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Abstract

Project Code : TRG5880215

Project Title : The effect of blood groups, hemoglobin type and heme oxygenase-1
in malaria patients

Investigator : Assistant Professor Dr. Jiraporn Kuesap

E-mail Address : jirajira28@yahoo.com

Project Period : 2 years

Malaria is one of the most important public health problems in tropical areas of
the world. Several factors are associated with susceptibility to malaria and disease
severity, including innate immunity such as blood group, hemoglobinopathy, and heme
oxygenase-1 (HO-1) polymorphisms. The aim of the study was to investigate the
association of ABO blood group, thalassemia types, and HO-1 polymorphisms in malaria
infected blood samples collected from areas along the Thai-Myanmar border.
Determination of ABO blood group, thalassemia variants, and HO-1 polymorphisms
were performed using agglutination test, low pressure liquid chromatography and
polymerase chain reaction, respectively. Plasmodium vivax was the major infected
malaria species in the study samples. The distribution of ABO blood group in malaria
infected samples was found to be similar to that previously reported in healthy subjects,
of which blood group O being the most prevalent group. Significant association between
blood group A and decreased risk of severe malaria was found. Six thalassemia types
(30%) were detected, i.e., hemoglobin E (HbE), B-thalassemia, Ol-thalassemia 1, O-
thalassemia 2, HbE with O-thalassemia 2, and B-thalassemia with O-thalassemia 2.
Malaria infected samples with thalassemia showed significantly higher risk to severe
malaria. The prevalence of HO-1 polymorphisms, S/S, S/L and L/L were 25, 62 and
13%, respectively. Further study with larger sample size is required to confirm the

impact of these three host genetic factors in malaria patients.

Keywords : malaria, ABO blood group, thalassemia, heme oxygenase
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wanilasnnTeaSudasnsinanannnszansdunnssireanase Lo wlods
Aa =2 ' A | & o R A Aa
veandiiug 1 ldamanmnasoduwnzdaaddasinanidias ludiounaniond
[ ) Y P A A
AMzmaadilosivay lasawzaiadlulnadu 8 (Hb E) Sewusnnludsesinssibne
(Fucharoen and Winichagoon 2002, Chotivanich et al. 2002) Lﬁ@Laa@LL@G%:ﬁqmawﬂa



1 a A 1 Qs a { o U
wandsnlialReanaslnd SssnanuysuamnannuaSoassi llEle (Nagel et al.
o & =2 e o & A o A A a A o,
1981) ausumIAnMIANNFNRUInYIRea T1aadiills uszduaandiiua 1 lugiow
a & & A = g2 o & & A = v o ¢ o .
aspaduisingula MIAnsAII90AI RN N ANBIANUFUNUWTVEINIEAINE
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a < A o @ o &
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2 y r S - a .
yunsdszina insdawudymiseunaiisaadasnlilunisinmgs Jasanansznude
MINamLnanIduasIngy wssgiszdaneind anandoduliaaiaun
andaldidwihmanslunisaivguuesasdnisewidiolan innzluudazd fivszmnindy
350 19 500 AuA% AalTanaFoualfigsdiadszanm 1.5 Suau (WHO  2001)
nnEsiiannnsdaselusladainanaludsn (Plasmodium) Ndgaduwinziila lag
& a A = a A P o A A A o
daanaFeiidusnglunmaialialuaud 5 slia Uznaudis maiSssiadadniiy
(Plasmodium falciparum) 3nai38afialawand (P. vivax) Nna13aaiialainia (P. ovale)
a a A A ) a A A . & A
WAWSLTRANNASD (P. malariae) wazaaIuwialuiad (P. knowles) lasiTanne
1 = d%/ a a a [ d%/ a a 6 & a? d?’
lsaludszmnsdvlngfaamnansoriaNadwmsuuazizounansosia lawang natiisa
A v a a & A Aa A A A A [ .
nraldifansnTanwuuswsniluginguasnadoiiafennaiosialadnin dau
‘ﬂq’ t:lld 1 d‘y dl a a d‘y :’ o 1
denfimsuninaznolunasiuiuaziionsdaadiuuy relapse  uazthlugaanu
suusnazduladenaiFosiia lbuang
Aa d?’ a (2 6 a a % 1 a
1TiaranTanAIadaInIlaad (host) 2 Tiia Ao au uazgatuddasweiily
A A« ° ' & a a Y ' A Ada &
(3UN 1) Baduwinzihlin mIuwizaszemaiFogawianngsiudassnadoniize
A o ' A o A a & & a & 4. v a
nasenaawuazddesizaiingnizuaten aanisdndulsafaenneldifiadym
nMIgumTIMgTLaziaIsgnaludszimaiidavaw lasnaldiinein1inisedfing
' @ v & A A A < o @ 2 Aa
wanan9ns wu'lenslaidiannts nIelenmamldeansnia ldaudsnnzlsaiiainy
1 J A ] =) { o Qs { =) ¥
JULTI LU Aziaisdunanasdadunnatosiesunsindagiitasnmsdaize
naTaialadnsy vldiiaemslatiuazenarinlfizedia la (Newton and Krishna
£ ¥ 4 o . y . A
1998) lutszinalnatu AufiszunavesnnaiFoazwuriinnth w1 suduundindes
WInzadeay laglanizasnsBsvsnmmoiauiionanuadadenuiNauting Lwwanan
a 1 Qs 1 = Qs = Q 1 tﬂq‘ 1 ‘il =)
wafadenudszinansin siade uaziuym ull w.e. 2556 dandsenaliafinuda
aspriiaadniiv Saoaz 40 uazanaduriialwand Souaz 60 (60%) uaziled
WIRZRANABD anopheles species, An. dirus, An. minimus, An. maculatus, An. sundaicus
(WHO  2013) fsuddrgtanisaimaialsauazdannisansiiiasananaissludszing
Ingazaaas udmaseidineliifadymmedumminguluiuinouausaslszina
lasiawnzadnaB4lug190geu (Nacher et al. 2004) TignzinanzauiugIwIve Loy
dwnanlumaisaunasslulszinalned 3 7o fa (1) MIrzuiaveaTaunailse
a A o AL | = A A @
ThaWATWITUNABL188194720137 (2) WOANTINVDIYIWINE (3) N1TLARaUL8T89

Uszrnslwnsdsenauan@n (Kamolratanakul et al. 1994)
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(https://www.cdc.gov/malaria/about/biology/index.html ’3’%"7{ 30 WOAANNYL 2560)

2. il daiNaITaINUAATHITIVBIANTA T
a a J 1 a v 1 ‘v ai a
WeFanMnLaza NN IITadlnanaGeluagiunaeiade ldud Jadufifie
& a v A a v o a Y A o

NMTaNaEy Tadsiinanan uaztlasuduasasey laowuinddassnaisdsens
ﬁLLamﬁammﬁuﬁuﬁﬁumﬁu‘guuﬁwaﬂsﬂmmﬁfﬂ iruniidunuudriiiiia (Stevenson
and Riley 2004) ) flulnadufaUnd iu s1aadiie (Weatherall 1997), anuRaUnduas
o by Lo glucose-6-phosphate dehydrogenase (G6PD) deficiency (Guindo et al.
2007) guaanTalug (HO) (Takeda et al. 2005, Kuesap et al. 2010) tumor necrosis
factor-a promoter polymorphism (TNF-a) (Grau et al. 1989) LRZAMNRAINAAVDILATA
\RaaLad (Genton et al. 1995, Weatherall et al. 2002)

