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Review article

Antimicrobial peptides: The natural proteins and the future

application for treatment of infectious diseases

Sorasak Intorasoot

Division of Clinical Microbiology, Department of Medical Technology,
Faculty of Associated Medical Sciences, Chiang Mai University, 50200, Thailand

" Corresponding author (Email: isorasak@hotmail.com)

Abstract

Infectious diseases caused by microorganisms are involved in life-threatening worldwide.
Of these, bacteria is the major cause of morbidity and mortality. During the decade, an increasing
of the prevalence of antibiotic resistance pathogens has been reported. The resistant ability of
microorganisms is studied and defined to be associated with over-used drugs, inappropriate
treatment and prolonged therapy of infected patients. Although new antibiotics are continuously
discovered, global trends of multi-drug resistant infection still remained. Antimicrobial peptides
(AMPs) are small cationic peptides which produced by broad range of organisms from inverte-
brate to vertebrate. Due to the fact that AMPs have high positive charge, they prefer to react
with the negatively charge of microbial membrane and represent antimicrobial activity against
gram-positive and gram-negative bacteria, virus, fungi as well as parasites. Modes of AMPs
action are explained and models of microbial membrane disruption by AMPs are illustrated.
Five potent AMPs consisting of cathelicidin, defensins, histatins, protegrins and magainins
are selectively reviewed. Cathelicidins, defensins and histatins are human short polypeptides
that mostly found in various kinds of cells, tissues and body fluids whereas protegrins and
magainins are synthesized in porcine leukocytes and skin of Xenopus laevis, an African clawed
frog, respectively. In vitro and in vivo antimicrobial activities testing of these peptides are over-
viewed. Others actions of these peptides such as endotoxin neutralization, immunomodulatory
activities, angiogenesis and wound healing are included. In addition, the application in clinical
trials and trends of AMPs research are discussed. Bull Chiang Mai Assoc Med Sci 2013;
46(1): 1-19
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Figure 1 The secondary structure of antimicrobial peptides

Several secondary structures of antimicrobial peptides are illustrated for example alpha-helical structure of

LL-37 (A) and magainins (C), beta pleated sheet structure of beta-defensin-2 (B) and protegrin-1 (D), extended of

indolicidin (E) and loop structure of thanatin (F). The three-dimensional structures of these peptides are prepared by

Cn3D public software (www.ncbi.nlm.nih.gov/structure). The reference accession number of antimicrobial peptides
LL-37, beta-defensin-2, magainins, protegrin-1, indolicidin and thanatin are MMDB |D: 66825, 16324, 74736, 73760,
74222 and 12286. Arrows indicated the direction of beta-sheet structure.
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Figure 2 Modes of action of antimicrobial peptides

Modes of action of antimicrobial peptides are depicted in panel A-F. Various intracellular targets of peptides

are demonstrated including the inhibition of DNA or RNA biosynthesis (A), blockage of protein synthesis (B), inhibition

of protein folding (C), targeting to subcellular organelles such as mitochondria (D), binding to cellular enzymes and

inhibit enzymes function (E) and blockage of structural components associated with cell wall synthesis (F).
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Figure 3 Models of membrane permeabilization of antimicrobial peptides (modified from Jenssen et al.%. Three

models of pore formation mechanism consisting of barrel stave (A) carpet (B) and toroidal model (C) are illustrated.
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d1Funees HBD-2 fangadeanunisaniiiulsalug
YelspaziAn@dutuALaiy LL-37 anaoa®™ tlafnen
fafFanunisuandeantad apha-defensin Aeluimag
aaana19ialnsWa CD8 lymphocyte WAz WaNEN L
Athasadaleda HIV-1 wudnFuno alpha-defensin
va & o A | | = =1 A e
ARaEalofalAganInguAtLANTalaRnTaa Tl
o o =< | vA o %% | A X
adty BanguianlalideagldnnisintuesFunn
alpha defensin \Neadasiunsiadeliia HIV-1 359
LﬁmmﬂmiﬁmL%faﬁqnmqLﬂumimzﬁuiwugﬁﬁuﬁu
1 = o v v I3
YAIFINEAABALIANAIVN TN aasaldinaaan
NIRADAANTULALINLY AINNTANENUDY Bevins LAY
Salzman (2011) wuan1EAvseannisaiadlng
alpha-defensin (HD-5 wag HD-6) @3 193 nimaa Paneth
WNeadeenulsalagviu (Crohn’s disease) daiflunnsaniay
18981 b&WLLIEBY (chronic inflammatory bowel disease)®®
wazannisAnEnAaxnuailllng HD-5 Adaudanlu

247,48
il

nesidaqatwluanl dau HD-6 wudnlaifignaly
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1 | I o o
nrsdalpsmsanmldinaainnsalsznaunuilulasg
1 1 1 v as ‘ﬂy = v s
$99A118 (nanonets) MaviuAmaaTnliuazilaaiunig

o . & L A v a & & =
WNINAA (invade) 1amar 1w et adnlURnmeluiuan
] Ao =1 & Is
fall*® anwan1siaamantnanalmiiudndding  de-
fensins BudduNgadadlumsfiutsnaasyuazilasiy
n3AAmalnLqaTNAINNEUBNTINIY BanaIniifany
' ' . =2 A v o o
th/lng defensins @UAHATRINUNITENLAL AINITD

TEAUNITULNLTIAR WASAINITDANAALTARLUTTUY

a Yy v

n
niRAnmudn L FnmRame (chemoattractant) 167 *

3. Histatins
Histatins LHutlUlnasiugadndsasiesann
Lsﬁ@ﬁmmmﬂmmﬂuéwmwmmgwﬁ Vi LEA
WWaRAUINT BMNY LAarAaNuiIans® Uszneunqansa
azdlullszanns 7-38 v warinsaazily histatin 1w
aspdsznaundn HlaseairaRa)iuuy alpha-helix
gransauantaiiy 12 olla (histatin-1 99 histatin-12)
1mesl histatins MaNINsNaNNTUARAS histatin-1, -3 LAY
-5 1ne histatin-1 uaz -3 (Huilflnafignaisauaintuy
HTNT uaz HTN3 maansy histatin-2 (lulisAungnsin
tiaean histatin-1 891 histatins Ttinau ilullsAungn
ARtataanuIaIn histatin-3 Jaatiumudn histatin-5 §
dsz@nanmlunsfiudanisiasyresieaadnlanngn™
histatin-5 sznavlilfqansaasily 24 fq da8nTA
ariludarmuiuasrlsznantlszann 29% visatlszanng
= A I &
nisluainaasnsaaslunaaansluasaaalling
& a foaq s as 3 a L!a‘/
willnagiaidaguaniFlunisiuganisiasyretas
vaigs e ] & A Ao °
165 wananitanuini/neatiaiiinalnnisvinans
= | & = A o a Aa 's
daunnsaaniddinaau s Nendanisiiaginaemsa
WNLITYE 1AE histatin-5 @N1T0AUNULIARLNNLLITY
o { ‘Qﬁr o
wazunsnsdnllineldeangnivinanglalnAaunse
2 o Ao o a ¥ ¥ o
gailuaauniuandAyuaziiadadlunIra59naIu
Yo a ada | ° v a o
MeluEmaALAURINTIR danarinliinn1r3aluaueq
an9sn9 7 nalululapauaie U cytochrome C, ATP,
potassium ions LA G1 cell cycle arrest LAZNANNTAZAN
UBNE1T reactive oxygen species (ROS) ﬁ’]vl,ﬂzjmmw
PRITAR I UNga"™
= ao A @ < . .
Ar1a9ul[aineanunaaes histatin-5 1ung
fULNNNTLAT I IBLTR T INLANANNIT DU LA YD
‘e C. albicans, C. glabrata YNANUWUSHULLIL (wild
type) uazasRuginasaslungy azole, Cryptococous

neoformans ﬁmwﬁuﬁﬁmmumewﬁuﬁﬁﬁm@
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¢1 amphotericin B e C. krusei Wag Saccharomyces
.. 58 ! a a 1 & o (4
cerevisiae®® warnuindsz@nsniwlunisdndetan
C. albicans NAesaglungy azole anaslsran 8 vire
18 W1 aNm7asunadnsaasRlunmwman 14 way
15 410 Wilaazatu (phenylalanine) wazdaRauiluay
a2 ° ' = a a A o '
AUUNIABIALLIvT e asuLainsaas Nl LR AW
18 WAT 19 ANNBARAUNIADIALNUILTUDZAITUN
o 1 Y @ 1 a A =1
ARIALUUY LaAglAiNITNI AR N luATanza uLAY
gannulusiulasinaiaiiazianudAyanisaagy
. PN I
FNUAZNTOBNOVENTDIATN
< '
annisagaugnsrandllng histatin-5 lu
v & 3 A i i a a
NIAWTR C. albicans NIATFNE 7T WUINLUTZEANENN
TunrvanemawlsAuA NI Sz TAsIBLNNTE S
warlunsundanuldineasinavinliidma C. albicans
A o A X v A= 1% =~ A o
AARTINITANLLANTUARE L BANNIIABITALlaNNA
(proteomics) 189® C. albicans NMURAIAINNITLNTIN
AU histatin-5 7N1La1F19 ] WUAHNNTIANLTNN DY
ldsAunanaaianislululnaeusss wastilulilsfun
WNeadeanunIzuIuNInensiaRugNIsH mu  elonga-
tion factor-1 alpha, ribosomal proteins TANYNNTLNN
X . 4 @ a de o .
112949 histones FNulUsAUNALALANBUBIRALEULE
N‘ a @ =l v d‘ =
WapaannsLaularadlulnpaueseld Tuanenllssu
DAL AIALNTZUIUNITINLNUD AT HLASNTZUIUNNT
ASNATNBUUNNITUAPIBBNTNAAAT LALILANIZDENY
fialilsAuninandaanunszusunsnsalanslumasnay
Apanaiasd (Krebs'cycle) L@u ATP synthase gamma
chain, malate dehydrogenase ({usiu® @sandeya
sanananandlmiiudlding histatins Hnalasnsise
=) Qy =) d‘ ﬂy a a 1
lulppauwprsuadmatasluansimanuaiizaluiluln
2 . = a a 1 1
ABULATE 9V histatins HUszananinudeslunissn
Qy a A
FawuAnLEe
TunrgAnseuaamansaaalllng histatin-5
Nu@e C. albicans NUNYNFANG 7 WUINgUNDH 37
a A v v o
aaAEALTaE NTLANAN N NT el UInalusse
fN9 7 @aNnsaduiianisiasyrendedannluglaes
germ tube UaY blastoconidia lAAT wanaINnITLAa
srozandalasuilinsiunisidlanalmdding
1% v =3 ° = 1%
W llazanaaanielumaalaninluLazinaeimale
d:%’ | ar a a = L:gf = &
pawruiu Turegungil 4 esaades Iatar
gapsdnTRTyAUlAANUNAN AN NN UG ] 289
willng atdlsfinuiianaaaulnanisvinmatanniiy
éQNﬁULﬂﬂimﬁﬁfqmmﬁ 4 @9ANTALTEIE LIIUWAAN 45 U
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| oA a ¢ @ <
liinsan 37 asAmmaldes LasnTIRRARINLLIBTITELR
a 2 L3 1 1 |
NNTHTIRUVDITAREAANLINNANBABIANN 90% L1114 22%
wanANWNeUNEaTINAL sodium azide TaLiluanIN
Aaluni78USIN T2 UIUNT LN LN LD AT N DILTARWLIAN
= ° = v a
WU InARANNAINITOIUNTYINAN T AAAILI AN TLAN
AN NTULEY histatin-5 dayamantinandliiiudnnaln
£ < . . Z o @ v o
nraangnaretdllng histatin-5 wuawflusasande
A % a v 51 |
NILUABNITLINLNUDATNYDIEAALIN N LT D9 L1l
2008 Torres WATANE bAANHITNAMNANNUSTENING
ANt NTuadUng Histatin-5 TUN1TAANTLLIUNNT
colonization 1a4t@asTluiesn luthansvesitefian
daleda HIV-1 Wisuiiiauiunguautng wuangilosd
lanaAANTzUIUNNT colonization 4848 C. albicans
Tudasnlate 45% luanueiniines 17% luaulni
WL WaztlanaaaLurANNdNduaed Histatin-5 11
I}j{ﬂmﬁﬁmﬁ@iﬁ@ HIV-1 #9878 Enzyme linked immu-
nosorbent assay %38 ELISA WUANAANLSAAINNIINTU
& v ' v v oA a A e
aaaldInatiasndianndndunnuluaulnfesnale
o o aa = L Ao | A PR
@AYV AR AannsAnATIiianudnguaenls
Funsinmsaaasnulaialungs protease inhibitor (P)
's 3 | '
HfFanuanndnduealdlng histatin-5 Yasndngs
rz:&:ﬂwﬁiﬁ?ummﬁw reverse transcriptase inhibitors (RTI)
atedTdATYNNENA wandliiiudienlungy Pl ena
Anadudaeulnd proteases Tusneifidauiiaadasiu
rﬁmﬂfaﬂLﬂﬂ”lmﬂﬁ@gﬂugﬂﬁﬂﬁmﬁimaanqw%ﬁﬁ LAZANNA
NI ATIRLAAILAIILAN histatin-5 Tutna g RUNLIN
aAnylunistlasiunisifiangzuaunig colonization 184
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4. Protegrins

