(FERPMIE 435 $55 371-383F, 1994, 10)

AR VT HEOBI < S ) 765
2) BViE< 5 ) T RUO=ZHE< 5 ) 7EAM D
BRICB T 5 E MBS R
£¥f " GEORGEK.TALEO? HJIIT&?
(GEHERE : Frk 6 F12H268)

19884 S199IFIT DT A 5 % Y THREFICAIE T 5/, 7 v D118, 33EH TR EELA MR
L% 7Y TREEHAE (malariometric survey) %17 -7, #3111,590 ZOIMKK % T~ k&R,
JRAfGHR (PR) 1313.5%Th -7z, BHONRIBEER~>Y 7 (P 67961, =A#~<35 Y
7 (Pv) 847 %I, WMB#~3>) 7 (Pm) 1581, Pf & Pv OiBARKS18%| T, Pf EERHA L Pf ©
I B165 FlicH i, ERMERIDO PR 243&, Pf, PvEb 0F B S 1 -2 FBHICh I TAB
BLH EBOBH SN, ZDK, Pvid3-4 FT15.9% & REICTs - 7218, HNES & B S B
D U7, PECIRIMENIC & 2ZALIERTH D 1-19F T3 5.6%-8.6% DRIEHR L1c, T DR
Pv & Pf OFEEAMMEIX10-11F THiEE L T Wi, P ATERHA IR 2ERMEICA SN ABZD PR 3 1
“UF OB TRIF U EX D bED - foo MPFRBREE 12,800/ u 1LL EORERNIZTHEIc£ <,
W2FUTOHTREPVICXZbDBEL 5Nt EILBHH I L TEAMMEREBR AT - 720
in vitro T3 Pf @ chloroquine x93 KIGE5581 TH~ 9 Bl btk %, 1THIAERRERL
EC50, EC90, EC99 (& %50%, 90%, 99%53%UKTZAKBHIL 3 % HAIERE) 13554 0.248, 0.930,
2.732pmol/ 1] M TdH - 2o mefloquine it L TIE25H| it H:Fl12 75 <, quinine i3t L Tl
3660ch 1 Bl A DTHHEER L 7ce in vivo 1B 3 Pf @ chloroquine 5% (RABELT
600mg 3 BfE: CHL) DORIGI15361 c#I%E LittEslid R3:2 #1, R2:5 %1, R1:36 1 Tdh -7, R3
/R2ORBERIG0-4F TRIS.2HTHFLULEDL TR I EREICEL (p<0.0D), F/ RIFHK
RIF I SLINTHRED 212 LV EEICE M » 12 (p<0.01), Fansidar (IRAB&E L T
pyrimethamine 75mg +sulfadoxine 1,500mg 1 [E[#:5: PYR/SDX) #5#% T3172 #ilh R3
1372< R2:20, R1:4HITH -7 BB D Pf ® PYR/SDX g% DEHHEE D, 14FLITFD
2400 Py SHIBIL, ZOHBERIZ0-4FTIB3NEEM > 1, 4 CHLIGE®R TR 1BloAT
bHoto BICPv D CHLEBE5®OKIGEZ 10268 THE L &R, 1F0ABR2METH - 12,
PYR/SDX 5% T3 5861 R3:2 #, R2:6 #il, R1:3%| THRIHRICEMERIOE T - 12,

PE, =350 7TREMEROFEEICE VT, REICED BRI O FRIENEHIM D FE
ICHIEIRNVER T %0 B - TRBOERIHE & RICEEROER R PR A ZE T2 4EHH 5
EEZ o,

Key words:drug resistance, Plasmodium falciparum, Plasmodium vivax, malaria,
chemotherapy, Vanuatu
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RITEICB VT RAEREIELYL, TodBEIRE
EHFARERERE L > TW3B (WHO Malaria
Unit, 1993),