2.1 wgidaaaiile
1 A = | 1A nll a J a & A v 1
wijldeaiadle iungideanifialumusssunaluaunnandslansuzuanedny
o & > A d Y a . A d
nuinegnushavesiin (gene) AMILAUNNIFINILAALIU (antigen) LuRILTALREALAIN
ldFunsihanaameiugnisy lasBudinaniaguulaslulaui 9 dunis 9934.1-934.2
o ' a . d P A
Usznaudis 7 exons A1WBININNIT 18 Alaiwa lavsunlnyigafa Exon 7 &9l
. \ A A A A & A A
coding sequence atj lunmuzfl Exon 6 Adunimeamslddiusasaaniunyiioals uazdl
o &l AA A a A Aa & A
nathnuvadenloinaaas luauniingifeais sxliueudiawe agnfinzandaifaauas



A a LA a = P’ P A a & A ' A a A P a <
anndnyinaadaziuaudlandagniivendaineauas suauniniifeatadazling
a & A & A a A a LA A e a
waudlaunitauazaguulialioauas lummzmumm%u,aa@‘[aazvl,wumLLaumauLaLLa:
= a =3 A E = d' 1 a d' 1 a
DUBRUAALRDALAS sluﬂm;uuvl,wi*mwwmﬁannﬂﬂﬁwvl,uuﬂ"nil,l,amaamlaaLLaumﬁm
A =1 1A =4 1 a = A =1
maw;&mamauia Lmumiﬁﬂmmmvﬁ@amsmﬂimﬂumgma@LmJIa LRZWL
mmé’uﬁufmaomﬂﬁ@mSﬂuﬂszmwzmmﬂuﬂuﬁi‘my;Lﬁama (Reid and Bird 1990)
lummzﬁwummé'mﬁufmaamiﬁu,waluns:wazmmsl,l,azﬁﬂvl,ﬁl,ﬁﬂdquﬁuluﬂuﬁﬁ%i
\Haale (O'Donnell and Laffan 2001)
ﬂ’nué’uﬁufszmwmmgumwaﬂ'mmml,‘%fmm:ﬁumaopjﬂ’sﬂ LT %%il,ﬁamaﬁ
vl = & A I = a ) a A a P
Ta lasins@nuluwurainun laun miﬂnmlugumﬂm’m@nmmmuamaaLaﬁIaLﬂy
(Tadesse 2013) wuiszmnilnyiiaalaanniige lusneingiRoainugihoinaGe
a A LA = v & a1 wa Aa LA = A A
THATULTIFIFAABNYIREA Lo Uz I LL&@]GI%L%%’J’]@‘U’JE}Y}QJWHLNE}@ 0, O uwaytad &
anuhdanaifananFesiieguusannnitgihoningifoala (Tadesse  2013)
' a o o =< a a A o a a o A LA a
Lﬂmmmﬂuﬂumsﬂﬂmluﬂizmaaummowu;dﬁhﬂmmLsmu@ﬂawwmmgma@u GN
A A o [ a a £ | Ao o @ o & , A Aa
aurviiaen O fosnumsiiaunanzolinauadsadiliuimany aaiwghihounatens
LA AR A = o & a £
WilRea Lo uaz 1 ﬁmwmwLamgjﬂumiwwmLﬂummmwuauad (Rout et al. 2012)
¢ =< v @ e Aa LA a o & a
uaﬂmﬂuslu%mUm'mﬂmvl,@auumgmwgmwmgmaﬂia Alamananuunaisy

A

mum;ul,m"l@maﬂ (Deepa et al., 2011; Panda et al., 2011; Wolofsky et al., 2012) 1171

]

A A | A A g a
wilfaalaaziinninszansggalungifeaedlaluiunszuiazasunanonilan an
) & v & ' A & A A A o en &
Toyatuaasliiauingifealauazizennanisianugenlosnuludszifeaninig
FTWuIN1T (Cserti and Dzik, 2007) #aNAMNALIATNLINUANVFURUTIZATIIANNTULT
maammﬁmﬁu%il,ﬁa@l,aﬁh laswunidaizaanalFoshaNadwiTuuu LIl
wodayludtheniingifeais lurafivuen (Lell et al, 1999), 1a5lally (Tekeste and
Petros, 2010) uaz@wu1iuLa (Fischer and Boone, 1998) wulugtheniinyiiaatad 1763
89N (Pathirana et al., 2005), AR (Rowe et al., 2007) waziadlawtle (Tekeste and
Petros, 2010) uazwulugthonfinyiiead 1178wids (Panda et al, 2011) a3nu

=) Qs A 1 U =3 ' 1 a
ﬂ’]iﬂﬂ‘]ﬁﬂﬂ’]’]ﬂJﬁ&lW%ﬁ@]\‘iﬂﬂ’]’ﬂuﬁdﬂ'ﬁ EJ‘IT']’JVL‘V] mamauhasm 83

2.2 S1AEDLNY
v A A r=| a a 22 a d‘ a v 22 a (23
aETIY wIanzanuRalnduasdlulnain datiaannissediulnadn &
Tulnaduisznaudisany a-globin 2 818 LAz B-globin 2 718 TaaDLREILLG ldauRTE
Tnaduld 2 viiefe a-  wasiummaadiie (B-thalassemia) auANNAALNEVRIRNE
Tnafiu lay waadmaadiile (a-thalassemia) LinaNNNIANNUANTIINNTRIIIRNE a-
globin unlaslulon 16p13.3 (Yuthavong et al. 1993) ¥inl¥iAansidfauntasanndn
a ' o . = | [
Undluiiu weadmaadile -1 (a-thalassemia-1) mﬁmm;mmmn LA LaaWITIaE
A A . 2 A o | o v A A a
TLily -2 (o-thalassemia-2) T4AANUTULTINBY E1LUGITIAETLNY ANIINNITAY

unwsaslunisansans B-globin uulaslulay 11p15.5 (Yuthavong and Wilairat 1993)



g o Aa [ ' . % a .

Gnauﬂm@mﬂmiﬂmﬂwufmnﬂ’nmi deletion Ta&TLNY T Hemoglobin E (Hb E)
Wuw’mluﬂﬁ.ﬂ’mLaL%U@l:{uaaﬂLﬁmlﬁ (Fucharoen and Winichagoon 1987) tN@31NN17
glutamic acid ficodon 26 VaI&1e B -globin @28 lysine (Ohashi et al. 2004) F1a&TLAe
¢ & ¥ 44 g
BununzenlanlagianzlununninsscunavaInnaiiss (Vento et al. 2006) &9

) o o , v & & ) A Ada g a A

m’;:sawnumﬂmmamlﬂmummii’_’laaﬂﬂiﬂmmL‘mmmm@gﬁnmfnamafuﬁwmﬂa

Fwisulunanoui (Wambua et al. 2006, Mockenhaupt et al. 2001, Yuthavong and

g =

Wilairat ~ 1993) nshnsanuainlnaidunmseinsidainaniosdaWadnisy 390238
=) dv a a &4 < dy A a a A o
msdnen bwdeaaFerie hunddaiwdanwuanndnoiienisaas

2.3 SnaandILna-1
lowlodduaandiua-1 oraflunumaanluliaaunani3e (Shibahara,  2003)

- . 4 . y
laugnaanddwua 1 101 microsomal enzyme T35 2 isoforms fa HO-1 uaz HO-2 @9l
ununaanlunssaiudy (heme degradation process) vlwlanaanms 3 Tiiafa
AsuauNanenlaa (CO), DaIa3Tan uazian(Tenhunen et al. 1968, Shibahara et al.
2002, Shibahara 2003) lusiuldsluiaasvesdudveandua 1 Jiug GT N nwlasdl
mﬁwmﬂ%mﬂmwiazyﬂﬂa LLazﬁﬂﬂiﬂaﬁﬂﬁufmad single nucleotide polymorphisms

o 1 & g:

(SNPs) 2 @uniifia G(-1135)A  Waz T(-413) TINIANRAINRALVI (GT)n repeat
Waz SNPs Aa1nutNeTadnuNIT transcription N9%ANULN Long (GT)n alleles LNgdadny
A U a a J g; 6 Aaa & LY
1158 lasF AT ANIANTHURENEY Retnlawlriguaandius 1 anatduiilwung