Protegrins tTulnasnuaadinlszneusiag
nIARLAluaIUIL 16-18 fin lusIsuTRas19Tulueag
Wnaan191e9gns aqtiunwudl 5 1ila Ae protegrin-1
09 -5 lpgdlAN NS auIaIaIALNTARZHNLY (amino acid
sequence similarity) AMelunguaINNdn 77% Hadain
= s o 4‘1’ =) dld 1 a Ad‘
HAnuanTAluNIINaeTeadnAANII 18y prote-
grin-1 [sgnidieAndsaxnndiaingu laanwy
ndszannd 1 Tu 3 aaensaezilunavuanialuans
yaautflng protegrin-1 {lunsaerfiluansaiu annis
= ¥ . Ao X o
ANENlATIATINBY protegrin-1 NALATIZAIUAYE NMR
spectroscopy WudNN7ANUT9TadlATIaF ey ARy
WUU beta-hairpin IngenAanisas1avusyladalufann

N = = o A =~ ° | A v
NIANIUTAIREU 4 A7 IAANTAAEUATLIUNT 6 @519
WUSLALTAADUANUNUGT 15 LAY TALAAUFIUNUIN 8
1% o o = a o A 63 & oA =

AT NNUSZALTALABUAUUUIT 13% UanaInTlaAnEN
TAraaisuaznalnlunissini@aqadinues protegrin-1
lnanAgeuiUaNT&AINZY paimitoyloleoylphosphatidyl
ethanolamine (POPE) ua¥ palmitoyloleoylphosphatidyl
glycerol (POPG) GiiAniastIiAG iU 0 TARINNLLTY
st NMR spectroscopy wualdlnaanunsaunsnsa
Y A v 2 s o
dnldluansiAdneduessaaiNaLsUlae N sa U uLes
whlna 2 Taana (dimen Tugtwuuaes N-C terminus 1
laanauaz C-N terminus @n 1 lauwanaiiatiulaseaing
NC-CN structure lagandanuselalnsiausznanall
InAnaaed waaldanuau 4-5 Tuwed dimer (octameric
YED) decameric) 1uﬂﬁm%”1\‘igﬁﬁwﬁﬂﬁ (beta-barrel pore)

FITMNATVALIALTZNI 21 BIAATEN 91171 10-100

a

Table 1 Amino acid sequence and secondary structure of some antimicrobial peptides

Antimicrobial No. of Amino acid sequence The
peptide amino secondary
acids structure

LL-37 37 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES Alpha-helix
Alpha-defensin-1 30 ACYCRIPACIAGERRYGTCIYQGRLWAFCC Beta-sheet
Beta-defensin-1 36 DHYNCVSSGGQCLYSACPIFTKIQGTCYRGKAKCCK | Beta-sheet
Histatin-5 24 DSHAKRHHGYKRKFHEKHHSHRGY Alpha-helix
Protegrin-1 18 RGGRLCYCRRRFCVCVGR Beta-sheet
Magainin-1 23 GIGKFLHSAGKFGKAFVGEIMKS Alpha-helix
Magainin-2 23 GIGKFLHSAKKFGKAFVGEIMNS Alpha-helix
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° v a o< K3 P | '3
7 MbAAaneTresssiiuazllsiuse o neluiag
| | ¥ '3 o a 64. 65
pangNeuanuaraIRalimasuLATITam el ungn®
s1891UA s Va8 TUlANINITNAEa L
Uszansnnlunisfiusaumaaainaes protegrin-1 Nl
. . o o . . 1
NRBANANRN (in vitro) wazludninaang (in vivo) WL
AuaNFluNsuTuTaaadwiluwuunde Ineannsn
AT IUENTEULATNITENILUNGNUNTNLINLAZUNTHAL
WULAERNWAY LL-37 WaY defensins it &IN1TONITD
L. monocytogenes, E. coli, iaZ Neisseria gonorrhoeae 74
D@ aLUANEFeABL188Y methicilin-resistant S. aureus
(MRSA) iatian C. abicans uwazlaianfinfilaanasng
HIV-1 TaenaldiAanadadulunisiudideatssning
1-10 lalasnsu/Aaaans® LazaInTIedNIuIfeuad
o £a . ¢
A7ANA BUNTEA UATANL (2011; unpublished) T lANAaaL
< . o £ .
0NaURN protegrin-1 FuATen (ANHNLTFNENINNIN 95%)
AUNNTEUENUTORNTARLATITENILNTNUINLAL LN TNAL
v o A a o & ~ v
nansaeiugnaniuaeiugunsgukasiuenliann

WRAEE (clinical isolates) i S. aureus ATCC 25923,

UR 46 oUUA 1 unNsAU 2556

Bacillus subtilis, E. coli ATCC 25922, Klebsiella pneu-
moniae, P. mirabilis, Enterobacter aerogenes, S. Typhi,
S. Enteritidis, Shigella flexneri, S. sonnei, Vibrio cholerae,
V. parahaemolyticus, P. aeruginosa ?QNaQL%@LLU@ﬁSﬂ
E. coli %qgﬂmmumm%’wmﬂ‘ﬁﬁ beta-lactamase
(extended spectrum beta-lactamase (ESBL) producing
E. coli) wavi@auuniiae A. baumannii inesABHN
e Tt (pan drug resistant) 1AeAs standard broth
macrodilution wazlde11UfFaus gentamicin tusa
ATLAN m’;‘%”ﬂwudﬂﬁhmwL%’N%’uﬁﬁqmmﬁﬂﬁmmm
fudadeld MIC) ﬁuafgiwdw 0.39-9.37 lulmsnia/
fAaRT (9197 2) aeARdEITUNNATTILATTNEINY
mrifauﬁm?g@LLUﬂﬁGmwﬁuﬁﬁu’166 adalsfinn
ANNWANNIIREASITNUN e P, mirabilis §1X17ON
Aallng protegrin-1 18AlasfiAnaasaa N idndwsn
qmﬁmmmﬁm‘fuéﬂﬁmmdﬁ 25 lulpsnsw/Aanans
nszuaunsdunusedndesdesananaiud sl
Hlufinsuudda wienainanuanailade u dou

Table 2 In vitro antimicrobial activity testing of protegrin-1 peptide and gentamicin

Protegrin-1 Gentamicin
Bacteria MIC’ MBC’ MIC MBC
(Hg/mi) (Hg/ml) (ug/mi) (Hg/ml)

Escherichia coli ATCC 25922 3.12 12.50 0.70 5.00
EsBL’ producing Escherichia coli 9.37 25.00 0.62 0.62
Pseudomonas aeruginosa 6.25 25.00 2.50 5.00
Staphylococcus aureus ATCC 25923 3.12 12.50 0.31 1.25
Bacillus subtilis 9.37 12.50 0.46 0.93
Klebsiella pneumoniae 3.12 4.68 0.23 0.31
Acinetobacter baumannii 6.25 12.50 > 40 ND’
Proteus mirabilis >25 ND 1.25 3.75
Enterobacter aerogenes 4.68 15.62 0.46 0.46
Salmonella Typhi 117 2.34 0.07 0.23
Salmonella Enteritidis 1.17 2.34 0.62 1.25
Shigella flexneri 1.56 2.34 1.25 2.50
Shigella sonnei 6.25 6.25 1.25 1.25
Vibrio cholerae 3.12 6.25 1.25 1.25
Vibrio parahemolyticus 0.39 3.90 0.70 1.25

'MIC
* MBC
® ESBL = Extended spectrum beta-lactamase
“ND

= Mean of minimal inhibitory concentration

= Mean of minimal bactericidal concentration

= Not determination
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Usznavaesansludureamadiusiusulngss siafnes
B0 P. mirabilis WANFNSANIEaLLATIGEAUAeTal
malaauuasdautlsznateamaalsisy (bacterial
cell envelope components) Lt ﬁﬂiﬂ@tﬁiuﬁﬁﬂiz'ﬂ
vanatnsladuly phosphatidylglycerol® Gavinlinalillng
wnsnsalludureamadissiusulaldvialdlsis vide
nalnau ) 1w N9a%19 outer membrane proteases™
WIANN9EI efflux pumps Lﬁ@ﬁﬁmﬂﬂimﬁﬁmaa%w
aanll® ({usu
wananidawudndingsiss@ansnnwlunis
fufudedisandalaasunsoviildsuindewnafie
MRSA UWa% P. aeruginosa aARNNINNGN 3 IogwO meglunan
e 15 U9 LL@zLﬁfawmmuwmmnwﬁ@ﬁifamﬂﬁ%quz
Tmﬂﬁﬂl,%mmmﬁﬁﬂiﬂLWﬁngméquﬁumﬂﬁ%uw%
wlngfiaonadadu 0.5 Lvheufawmw,‘ﬁ’wﬂ/uﬁi"ﬁqmﬁ
snansofiusaiald (0.5 minimal inhibitory concentration;
MIC) udamnziaesaalianuauannndd 10 afa wudna
mmm’mLfﬁms?fuﬁi"’mgmﬁmmmﬁugmﬁy@iﬁﬁ@ MIC &N
Qa*ﬁumnndﬁ 10 whsl,uma?l,wwLaymi'wﬁumﬂﬁ?ﬁquz
Turnsinaldildsuntlaadenaaauiulng prote-
grin-1" annansaagaananqLandliiuanddinasu
adndapsaansoldlunsinenlalussezenalaglsivinld
Lﬁmmi‘gfamlul,%@'ﬂa%w wananil Qu uazAn (1997)
LgvnnslfauiieulUinadunmzivatsaiaiings
azilupdroruilUlng protegrin-1 usitaauutlasnse
prluluLnIm TN ALNadIuaaIns aa il
taneifint N-terminus WazAUW C-terminus MU protegrin-1
LN W‘udﬂrm"Ef’Lummi’]L%@LLumﬁL?ﬂﬁﬂfawwmﬂumﬂ
@ﬂﬁqiiﬁMWNLﬂﬂiwﬁﬁz%uﬁzgmﬁﬁqmmmmﬁuﬂzqL"??@
qatnlalaiuAnsngan protegrin-1 HxAe wilnsaawis
12 nsmazily (LTYCRRRFCVTV) daiinannnisianse
2zNlUAYL N-terminus 4 FAuINWAZANY C-terminus 2
asugavnaeantl wazdiuliiinsaiaiuseladalng
ResRusLAaTznInansaes A ludainaus e 8
way 13 yananifluuddsiddmudnnisnisaname
I luaensnazRluTainaumutied 8 uay 13 usdened
neaesiludainausumii 6 uaz 15 deraliniraing
wuseladalnalaiasiowazladflss@nsninlunisvinane
Fauuafice” HasanannagLladnnsnaziludomnanues
wlng protegrin-1 fdawfiaatesiulszansnimlunig
ﬁuﬁqu’}faﬂhlﬁ@%%wLmzﬁuﬁﬂmﬁaiwﬁ%qlﬁmmﬂﬂm
arAludandn sunid 8 uaz 13 Sanuddngluns
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5. Magainins

< L. 1% ca o

wWillna magainins wenl@annmasnontiaiay
alduaanuuwaniiu (Afican clawed frog 1138 Xenopus
laevis) Ansnaziily 21-26 fa wAgnwuly 2 Wasw (active
forms) A® magainin-1 WAY -2 TINEaITRALENTA
AZAIUANUI 23 AUVINNY WARNANNLANANNYIRINTA
arflunaluaadUinmies 2 munids Ae swmrded
10 way 22 magainin-1 1unsaesilulnaduiazladu
WA magainin-2 tunsaeziiluladuuazueailisnau
AINaIAY HlpsaadranAunidy alpha-helix wazd
L&UNNALEINAT9TD4 helix Uszanns 10-12 8aamsan’ aan
msAneulng magainins Meaessiinlugdiuanlsan

a A o X 1A a a
srTNTIRALAT UNERATITIIUN LI sEANENwlunng
1 A o 1% | o 6 vV a
fusadeqadmiuuuundnariunalnaesnisinliiing
ATARLNALTUANNLLLANAB toroid” Tneaunsnsiu
NITIATEYLBUTOULANITENNGNUNTHUINLATLNTNAL
\11 S. aureus, S. epidermidis, S. pyogenes, E. faecalis,
Family Enterobacteriaceae 171 E. coli, E. cloacae, C.
freundii, K. pneumoniae, S. Typhimurium, S. flexneri, A.
calcoaceticus, H. pylori, B. cepacia FNTNTBLLATILTE
slumj;kl anaerobe iy Bacteroides fragilis, Clostridium
difficile, Peptostreptococcus spp., Propionibacterium spp.