1992 %108, A5 V57 TLRTF VT AILBWVT
Ministerial Conference on Malaria #* WHO @ F {#
THfE S 11 Global Malaria Control Strategy 75
Rant, KRFBCBOVTREANBIKE LTEHE I~
5 ) THER DD BZKIEE, B ICEFBICEIL
1ORRAY > DHEFFATRE I Rk D R E ERA BT ST
w3 (WHO, 1993), H—0mrSid~5 ) THRROR
BB S ) 7T OXAMESEELCRETSHY, <5
Y 7 RIEDL ORI B B BWTEE A O ML AR
TH b, BLOR S BRAUAREDIROEM S BRELE
HEEDTBY, HiLFEEROEFAKRSE IC X 5%
BEFONEY, TOEMRBEBEEIBEILLTHRL
(Oaks et al., 1991),

BE < 5 ) 7 D chloroquine i £k D Hi 131950
FEREEICEAICRKTRE DN, 1959 i ¥ 1 THR
&hiz (WHO, 1984), =D, Mtki3tHFRIciiL <
TEERETRET 7 ) »O—HERVTEER<5 Y 7
DHRHTZRITNTOHIBTHES LTV S (Pe-
ters, 1987), BIfEs 1 TREH R~ 5 ) 7 DL A
HREZHEEELIL->THY (Pinichopongse et al.,
1982; Nosten et al., 1991; Fontanet et al., 1993),
RENT 7T =a2a—-F=T7X0D=ZH&~<5 ) 7D
chloroquine M #2#E & v (Rieckmann et al.,
1989), HAIMMERIEISHEEEFRTTETV S,

25 ) TRITHERICB T 38~ 5 ) THRIOMBOH
BHEIZORPEREBEO L NVOEELZ TS (Peters,
1987 - T7 4 — N FItBIF 2EFIMHERBRTIRZ
DHREBROME B VLB~ 5 ) THRREFE >EH» %
HOPIZ L TBLLEND B, 7 14—V FITBIT A
fEERER & LT, invitro7 2 &% in vivo 7 R b
»H Y (Rieckmann, 1984), Ri#E IAEYEMNLFEE O
RN T 2REZME, BRERBFEOBRPERZOLET
2B BERIMAE DA ST 2 RIEEH B T L
85,

TOTKPEDTS Y THIRL -5 ¥ 7T RBEREHRLD
1 v F Y FEEERTEBEBICAY, 1 v FxvT, o3
77 =a—F=TELEMAL, *5XVTHIEONNXT Y
KEVRDL, S0, #EZ7 -V IFELINZTVE
POTCT=a—~7 ) FREPIH, KEFICBTE<S
DV TREWSHOEEORRATH B L E b,
chloroquine MHBHE~ 5 ) 7HHORRE B -
TW3, Y TIRENE LT, Anopheles farauti
BREEN (Ree et al., 1991; Maffi, 1989), F & L
TEE#~ 5 ) 7 (Plasmodium falciparum: Pf),
ZH#~<5 )7 (P vivax: Pv), HICHMHA#H#~<S ) 7

(P. malariae: Pm) OEFI %2 A2 (£F, 1989), 4
< B+ % Pf O chloroquine fif 4 (31981 & 12 1361 D
invitro ¥ A MK O BEI NI DOVEFTH 50 (I
B, M3, Zo®FHEABRITOA TV L -7,
ORISR AT RIT, FH S I1987T4 9 A H 519944
S5HETHUMICBT 25 ) THER T V=7 MBI
Lo T ORE19885 D 5 19914 i 2 iF THE 43 M Sz
(semi-immunity) %8> & HIh 2HEF & 0 MEKR
BTRAEFICH LT, EAMEREBREEREL, R
ZAERBRRICHRET L 7,

MRIKICHE

1. x5 tis

NRTYIRIATFRYTOERICAEL, KFEEICE
DERKNBORDEN S B, BEAE— b ES EREHELT
42457, HARR168RELITHMICNIE T B, 19914 D hiEHIA
M13150,600ATdh - 72,