& Qs % % aa
PRI NITN BNk UIAe ANUFUNBTVAILaW kT TNaaNTIU 1 LazNIaTY
nnanenlu in vitro LLazizﬁJ’mﬁiﬂm‘Yl’]\‘iI&JLaqa(Schluesener et al. 2001, Clark et al.
2003, Takeda et al. 2005, Yeo et al. 2013) ASANHIAMNARINAA LB (GT)n repeat
vaidudueandiu 1 InonuludihoTamdnznios (Takeda et al, 2005) uazlu
At inewszwin NenduluTmiuiiszunavasszindlng (Kuesap et al. 2010)

1 U { 123/ 1 U { 1
laswuin short (GT)n alleles wumnlugmUﬁﬁmazmmﬁwuauaa mﬂﬂ’ngﬂwﬁvlu
#1913 (Takeda et al., 2005) H9vilw lagua@giuin short (GT)n alleles 819¥i1lALFEIN
a £ a . . Aaa U o

AUAANMZIA S U UFNILAUNTHNNANT transcription 289TNaaNTILUE 1 Maﬂw ¥

v A a o & A ) =2 & o ea Aa
TWRuRRaA I INNIRaN8EN daunisansnldsluiaasiasszauta ki duaandI s 1
lu;‘il’ﬂfml,ﬁn“ﬁ’nLmuLﬁUuﬁﬁm's:gmmmnmia@L%ammL‘%Mﬁ@ﬂa%wﬁ'uwuhmsa@
AN ST RANTWITUIANTZAULaU LT TUaaNTILUR 1 LATLEAIIALAKINAIN
a a a a 1 A' J 6 Aan =1 % % 6 o
AaUNAT B WINAEaNITINNABTILaW L TNTUDANTILUT 1 LATHAMNNIFUNWTALAIN
‘;mm"uaﬂmmmL“’mu,a:mmL%Ua@iamslﬁﬂ%%mm (Walther et al. 2012) N138UEY

ea Aan = & & o o o, a A a
LN TNaanNTILUE 1 aommﬂuﬂiﬂmummu@msf[mmmLimuawmmnmﬂ@
A o ¥ A A [ & & > a
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= AV o ' a & o
maﬂ‘ﬂvl,@ﬁ]’mﬂ’liﬂaﬂlamElEI%J‘IJE]GLTﬂﬂEdﬂ’JEl



unn 3

A5aitwn15IY

[ % 1
3.1 dszrns@nsnaznstnualaeg
o & @ . A X a P A [ A ed o o
MnafivarediieangihonaSerialadniiuuszsialwindndaiy
NIATIUBLINBLUIDIUNIILIVBITT §1943% 100 118 lagtanzifaaainrasatiaad
U313 5 Saddanfivsasadsineugivazldiuomlunsinm dufealdieionlad
£ v v a 1 { L o g A a
LUURIILAZUNLAR S o REuTuNaa T LazBUs wnTa lunTzuaIRaa DILTNH
paluntzuamfaafniuinnin 100,000 drda tulasaas aunsaswunidunsdaizale
A a2 A . . o & a dql/ a
ﬂizLLaLaa@&luﬂSMMﬂgﬂ (hyperparasitemia) LLazﬁ]@L‘iJumW@L"ﬁa“ﬁu@EuLLN (severe
malaria) nuuMIMsanygieaailavasiihodisitnianaznan (agglutination
test) MNTUNIMTRAVITIAFTIY ¥INIFIATINLTInenLR luAUANTHRITINe LA
A A a A A a R A ¢ a
Tununlifiasaslalun15a399910312 R AI8IATIVN L TINUILIATITNAIRASLAAUNTY
AEIE SIUANNTNULALIULULANIRAINRA NN UINITNVIDUTNBNTILUE-1 VDS
AthouaGearienziluiesd jUans dudiefnm a1215117-maas anzaniag

ANEANT URIINLIRUTITNAIRAT

Aa '3 v oA A
3.2 NIATIVIATIZHANIELSIR AT LAY
MInTIINANTaINMzRaadiislagnsinanuiUNzvaddaiiaaiad (osmotic
. = 4 { Y =
fragility test: OF test) I@Ugmmmﬂmaammﬁammﬂummﬁaﬁﬁmmwwu 0.36% T4
& A a L&A vA & e A A a A
WalReauasvasnnlndzuannue udllaifeauasuesgiidunaadids uag Slulnadin
3 2zuan lanae amo"liﬁmmjﬁLﬁfluwm:maaLLaaW’]mé'as?jLﬁa-z Flulnadin 3 uaz Hb
cs alwnamianauilng mimaﬁmsaaﬁ]xﬁaaV‘hmu@'ﬁumsmaauﬁuﬁu WIDWUNTHA
v a & a @ ¥ o 1 Q ~ a
FEATNIAIIIN malummaslﬁﬁ]zmmugnummmamﬁﬁmaLﬁammaLLa:mimawu@S
Tulnadumeds LPLC msamaauiiidalfeauas (red cell indices) tHunsiadsunas
A & A A = ' £ v & A
LAAETBILNALRBALAY (mean cell volume: MCV) Tatdugiunisvrasnisasanuilaifa
atnaauy 0L (complete blood count: CBC) azzaumvithsbmasdiily lasaulndaziien
85-95 iluladas (fL) §Aidumnzvasneannmasdile 1 uaz 2 axlidn 70 + 8.7 fL uaz
85+5.5 fL @IN&1AU lummzﬁgﬁﬂuwmwaaLuﬁﬁmé'aé‘fﬂ,ﬁULLazLuﬁﬁﬁﬁaﬂ‘ELﬁmzﬁm
68+6.9 flL uaz 55+65 fL anwiay sugniduninzuasdlulnadn 8 9zl 84+5.1 fL
RIUNITNTINAT LR TRAVDITIN AT AU A 0819 RAATURIUNIATIILYNTHALSE
USumalalnad N anBusIaaTLEY AMURANNIINITATIALLNTRALAZANNLT T VDI
Flaulnadud837 low pressure liquid chromatography (LPLC) (automated analyzer: Hb
L 1 =} = 1 1 & £ @ A A =} =4 a =}
Gold) windratafaaiinan1Iasain ldiduniveassudmasdiiorsedlulnadu 8
A ° o v A A o ad . .
UANAT MCV @1 2evinnIaTianiueanIsasoLlga1827 polymerase chain  reaction

(PCR) lasasianuaanmaadiile 1 78ia Southeast Asia (SEA) Waz Thai (THAI) LA



AR NITN T 2 TRanTn1IINanIe lUuasdn -3.7 kb waz -4.2 kb uazwha
non deletion Hb CS uaz Hb PS

3.3 MIANAALAWLD

RNAGLOWLEINNABEILHBAATUAIU (whole blood) @Tm‘*g@ﬁ:ﬁm QIAamp® DNA
Mini kit kit (QIAGEN, CA, USA) sasuuzsinlumslfom udnihdrodediduailaly
AR 20 svenemEasauninaziallm

3.4 NMIMIANNRAINAALNVNKINIINVDIERTNDDNBILI -1

=2 A A an o A & A o X

anzdunuanuwanranszasiudueandiius-1 lasihdidwefianaangie
Tindsuna dduwasiuluslunaiensds PCR iaRsanzwavesdu laolding
\was forward primer AGAGCCTGC AGCTTCTCAGA U8 reverse  primer
ACAAAGTCTGGCCATAGGAC a18La38d PCR thermocycler (Perkin Elmer Cetus, USA)
in11e denaturation 91 95°C 10 W17 @1u@8 95°C 30 UM, 61.6°C 2 WM Uaz 72 °C
5 U7 $117% 40 U UAIRaA 8 final extension step N1 72°C 10 wfl nuwsin luen
2110289 PCR product lat gel electrophoresis uithunuiaa lguandidwianinig
= o & o o o a v a & &
Feaddn giuvesiwiugaves (GTn meldusyd udriiendlasudaduunuauuas
wuugufisuiuaiagInaszwid (GTn  dwau 25 70 lasdiadenfianuien
n91 25 GT repeats 320l TULUVURY waz@28819NUAMULNININNTT 25 GT repeats a2
daudunuuy nuuish ldmanusuiuisznieanunainnaiszasiwiugases

