ 3 ! i 2 T b 1] [

T ) 1 7 17 2 T m T

iy 5T L] 1] T [ L1 L[4 L
LLRRLL k]

i i W Ih il 1 Al WiT M

L i T W 1 ] i 1T il

11y i 7 1 i 28 L L]
i RAITY

Ak ] L& % ol &} o ol

M w 1] L] " I n ns L

LB ] § H i [ i £] L]

PARKXPACEG alleles anud sk of developing enteric
fever

‘When comparing the freguencies of these allele amongst the
oty grosgp sl rasedomly ackected comamunity sontmls, we
fizandl dhat Lhe Eroguency of alldle T of PARKD 01/ -2589)
wirk stgmificasnly higher in emenc fever cases {P= 0403 ). This
ity sontrods with an (unconfirmal) history of mseric
fever (I = 04021, We did no observe 2 ugnificant dilfesence
in feequency of allele T of PARKZ_ a0 =259 when we
companed fover comfrols Ba community controds nor upon
comsparisan af sniong ooy does amd v comtrole. The
dlcle disiribation of the ather polymorphisms studied,
FARED ol —687 ], rei URISSS andd releR07 was nod signific
cantly differont im indivsluals with enlieric fever when com-
prered 1o thee with frver due 1o ather 2aime ar randesly
selevnad communiny oonimole

ks ratios ({03H] were caboolaied on comparissn of ghe
allclen oof FARK2 otal{—£4971 PARKZ (i —15080), n] 33555
il FIHOOTS in nyphed fover mnd paratyphokl foe
with sandomly selected commusity conbods. Allele T
PRI ol —2559) was significanily but weakly ssocisied
with enferic lover (DL 151, #5%0: 1480- 2230, Thn asio-
cition became somewlil stranges when we compaped
the enictic fever cases io commussily controds withoul a
hisiory of enteric fever (OH: 138, 83%CT 1-06-2068], For
PAREDL DI =607), mi31M55 aml mfH0OTF  polymar-
hisnes, we did ot odwerve an menciasion of o parriculas
el or genoaype with sceptibility 1o or restetance against
lyrphaiid fever and paraiyphoid lever grouped as emderic fover,
or typhaoid Srior akane.

Déscussion

The main findeg ol this seudy s thar the commmon allde T of
the PARAK? edl{-25%%) polymorphism i significanidy bui
wrakly asocubed with tphok] amd paratyphosd foeer
ratsenls as compared 1o radosdy shedtod cammsnity gon-
trde. The wame pobmorphiem, e PARKI_p0l{-2599)
within PARRS amd PACRG, was, of all the pohamonphisms in
this gene g, mosl Enegly askianl with glinical
bepreny in a Vieinames pogulation a5 well ai 4 Brazilisn
populaten [7]. Allelen within this geme pegion tha were
lews stromghy bud significantly scodsted with leprosy, il
PARKD eON-687), mll3BE5 amd nl0a09, weme nob
found B0 be anockaied with tvphoid s parayphoid fevee.
Thes firadings of the prewnt dudy therefore, oeppart a rde for
the PARKS anid PACKREG gones in susorptibalisy o 5, frpdd amd
5 pavatyphi as they da mose wtrangly. in mseptibility 1o AL
keprae. amd they suggest that the emplicssel naschansen
linkesd eo ubeggsitination and proieswsne-mediaied proian
degradation conild be a commaon patireay in (he indracclalar
larg of these imtrageBalar pathogens |6,22),

Toe sy the s teceri ol PARE2FALRD polyenonphisms
and susceptibility 1o typhoid fever and paratyphoid Sover, we
comjred the prevalenieof the pebmsctplien in blood cul-
ture-conibmed canenof typhoid lever and pasatyphoid fever
o those of randomby selected commesnity controls from the
same study area. Frovisions: taken io miniswise misclasifica
Niorm oo s el contnods. have borm desonilbsd in dletail el
where [2]. T get & nobat estisaane of e prevalesoe of
PARKZPACRG polymcaphisms im the population, we
included 4 condrods for every byphoid or paraiyphisid fever
patient, Fusthermoer, e contral that, idmilady e 1k



s, prrsemited with 2 5 days of frver, but from whom bloosd
cultures shonsed cither o groath or growth ol Bucteris ether
than Safmiescfior, wiee recrilied daring the whobe sy
period. Alshough the fever comirols probably suffered from a
divergend spectram of disqases olber than miteris Tever, aml
mﬁﬂmimwlﬂw'w#ﬂ
ramdom (omsmunicy oonirobs do, we decided o imclode the
findings in this group fo further illusirate the dllelc freqoen-
it founall in the Indomedan population, Nmetten percentaf
the randamly selected comeminity contrals peportod o paial-
hle eprende of ryphoid fever i the paar. Probubiy this per
cemtage i an overestimation of the real numbser of caes dinde
sl fewer palients ane cmpirically treated m outpateent din-
i el confirmatory disgnoals, bul imporastly, the Jae
inbsation of polymorphisms imihe commuanity contrd group
w nof significantly different wheen these commumity con-
il wen Jeft ot of s snalyais, The age of the typhoid ciio
il e ramdoenly wrelecned oommasniny conimis dsl differ, a0
the incidence of typhaokl s higher in the age group < 20 yean.
I this pespect, Boswwver, the disrihution of palymaorphisms
in the cosmunity comiml group Sid not dilles far difforrm
g onharts, eg. thine < of = 1 vears old, OF mote, local HIV
prevabence is bow {eg. # IV positives were detected among
571 TH patients in a paralke] study im lakartah and is anlikely
tix b am inpartas) confismder.

We hypothesized that PARKXPACRG polymorphisms
might be aseociated with ryphaid end paratyphoid fever,
prern thi anverlap B immess mespenses 9 wdmonls and
aywedadter (6], the findisg thal FARKZPACRE polyrsar-
phisma are sirongly asanckaied with clinkcal lepeosy [7] and
m vitre stidies that seggedt & possible role for PARKY
PACRG regulatod groes i Safmosntln pathogenesis anid link
thes pathneay to Emiescelhilsr Bacterial evasion meckanisms
ard amtigen provssing for cross-presentation | 12-14,18],
The stusly was pewered 1o disorrn @ similar drong associa-
tiszm aa diicribend for lepomy, ie. an OR of 3-5. To hewe the
mevewary power o coedirm that the T alkele of the
FARKY of1f =259} pohymscarpum acts in a daminant fash-
i, @ sty with @ much Brgor sample sier wonlkd b
required, beeaise anly thres typhaid and onc pasatyphaoid
it wete OC homourygoees. In sddieion, the T allele appess
1 harve a brigher feequency intbe Indonesian pepalation [ Le
abaugt TE%) than that provisudly iound in the Vietnamiess
assdl Bearilian populitioes {stou) 65%] [7]. G the weak
bt dignificant seoceation between & PARKT polymonphism
el typhoid and parstyphoid fever companed 1o randomly
selecied commaanily comiroh., fulare sladis of langer
typhoid coluosts im Jifloeest populatiens should chocidats
what extent these prosesses may play & rode inothe comples
host defence mechaniama sgaim Safmonalia,
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