LR TR 319885 A S 19914F 1T H i TILE D3
7 28K (AO6,300A) RU+ v +& (27,000A), &=
Wo<x 78 (2,500A) RU¥~xrFaz+E (11,800
N, itio <3527 58 (20,300A), Tv 7Y L&
(7,400A), oz s B,900A), b I7E
(3,900A) ®RU'z7 775 (33,500A), MEDs +5
(20,900A) BRUT %24 FavsE (T00A) O:F11ED
BEHKICBV T T INHRTNT2F Y 7iREM
LEZ SN AHBENICDH - 7o,

BEARABI N2 7 vBNEEROERMNIERER S
(Disease Control Committee) DAEZEEE THEM X
nito,

2. HEMMmEKRA

BEOREMNKICBVWTR2MERS 3 VWII/NFRY &
EWMREL, 235U 7 OMKREEIT > 70, BRIMIIHER
ZDEED STV, — DR 54 FH 5 2 FIcEERE
A & EERKAEA LR L, %IR%, EBOAE XS
/= NVEEL, pHT7.20 Y v EBEEK THIL7210%+ —
LGB TI00R4E U 7c, SRIZES S ALY
WMEETI0X100F5ICTHT» 7o BBMEZR 54 Fizo W T
FOHEDH, HIMER200H I L THEBRKEFHL.
Zh X VEH LA IEFEAMERES,000/ £ licxtd 3 FHh
¥x b - THREE (parasite density, PD) & L 7o,
Z DR, BirE< S ) 7HBRICO W TIIRER & LR
FEXBIL THA T, BBREICKE L TIIEIN, ME
KEIRIETL & DL BIREEIC bR U7, AR 13
C OEFIMKEHAE TR L BgHF] & 0 2R A 7GR
XL TIT - 720 R L - BEHA TEFImM M RBRE1TH
1o TAEBIC LTdi~= 5 ) TRIC K D iB#E L1,



3. =7 ) 7IHH DA R ER

ERROEFMKHEE TRIE L 7R & 0 RA
TGN U CRAIMYERBR % 1T - 720 7 DREFLRIRO&
i3, OB%2BHoMIci~s ) TRERAL TV
VWEH, ChIRMBZICK - T, D, ORM, BhEE
FORBOEMH I L THHNTH 2 &, @EERMIC
SERED KR EN LRIEE D C ETh - 70, BIEDA
dinvivoT 2 P TREETHH, WHO (1984) 125 H
REE10,000/ 1 1L EDFEFNIZBA T 2 & S icEiR L Tu
THAMICZ NI - 72,

ERLBHEB~ S5 Y 7IERNICK Lin vitrow 4 2 o
TAMKRGinvivo TAbE, ZHB~=S Y TIc LT
BATE LI NTE S FREDSEIT - 12,

a) invitro®4 7 o5 X b: Rieckmann et al.
(1978) OHHEIc &b, EHEICE L Tid WHO (1987)
DFZXbFy bEMHLI, A5, #RL 7 PEM &
D~ AL L FCBE T100 £ 1 2 F58ED SERIM L, @B
BILFH 0.9ml OEBKREDE L TV A BREELE
B L, BEBMORBHFED 7 « — v FEHMISEAR,
FERSI COFRIME, ERPBEIRES->Te v
FENTWVRI2X B8RO 707 L — M50 u 153
L, €07V — % candle jar ic+ v b L7z, WHO
D3y 7Y —ERED Mark I &I T 37°CT 30-40
RPf B2 L 7o, EBROREEEMIIFRORBFRIICE -
foo BEER, KD O LEERELE, EEREER
RO F — AR EBAER Lo, 8RICER L TR KRR
BB 2 ARIMERBYF 120018 i Xt 3 3 53 Bk D ¥ % &
L, HREOERHSTERICHHIEE T W 3 B/ NEH|jE
E% b - TR/NAIEEE (minimum inhibitory con-
centration: MIC) & L7z,