= a aa Y = s = a

(GT)n vasBudnaandiua-1 lugthoinanFoivanuuuszasdsaumaitolasRasm
AMUTHLTINNTIIBTalUNIzUAIRER

a I3 Aaa
3.5 NFILATILHNIEDA

MINATNANIRDA M lUTWnTH SPSS (version 12.0 SPSS Inc., IL, USA) lag

=i A = A a A v A A
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& o A A o a o & a A
1awaneg maasmuUﬂumwu;umwaﬂiﬂmmnﬂ @wwaaansolunszusifon)

o a = ana U = Q

ANURRINARLVBITIUWIUTAVBS (GT)n VaIBUTUBONTIUE-1 I%Eﬂ’wll’]a’]Liﬂﬂ‘Uﬂ’J’]%J
‘gmmmaﬂiﬂmmﬁﬁ ‘nuﬁ'@mmé’mﬁufmaomm%mﬂ%ammaﬁ'mqm‘smaamé’a%

Wonududueandius-1 Awuludihoanaids awienzidquis Chi-square 71 p = 0.05
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Plasmodium species (0] A B AB Total
P. falciparum 9 11 12 3 35
P. vivax 27 13 19 4 63
Mixed infection of 1 1 0 0 2

P. falciparum and P. vivax
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Variables Distribution in ABO group
o A B AB
Parasitemia (median and range, /ul blood):
P. falciparum 15,776 7,200 9,703 1,608

(461-80,300)

(800-41,429)

(355-70,095)

(1,600-2,300)

P. vivax 4,705 3,909 2,583 12,075 (1,563-
(64-74,667) (50-12,000) (150-42,988) 12,808)
Mixed infection of 2,920 (2,920- 22,720 (22,720- - -
P. falciparum and P. vivax 2,920) 22,720)
Hemoglobin (%):
Non-anemia (male >13, female >12 g/dL) 14 13 15 4
Mild anemia (male 11-12.9, female 11- 13 8 8 0
11.9 g/dL)
Moderate anemia (8.0-10.9 g/dL for both 6 5 3 2
genders)
Severe anemia (<8.0 g/dL for both genders) 4 0 5 0
Hematocrit (%):
> 20% 37 26 28 6
< 20% 0 0 3 0
Risk of developing severe malaria (%):
Low risk 30 25 25 7
High risk (parasitemia (>70,000 /ul) and/or 7 0 6 0

hemoglobin (<8.0) and/or hematocrit < 20%

° Statistically significant difference from patient with other blood groups (p = 0.026)
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Thalassemia Number Malaria Type Hb Hct MCV MCH
(%) PF PV  Mixed (g/dL) (%) (fl) (pg)

Malaria with thalassemia: 30 9 20 1 115 (5.1-14.3)  34.3 (15.9-441)  71.0 (53.0-91.0)  23.2 (15.2-30.2)
Hb E 14 3 10 1 11.8 (7.8-14.3) 355 (21.9-43.0) 73.5 (63.0-83.0)°  24.1 (20.5-27.4)'
B-thalassemia 1 1 0 0 6.0 (6.0-6.0) 18.0 (18.0-18.0)  58.0 (58.0-58.0)  18.7 (18.7-18.7)°
Ol-thalassemia 1 1 1 0 0 12.7 (12.7-12.7) 413 (41.3-41.3)  68.7 (68.7-68.7) 212 (21.2-21.2)
Ol-thalassemia 2 10 37 0 12.0 (5.1-14.3) 355 (15.9-44.1) 73,5 (53.0-91.0°  23.8 (15.2-30.2)
Hb E/Ol-thalassemia 2 1 0 1 0 7.6 (7.6-7.6) 24.0 (24.0-24.0)  62.0 (62.0-62.0)  19.7 (19.7-19.7)
B/Qt-thalassemia 2 3 1 2 0 10.9 (9.8-11.1)  33.6 (28.3-34.3)  67.0 (60.0-67.0  21.3 (19.6-22.7)"

Malaria without thalassemia: 70 26 43 1 12.4 (34-17.7)  37.7 (10.7-55.1)°  84.5 (50.0-101.0)° 27.80 (20.8-32.3)

PF = P. falciparum, PV = P. vivax, Hb = hemoglobin, Hct = hematocrit, MCV = mean corpuscular

volume (MCV), MCH = mean corpuscular hemoglobin

° Statistically significant difference from samples with thalassemia (p= 0.006)

° Statistically significant difference from samples with other types of thalassemia and without
thalassemia (p= 0.002)

¢ Statistically significant difference from samples with other types of thalassemia and without
thalassemia (p= 0.045)

‘ Statistically significant difference from samples with other types of thalassemia and without
thalassemia (p= 0.007)

¢ Statistically significant difference from samples with thalassemia (p< 0.001)

' Statistically significant difference from samples with other types of thalassemia and without
thalassemia (p= 0.001)

¢ Statistically significant difference from samples with other types of thalassemia and without
thalassemia (p= 0.043)

" Statistically significant difference from samples with other types of thalassemia and without
thalassemia (p= 0.006)

i Statistically significant difference from patients with thalassemia (p< 0.001)
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Anemic status Moderate
Thalassemia Non-anemia Severe anemia
Mild anemia anemia
Malaria with thalassemia: 10 7 7 6
Hb E 6 2 4 2
B-thalassemia’ 0 0 0 1
O-thalassemia 1 0 1 0 0
O-thalassemia 2 4 3 1 2
Hb E/Q-thalassemia 2° 0 0 0 1
Bra-thalassemia 2 0 1 2 0
Malaria without 36 20 11 3°

thalassemia:

: Statistically significant difference from patients with thalassemia (p= 0.016)

° Statistically significant difference from patients with other types of thalassemia and without
thalassemia (p= 0.023)

¢ Statistically significant difference from patients with other types of thalassemia and without
thalassemia (p= 0.023)

‘ Statistically significant difference from patients with other types of thalassemia (p= 0.019)
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Number Malaria species Malaria Severity
P. falciparum  P. vivax Mixed UM RSM
infection
Alleles, n (%)
S 112 (56)
L 88 (44)
Genotypes, (%)
S/S 25 8 16 1 22 3
S/L 62 25 37 0 53 9
L/L 13 2 10 1 12 1

UM = uncomplicated malaria, RSM = risk to severe malaria
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Abstract

Malaria is one of the most important public health problems in the tropical areas of the world.
Several factors affect malaria disease severity including innate immunity such as blood group,
hemoglobinopathies, and heme oxygenase-1 (HO-1) polymorphism. The association between
ABO blood group, thalassemia and HO-1, and malaria disease has been reported in some
populations.  Association between susceptibility and severity of malaria infection and
polymorphism of HO-1 has been demonstrated. Thalassemia is associated with abnormal
erythrocyte that might influence iron supply for malaria parasites growth. The aim of the
current studywas to examine the prevalence of various blood groups, thalassemia, and HO-1
polymorphism in malaria patients (80% Burmese and Karen ethnics) who resided along the
border areas of Thailand. Preliminary investigation revealed that Plasmodium vivax was the
major malaria species (63% ). The distribution of ABO blood groups varied among different
ethnics. Twenty-three percents were HbE, bata-thalassemia and type 2 alpha-thalassemia were
detected in 23%, 3% and 14%, respectively. Data analysis is underway to investigate the
relationship of these genytpic variants and malaria disease susceptibility and severity.
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Abstract