47 qannngAnEnlAe Darveau WATANLE (1991)

Wlusu
= o a & & a a A .
fananisinElsafAiaTLAANNLLATISY E coli 1u
A o v o= o A A a 3
nynaaesnyiidnaananniniialngias (neutro-
penic mice) Tmmamzﬁuﬁfm cyclophosphamide WU
Wilng magainin-2 Wknarein1seindeuuaiEuiasa
£ . = ' o o &
ONENLEN cefepime LaNARDLTINAY TUBULALANALU
A ey a v = 1% ax ~ ! a
nmashaelanedantiasdaldanljiousineatnusien
= ' & v o ¢
wialdanunsngndelalenagaunuddinavieans
phosphate buffer saline \WENBENUALY TINANITANEN
aappsesiunslduinasoniuenl§ious cefaloridine
= aa l . A
smﬂumﬂ{]ﬂmuﬂuﬂ@m cephalosporins 178 imipenem
lﬂ' | ad 1 :: =
Fafluenjiouslungs carbapenems uazvivaasiinaln
g . 2z ,
N7RANONERIUNINNNTEULENNTE519813 peptidoglycan
= [~ 3 o o a I3 4’4’ aa
FauasAlsenaud AT 1IN TN IAA TR AT DL LATILTE
v e . € o o A o .
agslsfimulanunseengrnaas inuleauiiauny
nanAuAnddldillng magainin-2 sanAveUfTousi
z{ 1 = 1 ¢ 1 o aa
aangvarunalndu - iy wilnasanivendfdouy
ciprofloxacin %uﬂumﬂﬁ%qu:ﬂqu fluoroquinolone

£ o & o
LL@Z@@ﬂﬂV]ﬁN'WLLﬂZ\]VLﬂﬂ’]ﬁ‘EIUENﬂ’W?W'N’W“LHJ@\?L@‘I,AVLEIJ?:I
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DNA gyrase T4an{ufan1snIsUIUNTULNTAR Yi3e
whllnasaniuenijious amikacin TailuentfTousngs
. . ‘{l as :: o
aminoglycoside LazaanNaNIUNAlNNNIEUEIN1IYINY
sadlalulmndansadesiunisdunseillsfuaesyadn
'anﬂw@ﬁqmﬁ'ﬂfm@jwﬁﬁﬂﬁmmﬁgmdﬂmﬂﬁ?ﬁqumwﬁ
wavnlaanIslasuLasesntiasasnanvinliiling
= a a as 1 a v 53{ o
FUs2an5 W lunITUNINAIRIUNTITARLANINTY 1N
ldgnisvinanaimeqsdnlufign uaznszuaunIsnneg
lg/ = £§I aaa :: o | v as 66
deqadwluaaldInuus i useseAamadluszuy
a v as ] & @ = a a a 1 v 76
nRAnTuedssaadnlaanTiatalnsiasouson
UANANNULHANARDUAINNEINITOIUNITNLTDUD
wlnAlu biological fluids 1w 5 IaefNARADNNALNUA
c8 aanldand@sunudnilsz@nsninwlunissndadag
's ' v @ =1
wilnaanasatinamnn wasdlmiiuanalnnissnmaaad
wWilnasesenduneundinuadosluljizan’ Fox
wazaniy (2012) ladaasnziiliInagnuasn (hybrid
peptides) lagtrusdrurenddindfiiiaadas
o =3 o o A {
Auniseangnsted LL-37 (@1AunTAazilun 17-
29) ungaunvuunedauratldlng magainin-2
o as _~ ls' = o 1 lﬂl o | 1
@PUNTABLRILN 1-12) viTatuedaunawdumnanis
< . ¢ o 1
aangnarantllng cecropin A @afluhflnaswde
aaTnAwanlaannuaag sik moths (A1Aunsnasiiy

q

N 1-8) asannuddlng magainin-2 @1aunsaaziiiy

7 1-12) wanthliveaeuiumenalsaguusni 4 miis
A8 B. anthracis WA TIaLaralesueade, B. cepacia,
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Diagnosis of thalassemia carriers commonly found in Northern Thailand
via a combination of MCV or MCH and PCR-based methods
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‘Corresponding author (Email: tthanu@hotmail.com)

Abstract
Background: Conventional diagnostic strategy for thalassemia carriers is time-consuming and
requires many types of laboratory tests.
Objective : To demonstrate the possibility of a combination of MCV or MCH and a PCR-based
technique in identifying a- and p-thalassemia carriers in the population of the Northern Thailand
in  which molecular defects causing thalassemia are well documented.
Materials and methods: Seventy northern Thai healthy adults with Hb12 g/dL, MCV 80 fL and
MCH 27 pg were tested for the a- and [3-globin gene mutations commonly found in Northern
Thailand by a modified multiplex allele-specific PCR. The nucleotide sequencing was employed
to confirm the results obtained from the PCR-based method.
Results: A combination of MCV 80 fL. or MCH 27 pg and a modified multiplex allele-specific PCR
was able to definitely diagnose a- and B-thalassemia carriers in 81.4% of the samples tested.
These included single carriers of SEA-a thalassemia 1, of a-thalassemia 2 (3.7-kb deletion),
of Hb Constant Spring, of HbE, of B*"** ™ -thalassemia and of B'"*"-thalassemia. These
also included double carriers of a-thalassemia 2 (3.7-kb deletion) and B'"“*"-thalassemia,
double carrier of Hb Constant Spring and HbE, double carrier of SEA-a thalassemia 1 and
BWA'T)—thalassemia and double carrier of a-thalassemia 2 (3.7-kb deletion) and HbE. The results
obtained from the modified multiplex allele-specific PCR completely agreed with those gener-
ated from the standard nucleotide sequencing.
Conclusion: Combination of MCV or MCH and a modified multiplex allele-specific PCR
might be an alternative means in detecting common a- and {3-thalassemia carriers in
northern Thailand. This strategy may be applied in other regions where thalassemia is endemic
and globin gene mutations are well documented. Bull Chiang Mai Assoc Med Sci 2013;
46(1): 22-32

Keywords: Thalassemia carrier, thalassemia screen, red cell indices, multiplex allele-specific PCR, globin gene mutations
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Introduction

Thalassemia is an inherited hemolytic anemia  affected by the disease characterized by chronic anemia

caused by abnormality of globin chain production. It is
caused by defects of globin genes which are inherited in
an autosomal recessive manner. Those homozygous and

compound heterozygous for abnormal globin genes are

requiring frequent blood transfusions followed by several
fatal complications. In contrast, those heterozygous and
doubly heterozygous for these abnormalities are clini-

cally asymptomatic with obvious alteration of erythrocytic
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parameters. Alpha (a)- and beta (B)-thalassemias are the
most common types of thalassemia worldwide.’

Thalassemia is a globally distributed hemolytic
anemia spreading from the Mediteranean through Far
Eastern regions including Thailand. In Thailand, approxi-
mately 40% of its population are heterozygotes or carriers
of thalassemia comprising 20-30% a-thalassemia carriers,
3-9% B-thalassemia carriers, 10-60% HbE carriers and
1-6% Hb Constant Spring carriers.” High incidence of
thalassemia carriers in Thailand leads to a high probability
of producing new cases of thalassemia in this country.
Thus, correct diagnosis of a thalassemia carrier should
be essential in managing this disorder.

Presently, diagnostic strategy for thalassemia
carriers consists of 3 consecutive steps including initial
screening by the one-tube osmotic fragility test (OFT) with
or without mean corpuscular volume (MCV) and mean
corpuscular hemoglobin (MCH), followed by hemoglobin
identification by high performance liquid chromatography
(HPLC), low pressure liquid chromatography (LPLC),
capillary zone electrophoresis (CZE) and finally by analysis
for globin gene defects by allele-specific polymerase chain
reaction (allele-specific PCR).*® This conventional strategy
is time-consuming and requires many steps to obtain
definite diagnosis. Employing this strategy, a rapid and
definite diagnosis of the thalassemia carriers is unlikely.
To overcome this problem, a rapid and accurate protocol
needs to be established.

In Northern Thailand, successful diagnosis of
carriers of SEA-a thalassemia 1 has been demonstrated
by a combination of OFT and Gap-PCR for a-globin gene
deletion.10 However, this concept has never been tested
for other types of thalassemia in this region. Thus, this
study is aimed to test the possibility of a combination of
MCV or MCH and the PCR-based method in making a
definite diagnosis of both a- and B-thalassemia carriers
common in the northern Thailand where specific globin
gene mutations are well characterized. It is anticipated
that the proposed strategy would be a prototype that can
be applied in other regions where a- and B-thalassemia
are common and globin gene mutations are also well

documented.
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Materials and Methods

This study was ethically approved by The Re-
search Ethics Committee, Faculty of Associated Medical
Sciences, Chiang Mai University. EDTA blood samples
were collected from 70 healthy subjects of the Northern
Thailand. Hb, MCV and MCH levels were analyzed by an
automated blood cell analyzer (Sysmex KX-21; Sysmex
Corporation, Kobe, Japan ). DNA was prepared from
EDTA blood using the Chelex extraction method with
some modifications." A 100-microliter EDTA blood sam-
ple was firstly washed in 1 mL 0.5% (v/v) Triton X-100 and
then in 1 mL deionised water (DI) before adding 110 pL
DI and 1-2 drops of Chelex suspension (5% (w/v) in DI).
The mixture was then incubated in a 56°C-waterbath for
2 hours and then in a boiling water-bath for 10 minutes.
Finally, the tube was centrifuged at 15,000 g for 1 minute,
supernatant harvested and kept at -20°C until use.

Characterization of a-globin gene defects com-
monly found in Northern Thailand was performed using
the protocols described elsewhere with some modifica-

tions.™ ™

A 50 pL-PCR reaction was performed contain-
ing 0.4 M each of the following primers; SEA1 (5’-TGA
CTC CAA TAA ATG GAT GAG GA-3’), SEA3 (5°-GCC
TGC GCC GGG GAA CGT AAC CA-3), CS2 (5’- CCA
TTG TTG GCA CAT TCC GG -3’) and C3 (5’- CCA TTG
TTG GCA CAT TCC GG -3’) as well as 0.025 uM of aG-
17 (5’- AGA TGG CAC CTT CCT CTC AGG-3’), 1.2 uM
each of Alpha 3.7A (5’- CCC AGA GCC AGG TTT GTT
TAT CTG-3’) and Alpha3.7B (5’- GAG GCC CAA GGG
GCA AGA AGC AT-3) in 10 mM Tris pH 8.5, 50 mM KCl,
1 mM MgCI2, 140 uM dNTPs, 2% DMSO, 2M .betaine,
0.1 unit DNA polymerase (iTag; iNtRON Biotechnology,
Inc.) and 5 pL DNA. The amplification reaction was carried
out in 29 thermal cycles comprising denaturation at 94°C
for 6 minutes 30 seconds in the first cycle and for 1 minute
30 seconds in subsequent 28 cycles, primer annealing
at 60°C for 1 minute 30 seconds and extension at 72°C
for 2 minute 20 seconds in the first 28 cycles and for
7 minutes during the last cycle. 762-bp amplified prod-
ucts generated from SEA1 and SEA3 primers were pro-
duced in the presence of SEA deletion of a-thalassemia

1. 180-bp fragments were produced from C3 and CS2
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Figure 1 (A) Locations of binding sites of primers used in multiplex allele-specific PCR to identify a-globin gene
defects. The corresponding amplified products of each primer pair are indicated. (B) Agarose gel pattern of
amplified products in which the specific amplified products were produced. Lane 1 is the DNA from HbH
disease (- a3.7/- -SEA with 1,671-bp and 762-bp products), Lane 2 is the DNA from carrier of SEA-a thalas-
semia (- -SEA/aa with the762-.bp products), Lane 3 is the DNA from carrier of Hb Constant Spring (aCSa/
aa with the 180-bp products), Lane 4 is the DNA from normal individual in which only the 280-bp, 391-bp and
1,782-bp internal controls products are seen, Lane 5 is a blank control. M is a 1-kb DNA size marker. Note: “C”

is internal control. “3.7” is 3.7-kb a-thalassemia 2. “SEA” is SEA-a thalassemia 1. “CS” is Hb Constant Spring.
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primers in the presence of HbCS allele whereas 1,67 1-bp
PCR products from Alpha3.7A and Alpha3.7B primers
were generated in the presence of 3.7-kb deletion of
a-thalassemia 2. 391-bp fragments generated from aG17
and C8 primers served as internal control (Figure 1).

A modification of the amplification protocol
described by Tatu et al was performed to characterize
the B-globin gene defects commonly found in Thailand. ™
PCR was carried out in a 25 uL PCR reaction containing
0.032 pM of Beta-common multiplex primer (5’-AAG
AGC CAA GGA CAG GTA CGG CTG T-3), 0.056 pM of
Beta41/42 multiplex primer (5’-AGA TCC CCA AAG GAC
TCA ACC T-3’), 0.054 uM of Betal7 multiplex primer
(5’-CCA ACT TCA TCC ACG TTC ACG TA-3’), 0.018 uM
of Beta E multiplex primer (5’-CGT ACC AAC CTG CCC
AGG GCC AT-3’) and 0.14 uM of M-28M1 primer (5’-AGA
AGC AAA TGT AAG CAA TAC ATG GCT CTG CCC TGC
CAT C -3) in 10 mM Tris pH 8.5, 50 mM KCI, 4 mM
MgCI2, 140 uM dNTPs, 2% DMSO, 0.1 unit DNA poly-
merase (iTag; INtRON Biotechnology, Inc.) and 5 pl DNA.
The amplification reaction was carried out in 27 thermal

cycles comprising denaturation at 95°C for 5 minutes in

Vol. 46, No. 1 January 2013

the first cycle and for 1 minute in subsequent 26 cycles,
primer annealing at 62°C for 30 seconds and extension
at 72°C for 30 seconds in the first 26 cycles and for
7 minutes during the last cycle. 469-bp amplified products
generated from Beta-common multiplex and Beta41/42
multiplex primers were produced in the presence of TTCT
deletion at codons 41/42. 267-bp fragments were pro-
duced from Beta-common multiplex and Beta17 multiplex
primers in the presence of “T” instead of “A” at codon
17. 290-bp products were produced from Beta-common
multiplex and Beta E multiplex primers in the presence of
HbE allele. Finally, 136-bp fragments were produced from
Beta-common multiplex and M-28M1primers in the pres-
ence “G” instead of “A” at the nucleotide -28 in 3-globin
gene promoter. 391-bp fragments generated from aG-17
and C3 primers were used as an internal control (Figure
2). Blood samples positive for the multiplex allele-specific
PCR were randomly selected for nucleotide sequencing

to validate the mutation identification.