b) invivo 7 X b: EREICEEL TE WHO (1984) o
FHiEERIC TN EKE L TIT- 72, standard test ic
WTI3 Rieckmann (1990) Offiffi{b L= HkE2 0 A
i, B, BALEFICK LT Day 0 O#RIM%T -
ok, MEBFICE > THEICEREZRSG L, 20%
Day 2, Day 7 &#Ifl L 7c (standard test), Day 2 ic
B BFERERED Day 0 ©25% L1 EOIERIE R3 & HIE
LELBIRE A G Ui, 256% KM DIER3 %2 D% Day
TICHRIN URBRIDE > TO T R2EHE LE 28R
EERG Ui, RERSHRLTOWIEMIZRI/S &L
T, BICHREZSFRY Day 14, 21, 28&:EBHF L4RIM L 7
(extended test)o T DEFFAEIC B\ THRER A EHMR
L7cbDIBRIEHE LE2BINREERE Lo, BRL
18hp o1 b DIESEME(S) & L7, Rieckmann (1990)
(3 k32D standard test Ic¥ i 5 R3, R2, R1/S % %
NZNERE (good), 4K (partial), KUR+4
(poor) BIRIGEEFFATVS, BB, hdOBHER
BINTEESHEREONK AT TERB LI, 7
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Z b OHEFTIZ Y 7z > TIREERN KR OZ 4 i3y s o
REICHEL, BDSEDONALEZREBICT 2+ %
kL, EYISIE I - 7, AFHE TR L 2 KHE
TRTWHO OBIEICHSE NN 7Y HEFDES 1=
(=5 7iHEES ] cfty, BEIVEM AR T7TvIcs
WTHERHESNTE2bDTHY, ZOMBEELFEERD
WG 7ok, BELOZOHBEICEBHMCREL
7o

4. WEHENHE:
BREOEROLKIZ, x*BRES VLI Fisher OF
BHERHEEEAVTIT - 2,

& ES

1. FEEmE~ 5 ) 7HRR

LHMARAE %2 EEBEDNCHEST L2452 % Table |
R U 7o #85H11,5904 % ~, Ik 5 s % 13
1,559%CHh b, FHABGHR (parasite rate, PR) &
133%TH» 1o BIEHEONREIEEEH <5 ) 7 (P
67961, =H# <351y 7 (Pv) 8476, MHHK~SY 7
(Pm) 15 8l, R Pf & Pv ORAREH18FITH - 720
733 Pf ARERHAIR Pf D 5 B165FIIcA Shtz,

FERERHRRER D PR (3, Pf, Pv & & 0 ¥ EEHD S
1-2F BT TR X s ohtc, 20
&, Pvid 3-4FT15.9% L BEICTS - 7oik, Nl & ft
ICEEIC D LT LIBT3 5% LLT, 204 LI
LO%IAT &7 572, P CIRIMEIC K 2 ELREBRTH
D, 1-19F % T5.6%-8.6% DR = HER L 7214, 20-294
TlI8R EERIEEL Y, ZOERBU EROEBNESH
foo ZDFER Pv & Pf OREEAIM:IX10-11F TH#E L7,
Pf A RHA IR 2ERB TI31.4%IcA 5Nz, £D PR
30 FBETIH0.5%7 » 1A, 1-4F OETIZ1.8% T
NRISHULEDBED04% L b bFEEICE,L -2 (p<
0.001, x°*KRE)o

MpHRBEOESIEE~YT ) TOMREL L3 LE
Z oh, Table ] OEMH O R, Ko 5 Bruce-
Chwatt OJFHEEE K (WHO, 1984) 9Lk, HIbL
MR 512,800/ 1 184 L DIEFI D 1,000 & 272 » D
ERMBRHBEAE Fig. 1SR L, SFSEERI210
FUTFTOTHIcEL ASNt, 3FLLETIEEE s
BIIPIICL B HDDEDNEN >0, 2FUTFTIE
PvickadbohknEHont,