Malaria is a mosquito-borne infectious disease affecting humans by parasites
of the genus Plasmodium. Hemoglobinopathies are one of the factors that affect
malaria disease severity. Thalassemia is associated with abnormal erythrocyte that
might influence iron supply for malaria parasites growth. The association between
thalassemia and malaria disease has been reported in some populations. The
coexistence of thalassemia and malaria was reported to protect the infected host
against malaria caused by Plasmodium falciparum in several areas but not by P.
vivax in Papua New Guinea. The aim of the current study was to examine the
prevalence of thalassemia in malaria patients who resided along the border areas of
Thailand. Hemoglobin typing was performed using low pressure liquid
chromatography (LPLC) and a-thalassemia was confirmed by multiplex polymerase
chain reaction (PCR) methods. Thirty percent of HbE, B-thalassemia and type 2 o-
thalassemia were detected. Malaria patients with  -thalassemia and HbE with type
2 o-thalassemia are more likely to develop severe malaria. Further study with
increasing sample size is needed to confirm the effect of thalassemia on malaria
patients in Thai endemic areas.
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Address correspondence and reprint request to: Jiraporn Kuesap, Graduate Program in Biomedical
Sciences, Faculty of Allied Health Sciences, Thammasat University (Rangsit Campus), Pathum
Thani 12121, Thailand. E-mail address: jirajira28@yahoo.com



518191 UN15IRE

AMNUAINUAIETRsEUTNaandAUE 1 TugilaananEs

Genetic polymorphism of heme oxygenase-1 gene

in malaria patients

WLALANIA YyAD

[ > -4

mqusﬂsmmni AUNTAN

71 NU. 481 SIUIIANNATANITUNNE
ATMSAMITANRAS NWINLNNLFTTNANRAS

Un1s@AnE 2560



WUULAURSIEITUNISIREURIVNAN T ULN 4
MATUNATANITLNNE ATUZARLITANRRAS
NWIINLNRL BTTNAVAAS

TnsAn®n 2560

Fa3as (mmlng)  AruvanuanavesEuEieandaia 1 Tugilannanise
01309 (NMERINTH) Genetic polymorphism of heme oxygenase-1 gene in malaria patients
Hagide UETANGA oyan

UNANNINT AUNTA

Famnaigdndsnun  faeaAnansansed s Ansnl  Aawniwe
UUILY PUELNFTINENLATNEINGT TURAANSET ANUNTINTARRT

ADUZANITANRRT NUNINYIRYFITNAVARNT

-ﬂl 0 a o 4 =3 Qg/ = % % ¥ % 4 a o o é’ dl =3
Lu@ﬂ@’mﬂ’]ﬁ‘%’]")@ﬂiﬂLﬁﬁ‘@@utﬁ‘ﬂ‘u@'ﬂﬂLL@'J m‘wlmvl,mmumwmuﬂ’]if;wauuu INBUBAINN N TBRL

ananasgmEnedflusanunisidsnanysnl amisndaeulianie inamawdliuntnAnsigusialu 14

(WNANININTL TUNTAY)

ANHILTRLITB9D1ANFENTNEN
Iingnaguan Wiwseudnfusenunanysnl awnsndaneulinne 1o

(Hdaernansnansed m3. As1nand Aanine)

21138 1UTN1



UNARNED

AMNUAINUAIrasEuENaanTaIuE 1 lugilaanasy

A1 -

i Yeyda', aminsnl Aundas’, asnend Aanine”

ERRA a

' N1AATNNATANITUNNE AL ANINTANAAT NANINUNFEIBITHAVARAT

“IndraneuariEIngi TURRANET 419N UNTANENT ALANITAIART NUNINENRLGITUANERS

wanFedulsaniinanizels@nluaiananaluney Tulszmalnalsauian Gadaulvniia

d” = a a g a g d” 1% 1 (=3 A ¥ 3 | o
anaesaFaaiafatnainuazaiia louand Inaimesveideegludanenuasuazldinaniuidade

a o g

dugdunafuinuaziinatuou wulnfEueandams Jaauddnylunszuaunisaanadu IHnansug

a oA '8

Aa TaANa5AU ASuauNauanlEs Lazan nsuassaanaasdulnaanizdiullsluinasiinisaniu

% o

PRpRpR o o o \ P e R )
AALLRANNFNNNU V]’ﬂﬁﬂqﬁ‘l,lﬂm\‘]ﬂ@ﬂ?lﬂqL@uisﬁﬂﬂﬂﬂ@ﬂsﬁ@ LA 1 eLuLL[ﬂﬂz‘L‘!ﬂﬂﬂm']\‘lﬂu CNGREGNAI)

o

= L ] [ a dsjd o & dl ==
mmqumwﬂ\ﬂmmmL@ﬂiugﬂqmm\mumfm "lumif;fwmqmmqﬂizmmwamnmmwumnumﬂ

[

wpstiuEnaandaa 1 ludilasunanzelulszmalve Inediszianuugavesuaanigniu ugilos
= [ % [ % = & ad aa '8 a L'y Yo aa
11138 200 378 AINANTANYAUYTUATETAT AoedaNdens nanisanszinudngiaiatulng 3
wuuAa LL (153 918 aeay 76.5) LS (28 911 Faaas 14) uaz SS (19 91 Fasaz 9.5) Iaagilauann
o o A o N J v o o P IS ' 1 =
Jadnsrararidnwuzalulniuuy sS gendadilaaludsudaniyauys waziiavuunnsngedied

o o o

HadAyneald@ (p = 0.008) TedamAdaIiLN1TTzLNATaINNan T ludsudnazan ludasnan AN EA

v 2 PRI aal o = @ o A ad v o
ANUUAITNVANNUNRLUANEUTNAANTALLUA 1 IuaﬂrJﬂN’]@’]Lﬁ‘ﬂluﬂ?ﬁlmﬂimﬂ@’]@Lﬂuﬁ@"QﬂmLﬂﬂqsﬂﬂ\‘iﬂU

= a Zj/ = aa | k%4 = ¥
ﬂ']WN'J;‘uLLﬁ\‘i‘IIﬂ\‘]ITﬂN’W@WL?EI ANYNENRBNTALUA 1 ’ﬂ’]@LﬂuillL@Q@Lﬂf]‘w&l'}ﬂﬂl@\‘iﬂﬁﬁﬂumﬁﬂﬂL?ﬂ1®

o

o v/ = aal o aa = = a a o
ANRNIATY: FNRANTALUA 1, ATUIUTA AN, NIALTE, UarNIaFuTHANATNTH



Dl g

rity" has
adow i

] Close Wi

com/kijp

manuscriptcentral

logging in to https:

Journal of Parasitology.

o
i

1 polymorphisms on malaria susceptibility and seve

lication in the Korean
it your user information as appropriate.
//me

questions. If there are any changes in your street address or

.com/kjp and ed

and heme oxygenase:

full consideration for publ

nce or when calling the office for
Y.

manuscriptcentral

=
=
=1
]
a
5]
£
o
=]
E
o
E:
[}
=

/fmce.