Results

The mean Hb level in 70 blood samples

Table 1 Frequencies of globin gene mutations in thalassemia carriers with MCV < 80 fL and MCH < 27 pg

detected by the modified multiplex allele-specific PCR

Number of samples

(%)
a-thalassemia-1 (SEA type) 18 (25.7)
a-thalassemia-2 (3.7 type) 12 (17.1)
HbCS 1(1.4)
Bw-thalassemia 1(1.4)
[541/42-thalassemia 2(2.8)
HbE 15 (21.4)
HbCS/HbE 2(2.8)
o-thalassemia-1 (SEA type)/ﬁ”-thalassemia 1(1.4)
o-thalassemia-2 (3.7 type)/ﬁw-thalassemia 3(4.2)
a-thalassemia-2 (3.7 type)/HbE 2(2.8)
Negative for PCR analysis 13 (18.5)
Total 70
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analysed was 13.1-1.0 g/dl (Mean-SD). The MCV and fL and MCH<27 pg, the modified multiplex allele-
MCH levels were 73.1-5.6 fL (Mean-SD) and 23.-2.2  specific PCR analysis revealed that 57 samples (81.4%)

pg (Mean-D), respectively. In the cases with MCV<80 were carriers of a- and - thalassemia in both sin-
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Figure 2 (A) Locations of binding sites of primers used in multiplex allele-specific PCR to identify [-globin gene
defects. The corresponding amplified products of each primer pair are indicated. (B) Agarose gel pattern of
amplified products in which the specific amplified products were produced. Lane 1 is the DNA from normal individual
in which only the 391-bp internal control products is seen. Lane 2 is the DNA from carrier of 8"7*™ (3/8"" with the
267-.bp products), Lane 3 is the DNA from carrier of p*"**°" (3/8*"** with the 469-bp products), Lane 4 is the
DNA from carrier of HbE (/8% with the 290-bp products), Lane 5 is the DNA from carrier of B-"**% (3/8-*® with the
136-bp products), Lane 6 is the blank control. M is a 1-kb DNA size marker. Note : “C” is internal control. “41/42”

is 341/42(—1701}. “E” is HBE. “17” is BW(A—nand “08” is B_28(A—G) )
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Figure 3 Comparison of a-globin gene mutations identified by the nucleotide sequencing (left box) and by the

multiplex allele-specific PCR (right box) for SEA-.a thalassemia 1 (A) and Hb Constant Spring (B). Note: “C” is

internal control. “SEA” is SEA-a thalassemia 1. “CS” is Hb Constant Spring.
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Figure 4 Comparison of 3-globin gene mutations identified by the nucleotide sequencing (left box) and by the
multiplex allele-specific PCR (right box) for b"*™ (A), b*"*(B), HBbE (C) and b-** (D). Note : “C” is internal
control. “41/42” is B*"* TN “E” is HDE. “17” is """ "and *-28” is $7**°.

gle and double states. These included single carriers
of SEA-a thalassemia 1 (- -**/aa), HbE (B/p%). Hb
Constant Spring (a“®o/aa), a-thalassemia 2 (3.7-kb
deletion) (- o*"/aaq), B*"**V-thalassemia (B/f*"*) and
B'"*thalassemia (B/B"). These also included double
carriers of a-thalassemia 2 (3.7-kb deletion) (- a*"/aa) and
B'"*T_thalassemia (8"), double carrier of Hb Constant
Spring (a®*a/aa) and HbE (B/p5), double carrier of SEA-
a thalassemia 1 (- -**/aa) and p'"*"-thalassemia (B'")

and double carrier of a-thalassemia 2 (3.7-kb deletion)

(- a®"/aa) and HPE (3/p%) as shown in Table 1. The globin
gene mutations identified by the modified multiplex allele-
specific PCR were completely identical to those generated

by the standard nucleotide sequencing (Figures 3, 4).

Discussion

Conventional detection of thalassemia carriers in
Thailand starts with initial screening tests including OFT
or MCV and DCIP tests. *'*™

initial screening tests are subjected to Hb identification

Those positive for the
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to determine HbA2/E levels to identify carrier states of
B-thalassemia and HbE.® Employing these two laboratory
stages, one cannot determine types of 3-globin mutations,
a-thalassemia and double carriers of a- and f3-thalassemia
which require DNA analysis.

Rund et al and Sanguansermsri demonstrated
that it was possible to carry out mutation analysis just
after the initial screening of a- and 3-thalassemia carriers
by MCV and OFT in the area where mutations are well
documented.’®"” Based on these notions, we attempted
to characterize the a- and B-globin gene mutations
common in northern Thailand by the modified multiplex
allele-specific PCR in the 70 samples previously tested
for MCV and MCH. The results clearly showed that com-
mon thalassemia in either single or double states was
detected in the majority of samples having MCV and MCH
below the cut-off points. This showed that the MCV
and MCH were effective in screening thalassemia carri-
ers and that a combination of these red cell indices and
the modified multiplex allele-specific PCR was possible
in detecting a- and 3-thalassemia carriers of all statuses.
MCV and MCH are the parameters accurately obtained
by an automated blood cell analyzer. They have been in-
tensively evaluated and proven to be effective parameters
in screening of thalassemia carriers and the cut-off points
of 80 fL for MCV and 27 pg for MCH are mostly widely
accepted.®®*"** However, MCV and MCH values of HoE
carriers may overlapped with those of normal population
and approximately 5% HbE carriers will be missed when
this indices are relied on.”****® Thus, HbE screening tests
may be included in order to increase efficiency of this
proposed protocol.

In Northern Thailand, the p*"*, B, B, BF and
- 5% -0®, o®®a are the common B- and a-globin gene
defects.”®*” Molecular analysis of these mutations have
been well established as stated earlier and we have modi-
fied these PCR methodologies to establish an in-house
protocol. Employing this modified PCR protocol to test
the 70 blood samples whose screening results were
positive, the majority of the samples were diagnosed to
be carriers of the common types of globin gene defects.

This indicated that the PCR analysis of common globin

UR 46 oUUA 1 unNsAU 2556

gene mutations directly after the MCV or MCH analysis
was capable in identifying common a- and p-thalassemia
in Northern Thailand. The modified multiplex allele-specific
PCR employed in this study had previously been validated
against the known samples. The standard nucleotide
sequencing was employed to confirm the results gener-
ated by this multiplex allele-specific PCR. As shown, the
mutations identified by both techniques were completely
identical. This should indicate that the specificity and sen-
sitivity of the proposed strategy were significant. In the
minor portion of the samples that had positive screening
results, the proposed multiplex allele-specific PCR failed
to identify any globin gene mutations. These samples
certainly harbored rare types of globin gene mutations
and other tests, e.g. Hb identification is still required to
make the definite diagnosis.

Another most significant advantage of molecular
analysis of globin gene defects is an ability to detect the
carriers of a-globin thalassemia either in a single carrier
state or in double carrier state with 3-thalassemia and
HBE. In the Northern Thailand, double carriers of a- and

" These dou-

-thalassemia or HbE are fairly common.
ble carriers cannot be detected by the conventional Hb
identification techniques such as HPLC.

Skipping the Hb identification step as proposed
in this report raised 2 major questions. These included
ability of this new approach in nationwide carrier screen
and in detecting complex thalassemia encountering in
Thailand. As a national strategy for thalassemia screen,
all samples having positive screening results are subjected
for Hb identification (e.g. by HPLC, LPLC or CZE). Despite
Hb identification is capable of identifying only carriers of
B-thalassemia, &B-thalassemia, but a-thalassemia and
a/PB-thalassemia cannot be detected by this method.
Detection of a-thalassemia still needs DNA analysis. More
importantly, mutation analysis of 3-globin gene in those
diagnosed as being the B-thalassemia carrier is always
required in case prenatal diagnosis is planned. Thus,
implementing this proposed strategy may be helpful in
this situation. As stated, the carriers of dp-thalassemia

or abnormal hemoglobins can only be indicated by the
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Hb identification and could be missed in situation where

82831 Thus in situation

the proposed strategy is applied.
where the 8B -thalassemia and abnormal hemoglobins
are expected, the Hb identification is still necessary.

Although the presented strategy seemed to
violate the national thalassemia diagnosis strategy, we
herein only proposed an alternative means in detecting
thalassemia carriers. Hb identification by HPLC or LPLC
or CZE is still necessary in this context. Further intensive
investigations are required to clarify this concept.

In conclusion, we have attempted to demon-
strate possibility of combination of MCV or MCH and a
multiplex allele-specific PCR in detecting common a- and
B-thalassemia carriers. However, this strategy was only

a preliminary model that could not identify all types of

Vol. 46, No. 1 January 2013

globin gene mutations. Hb identification is still required
in detecting thalassemia carriers. Additional studies are

needed to extent its efficacy.
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The study of a rectal dose in cervical carcinoma: High dose rate brachytherapy
calculated based on the ICRU Report 38 Recommendation and Multiple Points
Calculation in Lampang Cancer Hospital
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Abstract

Objective: To compare the rectal dose of high dose rate brachytherapy treatment planning based
on ICRU 38 recommendation and multiple points calculation for evaluating the rectal dose and
maximum point in rectum from brachytherapy treatment planning in Lampang Cancer Hospital.
Method: The high dose rate comparison of rectal dose from two methods was performed in 30
cervical cancer patients with brachytherapy treatment. The statistic analysis was paired t-test.
Results: A rectal dose relative to point A was calculated using reference point defined by
multiple points. The result showed that mean of average maximum value of rectal dose from
multiple reference six points was 60.87+16.97% while average maximum value of rectal dose
calculated from the ICRU 38 was 59.0+15.89%. Position of the maximum rectal dose was 1 cm
upward the reference point of ICRU 38 calculation (43.3%). Comparison of doses calculated by
marking the reference points from two methods showed that maximum dose of multiple point
calculation was higher than that of ICRU 38 calculation significantly (o< 0.009).

Conclusion: A rectal dose calculation using the reference point according to ICRU 38
recommendation suggested only a single point. It may not be the maximum rectal dose point.
Therefore, a multiple point calculation along the length of rectum should be suggested for inform-
ing radiologists to be applied to patients. Bull Chiang Mai Assoc Med Sci 2013; 46(1): 33-39

Keywords: cervical cancer, brachytherapy, treatment planning, rectum
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Introduction

A Cancer registration of the National Cancer

Institute reported that cervical cancer is the second order
among Thai women cancer follows breast cancer1. Pa-
tients diagnosed with cervical cancer will be planned for
each course of treatment which depends on a stage of
disease. There are three approaches which are surgery,

radiotherapy and chemotherapy. Radiotherapy is an im-

portant one for cancer treatment, especially in the case
with a spreading of cancer which cannot be treated by
surgery. Radiotherapy aims to deliver the maximum dose
of radiation to a local tumor, but protecting a normal tissue
from ray. This will expand the quality of life of patients

who undergo radiation.
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For cervical cancer treatment, external beam
radiotherapy is given to a whole pelvis for inducing primary
tumor shrinkage and sterilization of microscopic disease
within pelvic lymph-node. Therefore, the major organs
(bladder and rectum) are affected and must be taken
into account. They must not be received exceed dose
limit in order to prevent the side effects. An accuracy of
bladder and rectal radiation dose has been introduced
as an important component of medical treatment.

In addition, an intracavitary application of cervical
carcinoma also need an accuracy of the bladder and rectal
doses which are associated with several factors, such as
a variation of position, a reference point of bladder and
rectum. Recently, it is admired to use a reference point
as recommended by ICRU (International Commission on
Radiation Units and Measurements) report 38. However,
in practical, the reference point (the location calculated
follows the rectal ICRU 38) which is believed to be the

3 i

Diwell position in owoid

Diwrell pozition in tandem
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maximum rectal dose location may be discrepant from
the recommendation because of several reasons. First,
the differences of patient’s rectal shape which leads to
an in-corrected applicator positioning. Second, types of
an applicator used. Therefore, the dose calculated by
standard point of reference may not be the maximum

rectal dose.

Materials and methods

This prospective study was performed in 30 cases/
applications using BEBIG Multi-Source high dose rate
brachytherapy treatment unit and its standard applica-
tor set. The 3“ time of brachytherapy of each case was
selected for the study. The prescribed dose was 6-7.5Gy
to point A for each application. Each patient was treated
with radical irradiation (external beam irradiation and HDR
brachytherapy) without hysterectomy. Patients received

external beam irradiation using 6MV or 10MV photons

Eadio-opaque gauze

Figure 1 Rectal reference point recommended in ICRU reported 38

WARANITUANE » NENTNLNTTA » AanTsNLNTR  S9RnATA 35




Bulletin Chiang Mai Associated Medical Sciences

refer to a dose of 56Gy in 28 fractions over a 6 weeks
period. Of these, the first 40Gy in 20 fractions were given
with open fields and the remaining 16Gy in 8 fractions
were given with a midline block and reduced field. Size
of the field was determined individually according to the
stage and patient anatomy. Brachytherapy part of the
treatment consists of 3-4 HDR weekly fractions of 6-7.5Gy
to point A. The treatment was carried out on MultiSource
HDR which uses Co-60 as a radioactive source. Activity

of the source, about 1.05Ci in all 30 applications was

A

Vol. 46, No. 1 January 2013

administered. Standard applicator set consists of a tan-
dem 15° and two ovoid with 20 mm in diameter. Rectal
mucosa was marked using back of the posterior vaginal
wall for 0.5 cm. Posterior vaginal wall was marked by
means of intra-vaginal radio-opaque gauze. Intracavitary
treatment planning was performed on treatment planning
unit MultiSource TPS for each insertion, based on AP
and lateral orthogonal radiographs. Rectal doses were

calculated using 2.2 version of Eckert & Ziegler BEBIG

Figure 3 Intra-cavitary brachytherapy dose distribution
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Gmbh treatment planning software. Rectal reference point
recommended in ICRU 38 is shown in Figure 1.