2. invitrolTBY BEEE< S Y 7O

Pf @ chloroquine, mefloquine, % U quinine iZ
X9 3 invitro =4 7 o5 2 + DFER A Table 2 12757
L 726 chloroquine ® MIC 2R T4 % &, 556t 9 #)
(16.4%) (F16pmol/wellll F oM %, 1761 (30.9%)
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Table 1  Age-specific malaria prevalence in Vanuatu 1988-1991: Results of the mass blood surveys in 33 areas of 11 islands

Number of Prevalence (%) of
Age group No. of No. of Parasite
(years) Examined  Positive rate (%) Pf Pv Pm Mix Pfgam Pf Pv Pf gam
0 379 41 10.8 15 26 0 0 2 4.0 6.9 0.5
1-2 840 189 22.5 57 127 2 3 17 7.1 15.5 2.0
34 996 232 233 74 156 0 2 20 76 159 20
5-6 1218 218 17.9 76 135 1 6 20 6.7 11.6 1.6
7-8 1495 292 19.5 124 162 2 4 34 86 11.1 2.3
9-10 1499 214 14.3 92 117 4 1 23 6.2 7.9 1.5
11-12 1304 148 11.4 85 56 5 2 22 6.7 4.5 1.7
13-14 844 77 9.1 47 30 0 0 15 5.6 3.6 1.8
15-19 805 60 7.5 45 14 1 0 5 5.6 1.7 0.6
20-29 820 27 33 15 12 0 0 1 1.8 1.5 0.1
3049 824 30 3.6 25 5 0 0 4 3.0 0.6 0.5
50< 566 31 5.5 24 7 0 0 2 42 1.2 0.4
Total 11590 1559 13.5 679 847 15 18 165 6.0 7.5 1.4

Abbreviations:Pf, Plasmodium falciparum;, Pv, Plasmodium vivax; Pm, Plasmodium malariae; Mix, mixed infection; Pf gam,
Plasmodium falciparum gametocyte

No. of cases /1000 examinations

10

B P faiciparum P. vivax

TN

9-10 11-1213-14 15-19 20-29 30-49 50-
Age-group (years)

Fig. 1  Age-specific prevalence of high density parasitaemia *: Parasite count 12,800 or more per microlitre of blood.
*From results of the mass blood surveys in 33 areas of 11 islands in Vanuatu 1988-1991.
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Table 2 Invitro response of Plasmodium falciparum to chloroquine, mefloquine & quinine
in the micro-test in Vanuatu 1989-1990: Showing minimum inhibitory concentra-

tion (MIC)
(a) Chloroquine
Minimum Inhibitory Concentration (picomols per well)
No. of
examined 1 2 4 8 16 32 64<
55 4 6 19 17 7 0 2
(100%) (73%) (109%) ((345%) (309%) (12.7%) (0.0%) (3.6%)

Indication of resistance: MIC 216 picomols per well (WHO, 1987)

(b) Mefloquine
Minimum Inhibitory Concentration (picomols per well)
No. of
examined 2 4 8 16 32 64 128
25 14 9 1 1 0 0 0
(100%) (56.0%) (36.0%) (4.0%) (4.0%) (0.0%) (0.0%) (0.0%)

Indication of resistance: MIC 2128 picomols per well (WHO, 1987)

(c) Quinine

Minimum Inhibitory Concentration (picomols per well)

No. of
examined 4 8 16 32 64 128 256<
36 0 4 14 10 5 2 1
(100%) 0.0%) (11.1%) ((B89%) ((27.8%) (13.9%) (5.6%) (2.8%)

Indication of resistance: MIC >256 picomols per well (WHO, 1987)

i3 8 pmol/well DERIEERLIc, BB T oYy M
Ik B, NEEEEERL50%, 90%, 99%HIE+2EH
RhEK|BE (effective concentration, EC) HIH EC
50, EC90, EC99i3, zh T BEE cHET S L
0.248, 0.930, 2,732pmol/ ulTd -7z,

mefloquine 5t L TiR25F iR R Lic b D i s
M= 726 quinine 13X L T3 36 Fld141 D A bsi i % 7R
L7