-0A

227

.com
ffice

Manuscript ID 17-.

ap39@yahoo

in to Manuscript Central at https

itology.

com
.com, wn
Bangchang
"The effect of ABO blood groups,
been successfully submitted online and is presently being given
227-0A.

ot
Bt

for submitting your manuscript to the Korean Journal of Parasitolog

Nov-2017
2017

mail address, please log

You can also view the status of your manuscript at any time by checking your Author Center after

Please mention the above manuscript ID in all future corresponde

Korean Journal of Parasitelogy Editorial O

Korean Journal of Parasitology

06-|
Your manuscript ID is 17-

Dear Professor Na
Your manuscript entitled
Sincerely,

Thank you
06-Nov-

kjp.editor@gmail
kesaratmu@yahoo.

e

ct:

i
From

To
bje
Body

G

5

Date Sent

Korean Journal of Paras




Korean 'jou_maf of Parasitology |

Start New Submi

Legacy Instructions

Submitted Manuscripts

STATUS D TITLE

EQ: Lee, So-Jung 17- The effect of ABO bloo

297
OA

=

iting Reviewer

ssignment

d=

s 00 malaria susceplibiiily and seve

CREATED SUBMITTED

d groups, hemoglobir

sathy, and heme oxygenase-  06-Nov-2017  12-Nov-2017

10




Korean Journal of Parasitology

ST

& CHst7 | 4= 23

The Korean Society for Parasitology

The effect of ABO blood groups, hemoglobinopathy, and
heme oxygenase-1 polymorphisms on malaria susceptibility
and severity

Journal: | Korean Journal of Parasitology

Manuscript ID | 17-227-0A

Manuscript Type: | Original Article

Date Submitted by the Author: | 12-Nov-2017

Complete List of Authors: | Kuesap, Jiraporn; Thammasat University, Graduate Program in Biomedical

Sciences, Faculty of Allied Health Sciences

College of Medicine

SCHOLARONE™

Manuscripts

http://mc.manuscriptcentral.com/kjp

Na-Bangchang, Kesara; Thammasat University, Chulabhorn International




Page 1 of 13

O 00N Ol b WN B

A A DDA, PEAEDDWWWWWWWWWWNNNNNNNNMNMNNNRRPRRRRRERRPR
OO, WNPFPOOUONOOCULLPAPWNPRPRPOOONOULPEAEWNPEPRPOOONOOPE WNEO

Korean Journal of Parasitology

The effect of ABO blood groups, hemoglobinopathy, and heme oxygenase-1 polymorphisms
on malaria susceptibility and severity

Running head: Blood groups, hemoglobinopathy and HO-1 on malaria diseases
Jiraporn KUESAP' and Kesara NA-BANGCHANG*"

! Faculty of Allied Health Sciences, Thammasat University. Pathumthani, Thailand
% Chulabhorn International College of Medicine, Thammasat University, Pathumthani, Thailand

Corresponding author

Professor Dr.Kesara Na-Bangchang

Chulabhorn International College of Medicine, Thammasat University
99 Moo 18 Klongnung, Klongluang, Pathumthani, Thailand 12121
Tel. 662-5644440 ext. 1800

e-mail: kesaratmu(@yahoo.com

http://mc.manuscriptcentral.com/kjp



47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

Korean Journal of Parasitology

Abstract:

Malaria is one of the most important public health problems in tropical areas of the world.
Several factors are associated with susceptibility to malaria and disease severity, including innate
immunity such as blood group, hemoglobinopathy, and heme oxygenase-1 (HO-1)
polymorphisms. The aim of the study was to investigate the association of ABO blood group,
thalassemia types, and HO-1 polymorphisms in malaria infected blood samples collected from
areas along the Thai-Myanmar border. Determination of ABO blood group, thalassemia variants,
and HO-1 polymorphisms were performed using agglutination test, low pressure liquid
chromatography and polymerase chain reaction, respectively. Plasmodium vivax was the major
infected malaria species in the study samples. The distribution of ABO blood group in malaria
infected samples was found to be similar to that previously reported in healthy subjects, of which
blood group O being the most prevalent group. Significant association between blood group A
and decreased risk of severe malaria was found. Six thalassemia types (30%) were detected, i.e.,
hemoglobin E (HbE), B-thalassemia, a-thalassemia 1, a-thalassemia 2, HbE with a-thalassemia
2, and B-thalassemia with a-thalassemia 2. Malaria infected samples without thalassemia showed
significantly higher risk to severe malaria. The prevalence of HO-1 polymorphisms, S/S, S/L and
L/L were 25, 62 and 13%, respectively. Further study with larger sample size is required to
confirm the impact of these three host genetic factors in malaria patients.

Keywords: Malaria, ABO blood group, thalassemia, heme oxygenase
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Introduction

The widespread of malaria infection is a major public health problem in tropical and sub-
tropical areas especially in Africa and Southeast Asia including Thailand. Several host factors
such as innate immunity [1], hemoglobinopathy [2], and heme oxygenase (HO) polymorphims
[3, 4] were investigated for the possible relationship with susceptibility to malaria and disease
severity. Different geographic distributions and different ethnic populations are associated with
different genetic variants to protect malaria [5]. The Plasmodium parasites are directly related to
host red blood cells and therefore pathology of red blood cells could be expected to influence
malaria infection and severity.

The possible association between patient ABO blood groups and malaria development
and severity has been suggested since 1957. The frequencies of blood group antigens were
determined in Nigerian children with severe falciparum malaria [6, 7]. The relationship between
ABO blood group and severity of malaria disease was also investigated in other populations with
the focus on Plasmodium falciparum infection [8-13]. Significant association between ABO
blood group and severe P. falciparum infection was demonstrated in different populations, i.e., in
patients with blood group A in Zimbabwe [8], Gabon [9] and Ethiopia [10], in patients with
blood group AB in Sri Lanka [11], Mali [12] and Ethiopia [10], and in patients with blood group
B in India [13]. Falciparum malaria patients with blood group O was shown to be significantly
associated with protection against cerebral malaria, whereas those with blood groups A and B
was significantly associated with increased risk of developing cerebral malaria in Indian
population [14]. The association between ABO blood group and anemia induced by Plasmodium
vivax infection was investigated in Brazilian patients and results suggested increased
susceptibility to anemia in P. vivax patients with blood group O [15].

Thalassemia is a hemoglobinopathy caused by the alterations of globin chain synthesis
that is classified into two forms based on the abnormality of globin chains, ie., o and B-
thalassemia. Thalassemia is widely distributed and commonly found in malaria endemic areas
[16]. Previous studies demonstrated protective effect against malaria of thalassemic red cells
including hemoglobin E [17], a-thalassemia [2, 18], and [3- thalassemia [19, 20].

The association between human heme oxygenase-1 (HO-1) polymorphisms and malaria
infection was described in a few studies in different populations, i.e., Gambian [21], Malawian
[22], Angolan [23], and Burmese [3] populations. HO-1 is an inducible enzyme responsible for
the breakdown of heme, mainly from hemoglobin into carbonmonoxide (CO), biliverdin, and
iron [24]. The HO-1 gene promoter contains a polymorphic (GT)n repeat which influences the
expression level of HO-1 enzyme. HO-1 is beneficial for malaria parasite for growth and
survival within red blood cells, for iron supply from the hemoglobin degradation process. The
malaria parasite lacks HO-1 and is unable to cleave heme to release iron. In malaria infected
thalassemic red cells particularly those with Hb E, the most common types in Thai population
[17, 25], the property of red blood cells is changed from normal which might affect iron supply
for malaria parasite [26], and as a consequence the level of HO-1.