This study investigated the rectal reference point
as multiple points by adding reference points which are
higher than a recommended point of ICRU 38 for 2 points
(R1, R2) and positions which are lower than recommended
in ICRU 38 for 3 points (R-1, R-2 and R-3) respectively.
A gap between each point is 1cm as shown in Figure 2.
Therefore, there are totally six reference points including
the reference point of ICRU 38 recommendation (RO).

In treatment planning, an assign dwell position in

tandem was activated from the tip to the level of tandem

50 7
45 4
40 4
35 1
30
25 1
20 4
15 4
10 ¢

Frequency of appearanc s of macdnuum in
Mifference pegtion (%o)
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flange depending on the length of tandem used step size
0.5cm.  Four dwells were activated within each ovoid.
Out of 30 executed applications, in just one, length of
the tandem was 40-60mm as shown in Figure 3.
Statistical comparison between rectal doses on
an ICRU 38 rectal reference point and a maximum dose
from the reference point of multiple points was done
using paired t-test. Statistical significance was considered
at the level of p<0.05.
Results
The rectal dose shown in percentage normal-

ized to prescribed dose to point A was calculated by

Fosition of rectal refference point
Figure 4 Distribution of maximum dose along rectal position expressed in percentage

Table 1 Rectal dose on multiple reference points and recommended in ICRU 38 calculated by treatment planning

system (shown in percentage normalized to prescribed dose to point A)

Method define reference point % Normalized to prescribed to point A
Standard Deviation
Position Minimum Maximum Average
R2 30.3 97.7 57.75 16.46
R1 31.3 91.3 59.48 16.35
RO 304 88.6 59.00 15.89
Multiple Point | R-1 27.5 80.6 55.27 15.06
R-2 241 66.3 47.96 13.16
R-3 214 54.0 38.28 10.08
average 6 points 28.1 77.2 52.97 13.99
Maximum 6 points 31.4 97.7 60.87 16.97
ICRU reported 38 30.4 88.6 59.00 15.89
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treatment planning. The mean of the average maximum
value of rectal dose from multiple reference six points
was 60.87+ 16.97% whereas the mean of the average
maximum value of rectal dose calculated from the ICRU
38 was 59.0+15.89 as shown in Table 1.

The location of a maximum rectal dose calculated
by treatment planning using multiple reference points was
not as same as a location that ICRU 38 recommended
for 19 cases (63.3%). The location of a maximum rectal
dose of multiple reference point method was higher than
that of ICRU 38 for 2 cm (R2) in 4 cases (13.3%) and
for 1cm (R1) in 13 cases (43.3%), was lower than that
of ICRU 38 for 1cm (R1) and 2cm (R2) in 1 case each
(8.3%). No maximum rectal dose was found lower than
3cm of ICRU 38 recommended point. However, the rectal
maximum dose location of multiple reference points was
identical to ICRU 38 for 11 cases (36%).

These results showed the location of maximum
rectal dose is usually higher than the reference point of
ICRU 38 approximately 1 cm as shown in Figure 4.

An absolute rectal dose received in the Gray (Gy)
and percent normalized to prescribed dose to point A
calculated from treatment planning by defining reference
point recommended in ICRU 38 (which is believed to be
the location where the maximum rectal dose was found)
and by multiple points showed the maximum rectal dose
of the multiple points was tended to be higher than that
of ICRU 38 recommendation. The rectal maximum dose
position of multiple reference points was higher and lower
than that of ICRU38 recommendation point 17 out of 30
cases (56.7%) and 2 out of 30 cases (6.6%), respectively.
The statistic comparison found that the reference point
specify by multiple points was significantly higher than
that set by ICRU 38 (p<0.009). Each of the total 30 cases

was compared and data not shown.

Discussion

A rectal dose obtained from intracavitary brachy-
therapy is important for considering and predicting the
side effects of the treatment. It should not exceed the
dose limit which rectum can be accepted. In this study,

we determined the rectal dose calculated from treatment

Vol. 46, No. 1 January 2013

planning by defining a reference point of rectum. The
rectum as a posterior vaginal wall was defined by intra-
vaginal radio-opaque gauze. The marked point was at
the shadow behind the gauze moistened modalities for
0.5 cm. Then, we calculated percentage normalized a
prescribed dose to point A of two methods. The multiple
point method showed the maximum dose in the range
from 31.4-97.7% and the reference point calculated by
ICRU 38 was in the range from 30.4-88.6%. It was higher
and wider than the study of Deshpande et al." They
reported that about 70% of applications, a rectal dose
using rectal marker and calculated by orthogonal radio-
graphs was in range from 40-70% of prescribed dose
to point A.

A position of the maximum rectal dose obtaining
(about 43.3%) was above the reference point recom-
mended by ICRU 38 for 1cm. However, about 11%
of maximum rectal dose position was identically to the
ICRU 38 recommended position. This is consistent to the
study of Cetingdz et al.” They reported that the most
exposed region of a rectum is located along the point
of a rectal marker which covers the length from 1.5 to
3 cm. Mostly, the maximum dose point is higher than
that of ICRU 38 point and it is rarely lower than ICRU 38
recommended ® A comparison of rectal doses obtained
from brachytherapy calculated by the standard reference
point recommended in ICRU 38 and by multiple points
was significantly different. A rectal dose calculated by the
multiple points showed a mean of 4.12Gy (60.68% of
the dose point A), whereas the dose measured by ICRU
38 showed a mean of 3.95Gy (59% of the dose point
A). These results were tally with the study of Baucal M
who found that the maximum dose obtained using rectal
marker dose calculation was at 74.3% compared to point
A). It was higher than the dose calculated by the reference
point according to ICRU 38, which was 66.2%.

Currently, they are many ways to specify the
exact position of the rectum. There are also advantages
and disadvantages for each method. For example, the
exact location of the rectum assigning by inserting marker
directly into rectum mostly leads to a lower dose than

the standard ICRU 38 determining method. The reasons
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were, first, inserting marker into the rectum was not
close to the front wall of the rectum and second, a rec-
tum is a hollow structure.” In 2002, Baucal M and his
colleagues designed equipment which looks like a balloon.
They inserted it into rectum followed by air spraying into
an inflatable air bag for fitting the size of rectum. They
found that the rectal dose was higher than that of ICRU
38 point determination. Another method, which injecting a
contrast medium into rectum, made patients felt uncom-
fortable and it is complicated for implanter. Moreover, a
rectal dose measured by placing rectal probe directly to
rectum was lower than that of ICRU 38 recommended
for 1.5 times. This error may occur because of a shifting
of rectal probe and the probe position is not close to
a rectal wall.” In 1993, Schoeppel SL examined that a
maximum rectal dose of dose — volume histogram (5cc)
obtained by CT planning was 1.6 times higher than that
predicted by ICRU method.®

From all of results, a rectal dose calculation
is important for evaluating patient complication. The
radiation dose is associated with the complications in

patients. Therefore, it should be evaluated and followed

UR 46 oUUA 1 unNsAU 2556

up to provide information for radiologist decision and
treatment. Moreover, this study showed that the rectal
reference point according to ICRU 38 recommendation
(single point) may not reflect the maximum rectal dose
received. Thus, the defining of the maximum rectal dose
by multiple points must be determined along the length
of the rectum. To specify a rectal location by this method,
radiograph has to be clear in defining the extent of the
vagina back wall. Thick body of patient can make unclear
boundaries. Recently, there are approaches to determine
the rectal dose, such as marker insertion directly into
the rectum and 3D dose calculation using computerized
tomography images. Each method has both advantages
and disadvantages. However, our method is a simple one,

saving time and easy to use in a daily clinical practice.
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Abstract

The purpose of this study was to explore stroke risk level in taxi drivers of Nakorn Lanna Transport
Cooperation, Chiang Mai Province. Three hundred and fifty two taxi drivers were conveniently included in
this study. The research instrument was the Stroke Risks Take Test which was developed by the British
Columbia Centre for Stroke and Cerebrovascular Disease. The original Stroke Risks Take Test was translated
into Thai by Chalermpol Puntachot in 2003. The Thai version test was investigated for content validity and
reliability. Data obtained from this study were analyzed using descriptive statistics. The results showed that
most participants, 86.1%, had low level of stroke risk, 13.3% had slightly low stroke risk level, and only
0.6% had moderate stroke risk level. Although the results from this study demonstrated low level of stroke
risk level in this sample, the additional information obtained from the test indicated that the participants had
some behaviors that were likely to have stroke risk when they got older. This required attention to prevent
the likelihood of having stroke in the future and lower the level of stroke risk in the slightly low and moder-
ate level participant groups in the order to improve health and well-being in the long run. Bull Chiang Mai
Assoc Med Sci 2013; 46(1): 40-48

Keywords: stroke risk level, Stroke Risks Take Test, taxi drivers of Nakorn Lanna Transport Cooperation, cerebrovascular disease
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Table 1 Demographic data of the participants (n=352)

Vol. 46, No. 1 January 2013

Participants’ demographic data

Numbers (%)

Marriage Status

Single 5(1.40)
Married 326 (92.60)
Widows/Widowers 10 (2.90)
Divorced 11(3.10)
Education

Uneducated 1 (0.30)
Primary school 178 (50.60)
Secondary school 170 (48.30)
Graduated 3 (0.80)
Driving hours per day

1-5 86 (24.40)
6-10 252 (71.60)
>10 14 (4.00)
Income per month (Baht)

<5,000 6 (1.70)
5,000-10,000 215 (61.10)
10,001-15,000 113 (32.10)
>15,000 18 (5.10)
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Table 2 Numbers and percent of the participants’ stroke risk factors (n=352)

Risk factors Numbers Risk factors Numbers
(%) (%)

Age (years) Hypertension

45-55 301 (85.5) Yes 23 (6.5)

56-65 48 (13.6) No 166 (47.2)

66-75 3(0.9) N/A 163 (46.3)

Gender Hypertension and being treated

Male 350(99.4)  Yes 21 (91.3)

Female 2 (0.6) No 2 (8.7)

Transient Ischaemic Attract (TIA) During treatment, blood pressure lower than 140/90

Yes 2 (0.6) Yes 17 (81.0)

No 350 (99.4)  No 4(19.0)

Cholesterol Alcohols

High 3(0.8) No 136 (38.6)

Low 70 (19.9) 1-2 glasses/day 159 (45.2)

N/A 279 (79.3) More than 2 glasses/day 57 (16.2)

High cholesterol and being treated

Yes 3 (100)

Diabetes History of Stroke in Family

Yes 15 (4.3) Yes 3(0.9)

No 337 (95.7) No 349 (99.1)

Smoking Heart diseases

Yes 166 (47.2)  Yes 4(1.1)

No 186 (52.8) No 348 (98.9)

Homocysteine Atrial Fibrillation

N/A 352 (100)  No 352 (100)

Over Weight (13 kg. or more) exercise (30 minutes at least 3 times a week)

Yes 19 (5.4) Yes 30 (8.5)

No 333 (94.6) No 322 (91.5)

Taking contraceptive Taking hormone after menopause

No 352 (100)  No 352 (100)
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Table 3 Numbers and percent of the participants’ stroke risk factor levels (n=352)

Risk factor level Scores Numbers (%)
Low 13.50-19.50 303 (86.1)
Fairly low 19.75-22.25 47 (13.3)
Moderate 23.00 2(0.6)
High > 25.00 0(0)
Total 352 (100)

Table 4 Numbers and percent of the participants’ stroke risk factors in three groups; low, fairly low and moderate

‘ 46 Medical Technology @ Physical Therapy ® Occupational Therapy @ Radiologic Technology

(n=352)

Risk factors

Risk Factor Level

Low (n=303) Fairly low (n=303) Moderate (n=303)
Number (%) Number (%) Number (%)
Hypertension
Yes 20 (6.6) 3(6.4) 0 (0)
No 162 (53.5) 2(4.2) 2 (100)
N/A 121 (39.9) 42 (89.4) 0(0)
Cholesterol
High 3(1.00) 0(0) 0(0)
Low 68 (22.4) 0(0) 2 (100)
N/A 232 (76.6) 47 (100) 0 (0)
Homocysteine
High 0 (0) 0 (0) 0 (0)
Low 0(0) 0(0) 0(0)
N/A 303 (100) 303 (100) 2 (100)
Smoking
Yes 121 (39.9) 43 (91.5) 43 (91.5)
No 182 (60.1) 4 (8.5) 0(0)
Alcohols
No 126 (41.6) 10 (21.3) 0(0)
1-2 glasses/day 159 (52.5) 2(4.2) 0 (0)
More than 2 glasses/day 18 (5.9) 35 (74.5) 2 (100)
Exercise 30 minutes at least 3 times a week
Yes 27 (8.9) 1(2.1) 2 (100)
No 276 (91.1) 46 (97.9) 0(0)
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Comparison of resting scapular position and range of combined shoulder

elevation between junior swimmer players with and without shoulder pain
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"Department of Physical Therapy, Faculty of Associated Medical Sciences
’Department of Physical Therapy, California State University, Northridge
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Abstract

Objective: The present study was aimed to compare the resting scapular position, combined
range of shoulder elevation, and pectoralis minor length in the junior swimmers with and without
shoulder pain.