3. invivo ICBY ZEME < S ) 7T O

Pf @ chloroquine (B A& & L T 600mg 3 H R :
CHL) # & U Fansidar (Fk AR & LU T pyrimetha-
mine 75mg +sulfadoxine 1,500mg 1 [E[#5: PYR/
SDX) X493 invivo 7 2 b DFER % Table 3 IR

‘3_0

Pf @ CHL o9 2 RIGI3163%icBWTHE S h, %
DA 2HIE R3%E, 5FlIF R2E/RL, BDIFR1/ST
Y, RIY/R2OFKBIRII4.6%TH -7z, BT R1/S %
R LBl DOA13LIHIC D W T id extended test H3FT X,
36 B (27.5%) B RITEOMSS TH-1

INEERBRICR TS 5L, RI/R2OREKIZO0 -
4F OB TII5.2% T, S5FULOBDLI%LVER
WWEh - e (p<<0.01, Fisher D EEERTERE), X
RIOEBERIFIHETIIO1.9% T, HED2.2%LD b
BRICED - 12 (p<<0.01, x *BRE),

PYR/SDX icxf L TR EMHEL & b RIF UKL E R
LTHBYD, 2FTIT2Hd R3 34, R21IE2HITH -
720 BEIT extended test % E i L 72126414 R1 iZ 4 £
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Table 3 In vivo response of Plasmodium falciparum asexual parasites to chloroquine and pyrimethamine/sulfadoxine
(Fansidar) by age in Vanuatu 1988-1991

(a) Chloroquine: 600mg base on Day 0, 1, and 2 as adult dose

7-day test Extended test
Age Response* No. of Response’
group No. of R3/R2 examined _— R1
(years) examined R3 R2 R1/S rate (%) R1/S R1 S rate (%)
04 33 2 3 28 15.2%?* 27 14 13 51.9%"°
5-9 53 0 1 52 1.9% 43 11 32 25.6%
10-14 44 0 0 44 0.0% 40 8 32 20.0%
215 23 0 1 22 4.3% 21 3 18 14.3%
Total 153 2 5 146 4.6% 131 36 95 27.5%
tsignificant (p<0.01, Fisher’s exact probability test), Ysignificant (p<0.01, x? test)
(b) Fansidar: pyrimethamine 75mg + sulfadoxine 1500mg on Day 0 as adult dose
7-day test Extended test
Age Response* No. of Response’
group No. of R3/R2 examined —_— R1
(years) examined R3 R2 R1/S rate (%) R1/S R1 S rate (%)
04 42 0 1 41 2.4% 34 1 33 2.9%
5-9 54 0 0 54 0.0% 34 2 32 5.9%
10-14 39 0 0 39 0.0% 27 0 27 0.0%
=15 37 0 1 36 2.7% 31 1 30 3.2%
Total 172 0 2 170 1.2% 126 4 122 3.2%
* Responses of 7-day test: ¥ Responses of extended test,
R3 = Parasite density (PD) on Days 2 > 25% of Day 0 when Negative on Day 7,
R2 =PD on Day 2 <25% of Day 0 & Positive on Day 7 R1 = Positive on Day 14 or 21 or 28
R1/S = Negative on Day 7 S = Negative on Day 14 & 21 & 28
TH-1o 5. invivo IKBIFE=HE~< I ) 7Dtk

Pf L[ERRICH#HT L7 Pv © CHL R0 PYR/SDX i<

4. Fansidar 5% 08~ 5 ) 7EBHA AR DI T 3in vivo TORIE% Table 5 ICR Lz, BB

HELAZ=A#~<5) 7

Pf i6#% D28 AMIC b 12 2 BB FAD, MPh~D Pv
OHEDBEE S/ (Tabled), THid PYR/SDX
HREZR D126 246 (14.0%) iIcddht, ThE
ERBNCRE S & 0-4 FTi134261+33.3%, 5-14F T
13 9361th10.8%ic & S5, 15F LU LED3THlIciZA SN
15h > t2o CHL i3 T315361t 1 FlO A TH - 72,
T, TNSOEFDE L BBIEMRTH - 12,