The aim of the study was to investigate the association of ABO blood group, thalassemia
variants, and HO-1 polymorphisms in malaria infected blood samples collected from areas along
the Thai-Myanmar border.
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Materials and methods
Study subjects and sample collection

A total of 100 blood samples (5 ml each) were collected from patients (62 males and 38
females, 27 Thais and 73 Burmeses, aged 18-60 years) with mono- or mixed infection with P.
falciparum and/or P. vivax who attended malaria clinics and general hospitals in malaria endemic
areas along the Thai-Myanmar (Kanchanaburi and Ranong provinces). The study protocol was
approved by the Ethics Committee of Thammasat University (COA No.012/2558). Giemsa-
stained thin and thick blood smears were prepared and examined under the light microscope for
the presence of malaria parasites.
Analysis of ABO blood groups

ABO blood group was determined in all malaria infected blood samples by standard
agglutination test using agglutinating A, B, and AB monoclonal anti-sera obtained from The
Thai Red Cross Society (Bangkok, Thailand).
Analysis of thalassemic variants and other hematological parameters

Osmotic hemolysis of malaria infected red blood cells was screened by osmotic fragility
test (OF test). Hemoglobin typing was performed using automated low pressure liquid
chromatography (LPLC) (Automated analyzer: Hb Gold, Cumbria, UK). The common a-
thalassemia variants o-thalassemia-1 (SEA and Thai), a-thalassemia-2 (3.7 and 4.2), and Hb
constant spring were analyzed using multiplex polymerase chain reaction (PCR).The
hematological parameters including hemoglobin, hematocrit, mean corpuscular volume (MCV),
and mean corpuscular hemoglobin (MCH) were analyzed using hematology analyzer (DxH,
Coulter, Miami, USA).
Analysis of severity of anemic status and malaria disease severity of patients

The severity of anemic status of malaria infected blood samples was classified as mild,
moderate and severe anemia according to the criteria of the World Health Organization [27]. Non-anemic
condition was defined as hemoglobin level of > 13.0 and > 12.0 mg/dL for males and females,
respectively. Mild degree of anemia was defined as hemoglobin levels of 11.0-12.9 and > 11-11.9 mg/dL
for samples collected from males and females, respectively. Moderate and severe anemic conditions in
samples from both genders were defined as hemoglobin levels of 8.0-10.9 and < 8.0 g/dL, respectively.
Malaria disease severity of all blood samples was classified based on the two laboratory criteria,
i.e., anemia (hemoglobin and hematocrit levels) and hyperparasitemia (blood parasitemia count).
The risk of patients to develop severe malaria based on analysis of the infected red blood cells
was defined as: “high risk” if blood parasitemia was >100,000/ul and/or hemoglobin <8.0 and/or
hematocrit < 20%.
Preparation of genomic DNA

Genomic DNA of all blood samples was prepared using a QlJAamp DNA extraction mini-
kit (QIAGEN, CA, USA) according to manufacturer’s instruction and used as a template for
polymerase chain reaction (PCR) amplification.
Analysis of HO-1 polymorphisms

The 5'-flanking region of the HO-1 gene containing the (GT)n repeat was amplified by
PCR using the forward primer ACGCCTGGGGTGCATCAAGTC and the reverse primer
GTGGGGTGGAGAGGAGCAGTCATA [28]. The gene was amplified in a thermocycler
(T100™ Thermal cycler, BioRad) under the following cycling conditions: 5 min denaturation at
94°C followed by 30 cycles of 45 s at 94°C, 30 s at 65°C and 45 s at 94°C at 72°C, and a final
extension step at 72°C for 2 min. The PCR products were subjected to high solution
electrophoresis and the fragment sizes were compared with (GT)27 repeat DNA. The alleles
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consisting of less than (GT)27 repeat were classified as S (short) alleles, and those consisting of
(GT)27 repeat or longer were classified as L (long) alleles.

Statistical analysis

Statistical analysis was performed using the SPSS statistical package (version 12.0 SPSS
Inc., IL, USA). The frequencies of malaria species, ABO blood group, and types of thalassemia
are summarized as percentage (%). Levels of parasitemia, hemoglobin, hematocrit, MCV and
MCH are summarized as median and range for data not conforming to normal distribution.
Differences in qualitative and quantitative data between groups were analyzed using chi-square
test and Kruskal-Wallis Test, respectively. Pair-wise comparison of the statistically significant
Kruskal-Wallis test was performed using Mann-Whitney test. Statistical significance level was
set at a=0.05 for all tests.

Results

Of the 100 malaria infected blood samples collected, mono-infection with either P.
falciparum or P. vivax accounted for 35% and 63%, respectively; mixed infection of both species
accounted for 2% of the samples. The median (range) of parasitemia in all samples was 4,205
(50-80,300) /ul, while those with mono-infection with P. falciparum, P. vivax and mixed
infection of both species were 7,764 (355-80,300), 3,618 (50-74,667) and 12,820 (2,920-22,720)
/ul, respectively.

Association between ABO blood group and occurrence of malaria infection and severity

The highest frequency of ABO blood group in the samples was O (37%), followed by B
(31%), A (25%), and AB (7%). No significant association between ABO blood group and
susceptibility of malaria infection was found (Table 1). The distribution of all types of malaria
infections was not significantly different in all blood groups, although proportion of samples
with blood group O with P. vivax infection was about three times higher than that with P.
falciparum infection. The association between the ABO blood group and severity of malaria
infection was further determined based on parasitemia, and anemic status (hemoglobin and
hematocrit levels). Based on these criteria, proportion of patients with high risk of developing
severe malaria was significantly higher in blood group A compared with other blood groups (p =
0.026) (Table 2).

Association between prevalence of thalassemic variants and occurrence of malaria infection

The prevalence of thalassemia in the samples was 30%. Among six common types, i.e.,
Hb E, pB-thalassemia, o-thalassemia-1, a-thalassemia-2, Hb E/a-thalassemia-2, and -
thalassemia/a-thalassemia-2, Hb E and a-thalassemia-2 accounted for the majority of all types
(14% and 10%, respectively) (Table 3). Only one sample with a-thalassemia-1 was SEA
deletion. All samples with a-thalassemia-2 were 3.7 kb gene deletion.

The association between thalassemia variants and the infected malaria species,
parasitemia, hemoglobin, hematocrit, MCV, and MCH were investigated. Results suggested
significant effects of these red blood cell parameters of the thalassemia in the malaria infected
samples. Significant difference in hematocrit, but not hemoglobin level was found between
malaria infected samples without thalassemia and those with all types of thalassemia (Table 3).
The MCV of malaria infected samples with HbE, a-thalassemia 2 and f/a-thalassemia 2 were
significantly different from those malaria infected samples with or without thalassemia. In
addition, the MCH of malaria infected samples with HbE, B-thalassemia and [/a-thalassemia 2
were significantly different from those malaria infected samples with or without thalassemia.
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The associations between malaria infected samples with or without thalassemia and
anemic status (non-anemia, mild anemia, moderate anemia, and severe anemia) were
investigated and results are summarized in Table 4. Significant association between malaria
infected samples with and without thalassemia was found. B-thalassemia and Hb E/a-thalassemia
2 were significantly associated with the anemic status. In malaria infected samples without
thalassemia, the proportion of severe anemia was significantly lower than that with thalassemia.
Association between heme oxygenase-1 promotor genotypes and malaria disease severity

The number of (GT)n repeat of the HO-1 gene in the malaria infected samples ranged
from 13 to 39. The size of HO-1 gene was categorized as short (S: 13-26 repeats), and long (L:
27- 39 repeats). The allele frequencies of (GT)n allele in each sample was further classified into
three genotypes, i.e., S/S, S/L, and L/L (Table 5). There was no association between HO-1
promotor genotype and the risk of development of severe malaria.

Relationship between ABO blood group, thalassemia status, HO-1 genotypes and malaria
severity

The relationships between the three host genetic factors in malaria infected samples were
investigated. Results showed no significant association between ABO blood group and
thalassemia type (p = 0.149), ABO blood group and HO-1 polymorphisms (p = 0.890), as well as
thalassemia type and HO-1 polymorphisms (p = 0.811).

Discussion and Conclusions

The ABO blood group distribution found in the samples analyzed in the present study
was similar to that previously reported in other studies in Thailand [29-31]. The most prevalent
blood group was O (37%). The most prevalent blood group in blood samples infected with P.
falciparum and P. vivax were B and O, respectively. It was noted however that the proportion of
samples infected with P. vivax with blood group O was about three times of P. falciparum. This
observation may suggest increased susceptibility to P. vivax infection compared with P.
falciparum infection in patients with blood group O. Blood samples with A antigen on red blood
cells (blood group A and AB) were not found in samples identified as high risk of developing
severe malaria. It is possible that patients with blood group A and AB are more likely protected
from severe malaria.