Methods: Thirty-nine swimmers in both gender aged 13-20 years participated in this study. The
primary parameters were Superior Kibler (SK), Inferior Kibler (IK), Scapular Index (Sl), Muscle length
of pectoralis minor (PMi), and the combined range of shoulder elevation (CSE). Comparisons were
made a) between the bilateral shoulder pain and control group and b) between shoulders within
the unilateral shoulder pain group.

Results: \When compared between the bilateral and control group, the mean values of SK (6.04+1.19
cm. vs. 5.94+0.97 cm.), IK (7.82+1.31 cm. vs. 7.67+1.38 cm.), PMi (3.97+1.27 cm. vs. 3.94+1.25
cm.), and CSE (-0.99+6.80° vs. - 4.02+7.88°) were not significantly different. However, the mean
value of Sl of the bilateral shoulder pain group (53.83+6.58 cm.) was significantly less (p<0.05)
than that of the control group (56.83+5.4 cm). When compared within the unilateral shoulder pain
group, there was no statistically significant noted in these parameters.

Conclusion: The present study demonstrated that the SI which could inform
the forward scapular posture was the best parameter to differentiate swimmers
with and without shoulder pain. Bull Chiang Mai Assoc Med Sci 2013; 46(1): 49-58

Keywords: shoulder pain, forward shoulder, superior kibler, inferior kibler, length of pectoralis minor
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Figure 1 Measurement Inferior Kibler (IK) using PALM®
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Table 1 Mean, standard deviation, and range of demographic data in each group

Parameters Bilateral pain Control Unilateral pain p*
(n=18) (n =15 AUW) (n=6 AU)
Gender Male 9 (50%) 11 (73.33%) 4 (66.67%)
Female 9 (50%) 4 (26.67%) 2 (33.33%)
Age (yr) 14.28+1.07 15.93+2.02 15.50+0.56 0.013
(min-max) (13-17) (13-20) (14-17) (F = 4.926,
p =0.028 (Tamhane's T2 test) df=2)
Weight (kg) 56.62+8.34 62.97+9.70 60.00+8.00 0.071
(min-max) (45-70) (46.5-83) (50-70) (F=2.851,
df =2)
Height (cm) 163.78+7.04 169.8+7.27 164.67+9.00 0.071
(min-max) (154-178) (160-187) (153-176) (F=2843,
df = 2)
Experience (yr) 6.36+2.29 8.00+3.46 7.83+1.94 0.214
(min-max) (3-12) (3-15) (6-11) (F=1.610,
df = 2)
Duration of training 25.28+7.26 18.5616.59 24.33+10.71 0.045
(hr/week) (12-33) (6-30) (15-42) (F =3.388,
(min-max) p =0.028 (Tamhane’s T2 test) df=2)

* p<0.05 One-way ANOVA

Table 2 Number of shoulders % at different level of pain during resting and swimming (n = 42 shoulders)

Activity Level of pain
no pain mild moderate severe
©) (1-3) (4-6) (7-9)
Resting (%) 29 (69.05) 11(26.19) 2(4.76) -
Swimming (%) - 10 (23.81) 29 (69.05) 3(7.14)
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Table 3 Mean and standard deviation of measured parameters in the bilateral shoulder pain and the control group

Parameters

Bilateral Shoulder Pain group

Control group

(n=36) (n=30)
Superior Kibler (SK) (cm) 6.04+1.19 5.94+0.97
Inferior Kibler (IK) (cm) 7.82+1.31 7.67+1.38
Scapular index (SI)* 53.83£6.58 56.83+5.41
Pectoralis minor (PMi) (cm) 3.97+1.27 3.94+1.25
Combined range of shoulder elevation (CSE) -0.99+6.80 -4.02+7.88
(degree)
*significant difference (p <0.05) using independent t-test
pain #A1 Sl tasndingy control adaHEAAYNNN  undansal

aftia vdenanaladingy pain danmnzdeluaiunnnngd
nax control S nFunIsFaLABLARILLTTERdNauY
dranfiiulssidelvadnlungs uniateral pain Taiwndng
I AR R A SR LA PPAVA ARTIERIL SETRE R
(AN3197 4)

nasAneiilFoufadundsaeinszgn
Az1TNTITARAEBENNINARTNMANILLL WAz E29N1T
anuluasanaesdaluadniaouuAnAN9 i uIZndg
ﬁfﬂﬁW’wdmﬁﬁﬂzﬂN bilateral shoulder pain iUNg) control

virald wan1sAnEWLINanIzAl SI 1edngu bilateral

Table 4 Mean and standard deviation of measured parameters of the shoulders with and without pain in the

unilateral pain group

Parameters Pain (n = 6) No pain (n = 6)
Superior Kibler (SK) (cm) 6.04+0.79 6.38+0.48
Inferior Kibler (IK) (cm) 8.38+1.62 7.59+1.79
Scapular index (SI) 53.08+5.99 53.89+5.69
Pectoralis minor (PMi) (cm) 3.77+1.41 3.88+1.22
Combined ROM of shoulder elevation -4.17+8.12 -4.92+6.94

(CSE) (degree)

p <0.05 using paired t-test
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The relationship of balance assessment by

Nintendo Wii with Wii balance board and single leg balance fest

Sarayoot Mongkol Khanitta Wonglungka Diana Wichiensang
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Physical Therapy Department, School of Health Science, Mae Fah Luang University
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Abstract

Nintendo Wii with Wii balance board can be used as a test of the Single leg balance
test. Thus, the objective of this study was to determine the relationship of balance assessment
between Nintendo Wii with Wii balance board and Single leg standing test. The participants were
120 healthy volunteers, aged of 18-25 years old. All participants were evaluated for the ability to
balance upon Nintendo Wii with Wii balance board and Single leg balance test. The relationship
between the Nintendo Wii with Wii balance board and eyes open Single leg balance test was shown
to have correlation coefficient of 0.21 which was positive and weak, as well as Nintendo Wii with Wi
balance board and eyes close Single leg balance test with correlation coefficient of 0.14
Therefore Nintendo Wii with Wii balance board could not be used asf Single leg balance test
to assessment balance ability in 18-25 years old healthy participants. Bull Chiang Mai Assoc
Med Sci 2013; 46(1): 59-65

Keywords: balance, Nintendo Wii, Wii balance board, single leg balance test
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Wld v 3 A% lnsusazafseanavagay fawinai
athaiaafluna) 3w uazthATlE N AU AN
lRaslAEEIBINNINAGELAINNNIANENI8Y Michikawa
uay Anelull 2009° TmﬂmiwmmumwmL%ﬁmm@’
Tnatfluszay 0.97

3. NMsAATIzRdayaNINEDA

lunsiiamzidayaluaiedl Hadluids
WITOUUN (Descriptive statistics) lunnsasuneniiaaiy
“ﬂ’@g@ﬁuﬁﬂu wazld Pearson’s correlation coefficient 11
NTMIAMNENRUTIZNINT TR UNNTEUNTIFAI LY
1919LAYT WAZTREAZIBIANNAINNTOLUNTEUNTIAN
VU WREIRaR LA UTUTA (0<0.05)

NANNFANEN
msdnenluasaiiflonanasinsdisanaua 141

AL ANNNNTARRENANNNDENAAEUAZARDEN AWLUAS

ANENaTATINUIUTIAY 120 AU HananaiATeanan

Table 1 Subject’s demographic data (n=120)
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MeFNENTIAY 21 AU LlavanenanasiAsiiunsaia L
adnaieslallduaslalsnmunandidanang enaiasiag
VNAUABLKLILABLIDNN YINNNINAGBLANNAINTOIUNNT
neesalaeAsesiuiuladsaniuiuna i uess uaznis
VARBLINI AN AN s AN A LAz DL
VAL immmmﬁmﬁmmﬁmqvﬁﬂ 20.66+1.38 1l
vhuinuade 56.00+11.78 flaniu An1gaiaRg 1.63:0.07
WAT ANUTUANATUNIANIENLIN 1ENFNATNANATT
NIeMELRAE 20.97+3.73 Alanfusemaniang deag)
Twnaendni LL@zﬂi”]muﬂféuﬁqaﬂwﬁwmﬂizﬂ@uﬁw
IWATNEANUIU 28 AL (FR2aE 23.33) WAZINANILNAIUI
92 AU (FREAY 76.67) ANENANATOUATNLNIUINININNIN
STRC Tl Tmﬂﬂﬁmﬁm%’ﬁq%’wﬁﬁﬂmu 17 AU (FREay
14.17) WaTaUATI9UNRAUIY 103 AL (Feaay 85.83)
FamNTNaT 1

ANANeR 2 TusuauenaasiAsaaw 120
AW WUT AIINAINIT0LUNTNIIFIBa8LAT BT UN-
anfuesasidniedtatifatay 74.36+10.29 ailunis

Variables Mean + standard deviation Number of subject
(persons)

Age (Year) 20.6£1.38 -

Weight (Kilogram) 56.09 £11.78 -

Height (Meter) 1.63+0.07 -

Body mass index (kg/m°) 20.97+3.73 -
Gender(Male/Female) - 28/92
Dominant leg (Left/Right) - 17/103

Table 2 Result of Nintendo Wii with Wii balance board test, eyes open Single leg standing test, and eyes

close Single leg standing test

Test

Mean * standard deviation

Nintendo Wii with Wii balance board test (%)

Eyes open Single leg balance test (second)

Eyes close Single leg balance test (second)

74.36+10.29

71.22+£51.67

11.51+£10.29
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Figure 1 Correlation of Nintendo Wii with Wii balance board test and eyes open Single leg standing test
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Figure 2 Correlation of Nintendo Wii with Wii balance board test and eyes close Single leg standing test
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The effect of balance training by program Wii Fit with
Nintendo Wii and Wii balance board in female obese people

Sarayoot Mongkol Kanisorn Youngpaknam
Bundit Khunsuwan Pennapa Supinchompu Sujinda Bunpeng

Department of Physical Therapy, School of Health Sciences, Mae Fah Luang University

" Corresponding author (Email: grn_pt15@hotmail.com)

Abstract

Nowadays, obesity is a problem in many countries, even in Thailand. Obese
people tend to have a greater risk of falling in comparison to people who are not obese.
The purpose of this study was to evaluate the effects of balance training by the use
of Nintendo Wii and Wii balance board in obese females. This study used the Single
leg standing test (SLS) and Timed up & go test (TUG) to inspect and help improve the
balance of such females. Fifteen obese female students from Mae Fah Luang University
were included in the study. Their average body mass index was 29.15+3.44 kg/m’ and
their average age was 20.57+1.34 years. Before training, the participants attained an
average score of 15.79+5.01 in the SLS test and 7.00+0.88 seconds in the TUG test.
Participants were trained by the Nintendo Wii for 3 days in a week. Post-test results
after 4-weeks of training were 29.36+6.63 in the SLS test and 5.71+0.11 seconds in the
TUG test. Paired t-test was used compare both pre and post test scores, resulting in
a significant difference between pretest and posttest in SLS and TUG tests. This study
also helped to support the idea of using Nintendo Wii and Wii balance for training bal-
ance in obese people who have problems with balance. Bull Chiang Mai Assoc Med
Sci 2013; 46(1): 66-71

Keywords: balance, obesity, Nintendo Wii, Wii balance board

‘ B0 Medical Technology ® Physical Therapy ® Occupational Therapy @ Radiologic Technology




015a1sNATAMSIWNEIBEDIHL

A78/9 NIAR*

Wigun giluang

UR 46 oUUA 1 unNsAU 2556

wamswnmsnsoedlagiBlusinsy Wii Fit

sounu Nintendo Wii 11a: Wii Balance Board TuausoumwAnkrgn

AddAs 91N
gIuA Y

i Tusgaros

A3 EN VLR GIENTTIINLIAIGRTGUNIN NIINENFEUNHINAN

* HFUNATELUNAIIN (Email; grm_pt15@hotmail.com)

UNARNED

flaqtiulsadauiuiloymnisassgalunansdszina sanviaszmalng flosann
Augaufiandasiansunguannndtaulnd  nsineniiaaeanisinenasesnsiin
ANNANARLUNNINTIITasTenelatld Nintendo Wii samu Wii balance board Iagild
wuutszidu Time's up & go test (TUG) waz Single leg standing test (SLS) Tuauaquina
i ananasipndutinAn s avnanenaaLdiInansaIuaL 15 A fisafiananieadt
29.15+3.44 AlanFu/ANRI® B8Rt 20.57+1.34 11 neunisiinenaasiaslifuniasuiiy
pnaansnsolummssdalaglfunulsniiu SLS Azvuuuedtagi 15.79:5.01 Aundl uaz
TUG Ariuiaiy 7.00:0.88 unil anntiusranastasléiunisiinnmssiagasidsunsa
wii fit Hnniansesaatuau 3 usadlani funan 4 dlan wazdniunislsziiunas
mstingag TUG SAzutuade 5.71:0.11 3unfl uaz SLS flAzuuiads 29.36:6.63 3undi
wasiiieldata Paired ttest AATIZINANIANEANLINTANAUANANaENTiTEa Ay
antm neuwaznaIn1Iinaellsunsun1Ingeea ﬁﬁumiﬂﬂmmmmadlumimqﬁqmm
1amelaeld Nintendo Wii $937u Wil balance board @13 saiNANaNsnsallunnsnaasia