Table LIT/R LAWK ISF LI ECR PYBFETHD T D
FWHE T RIEEAICKT LTI > L EFLER T &
S otzs

CHL tzxf LT 3102615l D & 45 R2%ER L, B
2 R1/S TH » 72, Hic R1/S DA extended test 217 -
1 S1BI MR %R U 1Bl I3 48D - 72,

PYR/SDX %t L Ti358%1ch26i A5 R3%, 6 #s
R2%Z/RL, R3/R2OFEMEI313.8%TH -7, 4 F VL
T 5-9F, 10-4FOEMBTIORBERICEENLE
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Table 4 Appearance of Plasmodium vivax parasitaemia during 28-day follow-up to P. falciparum
cases after treatment with chloroquine and Fansidar in Vanuatu 1988-1991

Day of Pv appearance

Age-group No. of No. of Pv

Treatment (years) Examined Appearance 7 14 21 28
Fansidar* 04 42 14 (33.3%) 1 S 6 2
5-9 54 5(9.3%) 0 3 1 1

10-14 39 5(12.8%) 0 2 1 2

15< 37 0( 0.0%) 0 0 0 0

Total 172 24 (14.0%) 1 10 8 5

Chloroquine“ Total 153 1( 0.7%) 0 0 0 1

*Fansidar: pyrimethamine 75mg + sulfadoxine 1500mg on Day 0 as adult dose
TChloroquine: 600mg base on Day 0, 1, and 2 as adult dose

Table 5 In vivo response of Plasmodium vivax asexual parasites to chloroquine and pyrimethamine/sulfadoxine (Fansidar) by
age in Vanuatu 1988-1991

(a) Chloroquine: 600mg base on Day 0, 1, and 2 as adult dose

7-day test Extended test
Age Response* No. of Response*
group No. of R3/R2 examined _— Rl
(years) examined R3 R2 R1/S rate (%) R1/S Rl S rate (%)
04 32 0 1 31 3.1% 15 0 15 0.0%
5-9 49 0 0 49 0.0% 22 0 22 0.0%
10-14 20 0 0 20 0.0% 13 0 13 0.0%
215 1 0 0 1 0.0% 1 0 1 0.0%
Total 102 0 1 101 1.0% 51 0 51 0.0%
(b) Fansidar: pyrimethamine 75mg + sulfadoxine 1500mg on Day 0 as adult dose
7-day test Extended test
Age Response* No. of Response*
group No. of R3/R2 examined R1
(years) examined R3 R2 R1/S rate (%) R1/S R1 S rate (%)
04 26 0 3 23 11.5% 12 3 9 25.0%
5-9 23 1 3 19 17.4% 4 0 4 0.0%
10-14 8 1 0 7 12.5% 2 0 2 0.0%
215 1 0 0 1 0.0% 1 0 1 0.0%
Total 58 2 6 50 13.8% 19 3 16 15.8%

*Responses: As showed in Table 3.
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138D - 72, BIT extended test 1T - 7194 3 il A3
R1ZR L1, TOIBIITNTAFLUTTH » 70

E -3

BxBHER (£F 5, 1994) cBVWT, MAEED=
) THRITHEOREEOLBRICAIET 55X 7V OFF
toEmELT, =7 ) TON/KRB—KTRIEL, BT
LICREHRREL - TEY, BILZNPERNICETHT
3L, B~ S ) TRERORHNEHVEE TS
5l &, XEEOHRBTEC Y, BHE~S5 Y TEFD
S L - TEMENDE 5 ) THITOPDRER
e LTBT R, BNEEROERMKTICESE, IR
TYRBOTE=S ) 7TIERON0-4 F T2 AL
%, REBTRIEIMNELED B,