The association between thalassemia and malaria disease was investigated in several
studies and the protective effect against P. falciparum malaria by different types of thalassemic
red cells was demonstrated. These include hemoglobin E [17], a-thalassemia [2, 18], and -
thalassemia [19, 20]. In Southeast Asia, the major type of thalassemia is Hb E [32]. In the
present study, the most prevalent thalassemia variants found in 100 malaria infected, both P.
falciparum and P. vivax infected samples, were Hb E and a-thalassemia-2. Different types of
thalassemia had different degree of impact on the anemic status of the malaria infected samples.
The B-thalassemia and Hb E/a-thalassemia 2 were significantly associated with severe anemia
and the risk to development of severe malaria.

The association between HO-1 promotor genotypes and malaria infection was
investigated in various populations. Elevated HO-1 expression was associated with severe
malaria in Gambian children [21] and with cerebral malaria in Malawian [22], Burmese [3] and
Angolan children [23]. The association between HO-1 polymorphism and malaria disease
severity was initially proposed by Shibahara et al. [24, 33]. Later studies provided supporting
evidence on the association between (GT)n repeat polymorphisms of HO-1 and malaria severity
in Karen ethnic minority group in Myanmar [3], and Thai, Burmese and Karen patients in
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Thailand [4]. The proportion of Karen patients with short (GT)n alleles was found to be
significantly higher in cerebral malaria than uncomplicated malaria [3]. Significant difference in
HO-1 genotypes was found among three ethnics patients that may explain difference in
pathogenicity/severity of malaria infection in various ethnics. Nevertheless, the relationship
between ABO blood group, thalassemia type, HO-1 polymorphisms and malaria disease severity
were not found in the present study. This could be explained by the observed low prevalence of
S/S genotype and high proportion of samples with P. vivax infection with a typical characteristic
of low parasitemia compared with P. falciparum infection.

In conclusion, malaria infected red blood cells with [B-thalassemia and Hb E/a-
thalassemia 2 are more likely to develop severe malaria. Those with blood group A and AB are
more likely to protect patients from the risk of developing severe malaria. Further study with
increasing sample size should be performed to confirm the impacts of these three host genetic
factors, i.e., ABO blood groups, thalassemia types and HO-1 polymorphisms, in malaria patients.
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Table 1. The distribution of ABO group and malaria species infected in 100 blood samples. Data

are summarized as percentage n=100).

Plasmodium species 0] A B AB Total
P falciparum 9 11 12 3 35
P vivax 27 13 19 4 63
Mixed infection of 1 1 0 0 2

P falciparum and P. vivax
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Table 2 The distribution of ABO blood group and risk of developing severe malaria based on
parasitemia and the anemic status of patients (levels of hemoglobin and hematocrit). Data are

presented as median (range) values or percentage values.

Variables Distribution in ABO group
@) A B AB
Parasitemia (median and range, /ul blood):
P falciparum 15,776 7,200 9,703 1,608
461-80,300) 800-41,429)  (355-70,095  (1,600-2,300)
P vivax 4,705 3,909 2,583 12,075
(64-74,667) (50-12,000) (150-42,988) (1,563-
12,808)
Mixed infection of 2,920 2,920- 22,720
P falciparum and P.vivax 2,920 22,720-
22,720)
Hemoglobin ():
Non-anemia (male >13, female >12 14 13 15 4
g/dL)
Mild anemia @nale 11-12.9, female 11- 13 8 8 0
119 gdL)
Moderate anemia (8.0-10.9 g/dL for both 6 5 3 2
genders)
Severe anemia (<8.0 g/dL for both 4 0 5 0
genders)
Hematocrit (%):
>20% 37 26 28 6
<20% 0 0 3 0
Risk of developing severe malaria (%):
Low risk 30 25 25 7
High risk (parasitemia >70,000 /ul) 7 0* 6 0

and/or hemoglobin (<8.0) and/or hematocrit
<20%

*Statistically significant difference from patient with other blood groups p = 0.026)
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Table 3 The prevalence of thalassemia in 100 malaria infected samples. The hematological
parameters are presented as median (range) values.

Thalassemia Number  Malaria Type Hb Hct MCV MCH
(%) PF PV Mixed @dL (%) dh P
Malaria with thalassemia: 30 9 20 1 1155.1-143) 343 (159441 71.0 (53.0-91.0 232152302
Hb E 14 3 10 1 11.8(7.8-14.3) 355219430 73563.0-83.0° 241205274
B-thalassemia 1 1 0 0 6.0 6.0-6.0) 18.0 (18.0-18.0 58.0 (58.0-58.0 187 (18.7-18.7)¢
o-thalassemia 1 1 1 0 0 12.7 12.7-12.7) 413 413413 68.7 (68.7-68.7) 212212212
a-thalassemia 2 10 3 7 0 1205.1-143) 355159441 73.5(53.091.0° 238152302
Hb E/o-thalassemia 2 1 0 1 0 7.6 (1.6-7.6) 24.0 24.0-24.0) 62.0 (62.0-62.0 19.7 (19.7-19.7)
Bro-thalassemia 2 3 1 2 0 10998-11.1) 33.6(283-343) 67.060.0-67.0¢ 213 19.622.7)"
Malaria without thalassemia: 70 26 43 1 12434-17.7) 37.710.7-55.1)* 84.5(50.0-101.0° 27.80 20.8-32.3)

PF =P falciparum, PV = P.vivax, Hb =hemoglobin, Hct = hematocrit, MCV = mean corpuscular volume MCV), MCH =mean

corpuscular hemoglobin
“Statistically significant difference from samples with thalassemia p=0.006)

b Statistically significant difference from samples with other types of thalassemia and without thalassemia p- 0.002)

“Statistically significant difference from samples with other types of thalassemia and without thalassemia p=0.045)

Statistically significant difference from samples with other types of thalassemia and without thalassemia p-0.007)

¢Statistically significant difference from samples with thalassemia p< 0.001)

IStatistically significant difference from samples with other types of thalassemia and without thalassemia p-0.001)
EStatistically significant difference from samples with other types of thalassemia and without thalassemia p=0.043)

"Statistically significant difference from samples with other types of thalassemia and without thalassemia p- 0.006)' " Statistically
significant difference from patients with thalassemia p< 0.001)
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Table 4 The association of thalassemia and anemic status in malaria infected samples. Data are
presented as percentage (%) values.

Anemic status

Thalassemia Non-anemia Mild anemia Moderate anemia Severe anemia
Malaria with thalassemia®: 10 7 7 6
Hb E 6 2 4 2
B-thalassemia” 0 0 0 1
o-thalassemia 1 0 1 0 0
o-thalassemia 2 4 3 1 2
Hb E/o-thalassemia 2¢ 0 0 0 1
Bro-thalassemia 2 0 1 2 0

—_—
—_
o

Malaria without thalassemia: 36 20 3
“ Statistically significant difference from patients with thalassemia p=0.016)

b Statistically significant difference from patients with other types of thalassemia and without thalassemia p-0.023)
“ Statistically significant difference from patients with other types of thalassemia and without thalassemia p=0.023)

4 Statistically significant difference from patients with other types of thalassemia p-0.019)

Table 5 Distribution of HO-1 promoter genotypes (S and L) including allele (S/S, S/L, and L/L)
frequencies and malaria severity in 100 malaria infected samples. Data are presented as
percentage (%) values.

Number Malaria species Malaria Severity
P falciparum  P.vivax Mixed UM RSM
infection
Alleles, n %)
S 112 (56)
L 88 44
Genotypes, (%)
S/S 25 8 16 1 22 3
SIL 62 25 37 0 53 9
LL 13 2 10 1 12 1

UM =uncomplicated malaria, RSM =risk to severe malaria
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