16 915a15imailan1sunnsideslua 2556; 46(1): 66-71

o o v A o Py
ANTUE AVINANAA AUBIY duiulad unatuduea

uni

ANNANAAIUNNINIIAITBITINNEY AB AN
ananzolunisaruausemeliagluuuaimn  uay
nsfianguddasmiasaiiinminanyndausesiianis
78N (center of gravity) ﬁq@ﬁnﬁifaﬁﬂuﬁi@ﬁu (base
of support) HHATINYBIUTINTEVNLUYIN AR ANV
Audl | Gspnnangalumamssinresamafudeniu
pansindeulniludinlszandu nmmssiafasande
nstlszanuanuszdeanes sruuyulu nsneaiy
uazmsfufrestasianazndnaiiie avmiidemanszny
fanadaangaresinnie aswnan suilszam

svilAseTLaTNANNLTe LaTANHUEINITInarNaRS
aastemeRang danuldlunusou M’?‘fa;ﬁﬁﬁmﬁﬂ
AUNUNIRTFIW [iesannsnaniaininglasiuazanns
sumasnfiunddng wagluilaqiulsadauiuilym
zgfumwiumwﬂizmﬂﬁﬂ@ﬂimﬂL@W’]zﬂizmmﬁ'ﬁmm
wda 1HesainnsldiRanazansnenisuilnaenms i
wWaauld fnatluniseantiasnetesasinliilasu
aranlusnanannndnAvUn® laelanisuFuntin
RN Lﬂuwﬂlﬁam@uﬁdqwméwmmﬂﬁﬂﬂﬂ IO TP
aunaluNMnIAarasTInsanatuaziuiladedoie

WARANITUANE » NENTNLNLTA » AanTsNLNTR  S9RnATA 67




Bulletin Chiang Mai Associated Medical Sciences

v 3 = A o = v
MTAN° AINNTANEN IR UHINLINTENANAUAUTNRES
A v a o o | 1% v
21gNANlIAIURTATEAEABNTANNINNIRGIBNY

Ny v 4 N ¥ P (%
AUNINWA’ WIBNNIADNINTIALBILEIRENHANZ B
5 v a a v =~ °
AEAMNINEFEIDENGINING T 1EluAUaIuENITINeY

TudananIntiasndiAugINING
N17RBANAIAINIELNBLANNITNTIFINAANE
sz 1y NITRNTIRILUGNUEA NITLALLUNLYN
WAL NMTRNELAIEINLN NNTNTIRILLINLALY YT D
wiusinsldginsnididnnseiing MFandn Nintendo Wi
@9 Nintendo Wii® Hginsoliasunansnsndasiinaany
ANARLUNTNTIAIVBITWNNNLNITENG Wi balance board
WuwiuEuaannaInad ns LR NN NTIA1a9519nIE
799919 Wii balance board Ranuqs Fandn Wi fit 11l
gUnsoinldsaniu Wii balance board aer Wi fit Usenay
AENNLAZIUTLNTNEANMAINE L UANHOIZ AN 7] 19NNT
LANAN NS IRINANNITE TN IR aulalin
NEATYNgARD NFLINHNTNIIFITB9T1NE° N9EIRE
2 & & 1 . . o@ A = < a o
2948947137 Nintendo Wii 1Tuann1a@enniantinun
ﬂizqﬂﬁﬂfﬁummfaﬂﬁﬂﬁqmmﬁ@Lﬁmmaﬁmqﬁq NN
19 Nintendo Wii 1319065 19ANNALNAUIUNT BN
o o ° o o o S @ 1%
n1TaannNIadnIe vinlrniraanniadniatuiilulylle
1 = a a o 1 s
ateildsz@nann wazthldguuamalunistlesiuusy
o A ' [% v o & = < X
ARTIARELALIADNITANIUAUDIU AU NITANHIATIN
=f Ao ¢ A = = o v
I UszasAlNaAnnaraIn1TiNNIIN s lngld
Tdsunsn Wii fit aunY Nintendo Wii WAz Wii balance
board TUAUBIUWANILY
L 4 ac
AAUAYIBNNS
1. ngNAratIn g lunsAnm
ANENANATLIZNALAILAUBIUNANIINANUIU
15 AU F298187ENIN 18-23 T Hesmilasaniauinnd
vrawiniu 25 Alaninaums? laiflszaunisainngld Wi
balance board lHtAtIAANANAINILNBLANNNTNTIAY LT
laazuazliiAtaann ANt NALNNNIATAINANLLS
1 NTENUINLN WIWAL S 1UFUBNANANATNLUNMLNAY
N1NN91 150 AlaniN vise Annazidutliavsaanisuay
AINITHARAYS UBITANINTELUUTZE N ANEALNRNNS
1% = @ = o v 1% a
PAUNNTABANT NTNBUIUVTENTTUIANNITLA dnng
[~ G | c:i't:l 1 & 1
UARLT LT UII AN HNARAURITENIALIL WASTN L1
v o o 1 a = t%
a1nsaeda AdadaanITiAaenlie aadie Win uay
i Tuszaunidugilassasanisiivdeays gnAreanain
= 1 = A Al = v z &
nsAnenATal Taaaresienldlunisivdeyalunseil

Vol. 46, No. 1 January 2013

dszneusig wuudeumNtayadIuyAna wuLLlssiy
Time's up & go test WLa¥ Single leg standing test WAy
Tdsunsa Wii fit T9rin91usanny LATad Nintendo Wii LAz

Wii balance board

ac =
2. 38n15ANEN
NITANBIATINHIUNITTUTRIATEIFTTNINUARE
Slump:fﬁsnfaqzﬁ’ﬂﬁnﬁfﬂﬁwmmﬂmﬁgmmw NININLRY
LNAMAE BIRNANATNENTININ U RIA LN DT BUARAS
ANNNELLAN ADLLLLADLDINLAZADLANDINALNEITBS
AUUItELATeIaadATINNIT T NINLAZInFIUga
AflasAuIARTiNIaNEAINgRT “Artinag
ne = Umtn [Alanfay/daugs (Wns)” enaaNAsiy
miﬂimﬁumimqﬁqé’qwﬁumuﬁmﬁ@uﬁum%mu
Tmeldn171ls 2L RU9g1 2 NNIneaaL
2.1 NINAEALANNEINITDUNITNTIRAD
Tngld Time's up & go test
A o a ¥ o 4 v X
AAduAun 1 enanadasiania i
Y v X o a o o A = va o
VUNRNUILIRLANE NasRanUWINAS Walaaudyoynos
‘Lﬁqﬂﬁuau waztAulluszey 3 LuRT AINUUNYURAT LAY
o e v X vme o 2 Va v X
NAUNNTIUNE FAfasuamewabidyyalignau au
NIEINBNANRNATNALNILIAANAILAZALNINAG Ioell9h
ANRIRNATYINNNTHNTANAAU 1 AT DVEVENATNARDL
va o o = o % & a S Aad v
LAZHARETUNNNAYINGN 3 AT LAZLRaNATINATNIgAN LT
11N193ATIETNA 1ALENNBINITNARBLAINNITANENA
wall haz Anuglutl 20007 TAEN1INAFDLANNUNTAN D
1035 InatluIzay 0.96
2.2 NNINARDLNITEUNTIFILUINTN9LAED
(single leg standing test)
A o a = aa a a
HAITEAUT 2 TUATENITUITIHULAZANER
an Vo o v oA <
3anslvnueNaalAT 1ALDBATANTN SULUINNIADY
¥ a2 v Al K% 1% A v Al |
{19nefiansaadinanluasunssdna (Headnaaeilva
= Al K = a v A
191 Hew91919luadne) Surnasauuandeinaaa
= v l;f E%l v o as =
R8N UNBNTN9IUINNNL FNNUIINNILAZIL ANFT NB3
maallsnumnin Inawialiiqalaganiiasnumindseann
3 WaFnenmsesaliuungainnazyinlg Iianan
ANATVNNTHNTENNAU 1 ATY BIEVANATNARDULAY
Ya o o = o % < = E Ao
ARSETUNNNAYINGY 3 ATY UAZIRBNATINANgAN LGl
NNTAIATIZIHA LALIBINBINITNARBLAINNITANEIUA
Michikawa way ancluil 20098 Tnan1snaaaLAINUN
A A Yo o
deteveddineglusray 0.97
Tisunsunisiinnisngesaaassanialssnay

‘ B8 Medical Technology ® Physical Therapy ® Occupational Therapy @ Radiologic Technology




015a1sNATAMSIWNEIBEDIHL

poe vinlumsasagluldsunsy Wi fit azvineusaniy
P304 Nintendo Wii wag Wii balance Board ﬂ%ﬂfa‘uﬁw
lgay 3 YN A8 MNNWIZAUNILELA (half moon) SRR
= ‘d? =1 = 1 s v v v
dauanauguniledsse Aoe < ousldniedig Anald
FAUTNYNYINIENATI YINUNTU (warrior) EUAIATILENTN
PAUNDUTEND WAREIBFIAIYT BIDINUINAS 90 BIFN
quarinnagluszAuviogn a1RIRT9 NAUIURaedndln
e A a v 1 o v o 1 Ao I
PUUTLNU TANTN 1A UL FAUNYNYINTENATI LAy
1 v v = :: 1 Yy s v v
sl (tree) Eumsa anntusaingan lnsldtedudaiin
v v a v v v lav v ‘qg/ ‘&;
YR NN AR AL UIBIAUINTNE WAL UINTAINU
= o v [ 2 o X oA A = =
HUNTIAIALUNTTNY NNDULUUDATHLVTDNUNND
1% £ N A o v o 1 Aa < qw
LAY SNVUURDATHE FALLYNNIVINRENATS LA lunng
HNVinaz 5 w1l 798 3 ¥IN 1IANNNAY 15 W9 @VENENAT
o = C 1 e ¢ o & o
117UNTHN 3 ATIRBFUANM LTUnaN 4 dUaNT ragan
G o Y e a
pruldsunsunisiln eraadasynaudniunisdszidiu
N1INTIFENATIALLLLLTELRYE Time's up & go test
WaZLUULsZINY Single leg standing test Tatialiianan
o v o A o o o At o ¥
mmwwumiﬂizwﬂuqummiﬂmmummuzﬂmmﬁ
o 1 Ao = a = |
warvA I lalliFauiiaunataanisAn I NauLas
PaINTNAne Ll sunTNENNNTNTIFa LN TAN AT

3. MslAszidayan1eaia
msdnsenteyaiugulaeldatinidmesnmn

(descriptive statistics) YANRNVENANAT LALLNANAFDLN
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Variables Mean * standard deviation Min-Max
Age (Year) 20.57 £ 1.34 18-23
Weight (Kilogram) 76.07 £9.76 63 -92
Height (Meter) 1.62 £ 0.59 1.60-1.67
Body mass index (kg/mz) 29.15+3.44 27.71-35.36

Table 2 Result of single leg standing test and time’s up & go test before and after training

Balance test Mean + standard deviation p-value
Single leg standing test (Second)

Before training 15.79 £ 5.01* 0.003
After training 29.36 + 6.63

Time's up & go test (Second)

Before training 7.00 £ 0.88* 0.004
After training 571 +0.11

*significant between before and after training; p<0.01
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HBV profile of the occult HBV infection in blood donors
at Maharaj Nakom Chiang Mai Hospital
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Abstract

Background: Since August 2008, NAT screening of blood donations by Procleic Ultrio
test and Cobas TagScreen MPX test for detection of HIV-1 RNA, HCV RNA and HBV
DNA has started at Blood Bank Section, Maharaj Nakorn Chiang Mai Hospital, Faculty
of Medicine, Chiang Mai University. A total of 118 HBV NAT-reactive hepatitis B surface
antigen (HBsAg) negative donors were detected.

Objective: To study the HBV profile of the HBV DNA reactive donors who were HBsAg
negative called occult hepatitis B infection (OBI).

Study Design and Methods: A total of 116,305 HBsAg negative blood donation collected
from August 2008 to July 2012 were selected and screened by NAT. All 118 positive
HBV DNA was performed for HBV serological markers. There were 73 followed-up blood
donors. Determination of HBV DNA and HBV profile were repeated.

Results: Occult hepatitis B infection NAT yield was 1:985 according to 118 positive HBV
DNA blood samples. Thirty three (27.96%) donors were negative for all HBV serologic
markers and 16 (13.56%) carried both anti-HBc and anti-HBs. Fifty (42.37 %) and 19
(16.10%) samples were reactive for anti-HBc or anti-HBs. The majority of samples (66,
55.983%) showed anti-HBc. Of 118 HBV NAT-yield donors, 73 (61.86 %) were followed-
up which found more in male than female. The HBV viral load was lower than 12 IU/ml.
Conclusions: NAT testing in routine blood donor screening can detect HBV DNA in the
window period and late stage of infection. It was difficult to detect HBsAg in the low
level of HBV DNA blood donors. The decision making for high sensitivity and specificity
of the NAT test should be considered for routine testing according to blood transfusion
safety. Bull Chiang Mai Assoc Med Sci 2013; 46(1): 72-80

Keywords: NAT, blood donation, HBV, occult hepatitis B
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Msasoor HBV profile Tus:er: occult HBV infection

TuwusmnlaRauoLIsOWENLNAUMSIUASIBEDIKU

dmwssos amszgar Iwedms andy anan Weadsgna

JUFUIAITIABA [79NEILNANITITUATIT NN AnzunmeAans umangraendenlva 50200

*HIUAATOLLNAIN (E-mail: nleetrak@mail.med.cmu.ac.th)

unin

Ty Anuzunnerans vnananasdedlud Tans
sr@aninmlunsasiansaanisisidelulainusana 1
Humrgauaina lneniinalulaginisnsaasnisds Nucleic

UNARNED

Aanaiunn: usuANfen JRanNeNLaNININTUATT N AMSULNNEANERT NUNANNAE
Fadlud dunaluladinnsnsaansasnisfadeluladinizaialagda Nucleic Acid Test (NAT) das
Procleic Ultrio test Wa% Cobas TagScreen MPX test #nldluinutlszansausiidoudaman w.a. 2551
\evidelasa HIV-1 BNA, HCV RNA Way HBY DNA wu HBYV DNA l#inavuanlaedi hepatits
B surface antigen (HBsAg) lanaLfluas a1uau 118 faating

Fanuszasd: Anen HBY profie vasmsiinitaloiasusniaud lufuianalafinifling HBY DNA
Wuuanuag HBsAg Iiwaatluszaza0insAnideRiaandn occult hepatitis B infection (OBI)
WHUNISANELAZAENS: laFLTIATENINARBURIMNAN 2551 TALABUNINGIAN 2555 7 HBsAg
IFaaL UILTIAY 116,305 Faatng faathadensiuau 118 faatnailinauon HBY DNA
wazinlinagauyn HBV serologic markers AR28819AARINAUIN 73 AIBENY UINIRTIA HBY
DNA Wag HBV profile 11

HAMSNARAL: FaetaAenilinauan HBY DNA a1usu 118 faethe Asdlunismsaanunis
Ardeluszay occult hepatitis B infection (OBI) iy 1: 985 NLFaAlafmAWIL 33 1 (Fau
8y 27.96) Wina HBV profile 1{luay wu anti-HBc a8AY anti-HBs a119u16 378 (Feuay 13.56)
AT9ANL anti-HBs 2&NAE9aUIU 19 378 (a8as 16.10) WATWL anti-HBc B819LAE3 UL 50
78 (Feuay 42.37) ARLTlLNNTWL anti-HBc auau 66 118 (Feuay 55.93) ﬁ@u?@m‘l@ﬁmﬁﬂﬁum
AIIARARINANUIU 73 978 (3088Y 61.86) Lﬂw,wmwmnndﬂmec@qLmeuﬂ?mmL’%@iﬁ@ﬁu
anaudang 12 10/ml

#51l: N33 NAT 3nldlunnsmsansadlalinuidannannsnnsaany HBV DNA vluszazusnuazly
szugingesnnaindelaFasudniaud %\1tﬂu’?mm‘i@ﬁmmqawﬁﬂ?mmmmL’f@ifﬁmﬁuﬁmaumu
nezuadeasnanyliAsaalin HBsAg 29A2IRANTUNLNTN N NAT 7ifAnallauazanasmigy
Qwﬂ%‘lum@mmm@ﬂ@ﬁmLﬁmﬁmmwﬂ@@mﬁmmﬁﬂw 5@15inABANIsUN N Tl ual
2556; 46(1): 72-80

A159A: NAT, blood donation, HBVY, occult hepatitis B
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Instrument Center, Rotkreuz, Switzerland) Wavidaliia
HIV-1 RNA, HCV RBNA laz HBV DNA W;@Nﬁlﬂuﬁ@@m
W2 lne Cobas TagScreen MPX test laliNNTATIAMN
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AaatinaLmEnf Procleic Ultrio test WAXATIAAQ8IAIBLIN
794 6 Aaet gl 1 “aanme Cobas TagScreen MPX
o | = o v v an =
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mﬁma‘@mﬁﬂimﬂ"\imﬁmlﬁ’mﬂumﬂmﬁﬁmﬁzmWufm
el Auanauiluszaugs’ mmwmumm@uﬁﬁmi
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PAINNNRNTUN NAT 11 1Bl UN1TMTaN 709 laRmL1aNu
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v a a a | v
ALFANALA R8N LN AN I TUATIT B I E N LINA
HBV DNA fluuanuaz HBsAg liinaavluszezaninissa

\TadlTENan occult hepatitis B infection (OBI)

TRAUAZABNIS

faatine HBV DNA #l¥inauan
1aRALTAATENINUADUGIUNAN W.A. 2551

DALABUNTNYIAN W.A. 2555 ATiunIsIEaN gL ALTaY
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SUNANTLABALATUNYLARDUTILBIlIINEN LN NI
UATITENLYA AU 122,320 FANBLNILATNILNNIATIA
nseaMIRALTe anti-HIVA/2, p24 antigen, anti-HCV,
HBsAg uaz Syphilis AaeRadislatiagldrnannis Chemi-
luminescent micro-particle immunoassay (Architect
Abbott, Wies-baden, Germany)
116,305 fivaene 1iluUnsaamidalaa HIV-1 RNA, HCOV
RNA uaz HBV DNA #9338 NAT %iged3a uuusaetng

v vV o
WA LTHAALAN U
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WLUTIN 6 R288NA9E Cobas TagScreen MPX test seUu
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nsnagauw HBV profile lusagneiiliinauan HBV
DNA (Index)

Fnaenafingaany HBV DNA 41uaw 118 flaatng
inldneaeuyri HBY profile Aae Architect anti-HBc
immunoglobulin M (IgM), anti-HBc Immunoglobulin G
(IgG), anti-hepatitis B e antigen (anti-HBe) Waz anti-
hepatitis B surface antigen (anti-HBs) (Architect, Abbott

Diagnostics, Sligo, Ireland)
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TLULERIUIR Cobas s201 TAINVNNARELMN HBV profile

ULAEINUAIDEN9NLTIU index

NANISANEN

ANT199 1 LEAIHANITNAGDURAIDENILADA
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Table 1 Prevalence of HBV DNA in HBsAg-negative blood donors collected from August 2008 to July 2012 at

Maharaj Nakorn Chiang Mai Hospital

HBV DNA-positive Prevalence of OBI

Period Number of donation
Aug 2008 - July 2009 27,235
Aug 2009 - July 2010 28,575
Aug 2010 - July 2011 29,491
Aug 2011 - July 2012 31,004
Total 116,305

30 1:907
30 1:9562
27 1:1,092
31 1:1,007
118 1:985

OBI = occult hepatitis B infection

WOURIMIAN W.A. 2551 DAURBUNINIIAN W.A. 2555
AUIUTIIAY 116,305 Faeting WusednAenTiline
1N HBV DNA auau 118 faatd Acilunisnaa
wumiﬁm’i@imzm occult hepatitis B infection (OBI)
winiu 1 985 wiveaniflusnetradeniilaiunsaia
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FOBEN TEUINAABURIMNAN W.A.2552 TAADUNINGIAN
2553 ANUIU 28,575 A18ENY WL HBYV DNA Aa1uqu 30
FOBENY TEUINAABURIIAN W.A.2553 TAABUNINGIAN
W.A.2554 AU 29,491 Aaind WU HBV DNA anuau
27 ANRHNLAZIZNINUABUAINAN W.A.2554 DALABU
NINYIAN W.A. 2555 A1UIU 31,004 FAIBEN WU HBV
DNA s1u9u 31 faetne Andlunsmssanumsfinige
luszar OBl wWinny 1: 907, 1:952, 1:1,092 wag 1:1,007

ANNANAL

A199T 2 WAAINANITAINA HBV profile lu
Faathaidantasisaalafindiuiu 118 safinsaany
HBV DNA wudnmsaanulneas Cobas TagScreen MPX
test A1UIU 74 378 wazmIIANLlAEAE Procleic Ultrio
test AU 44 778 HELFANALANRAAUIL 33 918 (Ft
av 27.96) Wina HBV profile luau unnsnsaanulng
35 Procleic Ultrio test a1uq1 18 318lLaz3a Cobas Tag-
Screen MPX test a149% 15 9181 HUFANALATAAIUIU 16
918 Fauay 13.56) WU anti-HBc Way anti-HBs T9ms94
wulmeRa Procleic Ultrio test a11421 6 9181 Laaa Cobas
TagScreen MPX test a1uau 10 8 wugi3analading
AT9ANL anti-HBC LNEasinuRAeIaUIL 50 318 (Fneay
42.37) Ingms9anuA2895 Cobas TagScreen MPX  test
F1UIU 40 398 TIWLNNNGNRE Procleic Ultrio test W

Table 2 Serological HBV profile of the 118 HBV DNA-positive blood donors

HBV DNA detected by

HBV serology Total number detected Procleic Cobas TagScreen
markers (%) Ultrio Test: IDT  MPX Test: pool of 6

Negative for all 33 (27.96) 18 15
markers
Anti-HBc plus anti-HBs 16 (13.56) 6 10
Anti-HBc only 50 (42.37) 10 40
Anti-HBs only 19 (16.10) 10 9

Total 118 (100.00) 44 74

IDT = Individual-donation testing.

Note: Anti-HBs antibody level of 5.65-72.96 mlU/ml found in 26 donors, 116.44- 441.09 miU/ml

in 7 donors and >1,000 mIU/ml in 2 donors
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35 918 F5IAN9E11919 5.65-72.96 mIU/ml. 41191 26 114,
AANTZUING 116.44-441.09 mIU/ml. AU 7 918 LAY
HINNQT 1,000 MIU/mI. a7U91 2 918

A171971 3 WARIHANNTATIA HBV profile lu
lﬁaaﬂ'wLﬁ@mm;}l’u?mﬂi@ﬁmﬁmmmﬁmmwﬁ’]mu
73 778 (Geuay 61.86) wiuiwwATiaanuwIw 57 3¢
LNANIUY ANUIU 16 978 Lﬂuﬁu%mi@ﬁmm%@um
35 918 LmzLﬂuﬁﬁmﬂmu?mm‘i@ﬁmﬁ%mmmmmmﬂ
uasieslainiglu 3 1 ausu 38 $e Aengsendng 17
79 56 T (Anans 23 1) AlFanadlasasuaniaud snan
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Bunoudeliasusniaud sndn 12 10/ml NHLFAA
Tafinsauau 28 Tafimsaany anti-HBc athadan
LWATNEATUIU 24 778 INAELNATUIU 4 18 LA e
TafiNATILINANLIL 15 308 LALNLEANAlaTIRLAIR LY
13 778 B1g781979 17 09 52 T (Anans 26 1) fuFana
Tadinia 9 MefliBanoudelfasusniauiimng 12 10/
ml ﬁ@u?mﬂiﬂﬁmﬁmwwu anti-HBs \Wg9BeNLAY
AU 14 7781 LEIULWATI 871U 9 778 LWANTINATUIU
538 Lﬂu{j’u?mmiaﬁm%a WIN 6 918 LABNNLITAALATR
LAWY 8 718 Henesendnd 18 T 28 T (AMnang 22
7) fBnadlaFasusniauisnngn 12 1W/mi Se 47.9 W/
ml AMNHANTANEI WL LTAAlaARdaulnnjauau
37 318 AzmIIaNy anti-HBe dewwluiwaAmnasinnan
wandauas IS noude lhasusniauisng 12 W/ml

AT 4 WARNIYEZRINNI AR Bl TaFUEN
wwud fqﬂﬂﬁqaﬂ'wLﬁfammmrzz\fu?@nmi@ﬁmﬁ@ﬂuﬁiDEMMWN
f1uaU 78 $18 WuddnnsAndeluszazusnanuau
17 978 %q@gﬂuiwz window period A1 9 9181AN
N1TATIANL HBsAg, HBeAg, anti-HBc IgM, anti-HBc Ve
anti-HBs fLFaAINUIL 8 918 BElusrezqavineIednIg
Aadeliasusniaut lnemseany anti-HBG, anti-HBs,
HBV DNA Az anti-HBe annsAnEwuInguFanaaqy
Inny @5 119, Taaas 61.64) Aadelasasusnianluszay
occult HBV infection a1NN17AT3ANWL HBV DNA, anti-HBc
%78 anti-HBs %78 anti-HBe lamuiuFaAlalinaIuau

Table 3 Serological HBV profile of the follow-up index donations of 73 HBV DNA-positive

HBV Median age of
HBV serology Number of Sex Status viral load, donors, years
markers donors M/F FD/RD 1U/ml (range)
Negative for all 22 18/4 9/13 <12 -189 22 (17-40)
markers

Anti-HBc + anti-HBs 9 6/3 5/4 <12 29 (17-56)
Anti-HBc only 28 24/4 15/13 <12 26 (17-52)
Anti-HBs only 14 9/5 6/8 <12-479 22 (18-28)
Total 73 57116 35/38 <12-189 23 (17-56)

M/F=male/female
FD = first time donors

RD = repeated donors
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Table 4 Classification of HBV infection in follow-up donors

HBYV infection status Number of  Serology of

donors (%) index donation

Serology and HBV DNA

of follow-up donors

Primary, acute infection

Window period 9 (12.33) Negative
Late stage 8 (10.96) Anti-HBc
Occult HBV infection 3 (4.11) Negative

10 (13.69) Anti-HBc/anti-HBs

25 (34.25)  Anti-HBc

7 (9.59) Anti-HBs
Reinfection or 1(1.37) Anti-HBs
breakthrough infection
Unconfirmed 10 (13.70) Anti-HBs
Total 73 (100.00)

HBsAg
Anti-HBc IgM
Anti-HBc
Anti-HBs
HBeAg
Anti-HBc
Increasing anti-HBs
HBV DNA
Anti-HBe
HBV DNA
Anti-HBc
Anti-HBc
Anti-HBs
HBV DNA
Anti-HBe
Anti-HBs
Anti-HBc
HBV DNA
Anti-HBe
Anti-HBs
Anti-HBc
Increasing anti-HBs
Anti-HBc
Anti-HBc IgM
HBV DNA
Anti-HBs
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