ERBRERROBEICBVWTIE, 0Fh51-2F
DB TRABYROAMEITE EA 0254 5h,
HEREERD SR H I T, BIIO~ 5 ) 7REEZ
332 EERLTVS, 0FicB) 2HRBITEBROE
M LB EHRAERBLTEY, ZHE<S ) 7HEGE
B> ) TEVBATH -7, —BICHEHORAYRI=
A#~ 5 ) 7 OB 2IREEEEZ TS LR
CRET 345, ZORR=ZA#<I ) 7TOERRIIARK
SN1-AFTRE LML 121, (5D ORBEENITE
BickoEicgbLTw EEZ 503 (Tablel),
FRZAHS ) TOEREHIL, E- &0 & LALEHE
HERIBTVWIE (875,199 2HETEZ B L,
ZH&#= S ) 7TOMBP~OHBIE, &k D bR
BA»LSOFRERERMLTVWE EBbN S, HEEATIR
KIRIE DGR EFH B HHERE VA, BHiohRics
WTRDBYOFERISEL TV S EHfRlEN 3, X4t
DEHB< S5 ) 7D Fansidar iGE% M HEL T
SREERME=A%#~5 ) 7T bHEIrOOFREEZ S
3% (Tabled),

0-2F¥DBHICIFhHEESGEVW=ZHH#<7 ) 7TH%E

KHLhic (Fig. Do —RICEZAR~S Y 7 dBFEH
<7 ) 7IHURERE®HREVWEEZ ST (WHO,
1990), EEBEH =5 ) TOEKRRDOAMBHRE &
NBETENEV, TOTLERERRBRUBRAILBVLTIR
Y EBbN Y, BiohEicBwTbELTED
DPEEENE S, e DBETII=A%~ 5 ) 7KL
HEfowE, FEOHMTRINGELVEEREDR
Ersoh, SUAMERCROERIC, ThHOEE
BEICBI A=A~ 5 ) 7TOEVWERERUOEREEDL
HHAREMERE L. (&8T5, REEF—4),

HEE<S Y 7IMKIER A 7200 ), 20HERR
BEMUC K P EMERBLTE D, 0 & 3EH
<7 ) TEEHOBEELREFHNEEHICEI-E AN
(&F 5, 1994), Mihic &k 2EHE~ S ) THRRDOR

DIdE®RTHD (Tablel), BRAIKB VT dRERG KL
B LI WEHERLTWSE, XZDZEiZ=5Y 7T
FATOHESBEDOHR TR >~ TREIFO ML -
Tw3EEbhis,

Itokawa et al. (1989) itz ~ b SicBIF BEEKT,
R~ 5 ) THBERADOFHBEDSV D RYDR
KRONZEHEL, ThoOFREIGRINNICKRES
T o RED R E e (Matsuoka et al., 1987), F~x
DNRTVICBY BBETIR, BEH~ 5 ) 7ERRHE
1315 LI TR IIBLT 2 b0, RFHEICHH
LTHED, A (&F5, 1994) THR~NAEHOBEICE
i ZEMRE TR SERE = NRIC LT,

Bridblboks>i<s) 7THERREFRLEL, B9
HIeE R oEHMERICEB T 3, <35 ) 7 HRBROEAMH
HOFBIT>VWTHE L1,

BB < 5 1) 7D chloroquine IZX9 % in vitro ®
B E5561 2, 16.4% Mt %2/~ L, EC50130.248
pmol/ ul1 T& -7 (Table2), T DFER% WHO
(1989) MEH LTV AMOT Y TREFED< S ) THR
fTEDF— 9 LB L TH 2, 1 Y FRYTIKBLTI
1986 F80 %1 difit #4: 3 35.0%, EC50:0.51pmol/ ul, %
A TI319844F 944 hit4£5%89.9%, EC50:1.270pmol/
ul, N b F ATI31982E585 chit t$R81.0%, EC50:
1.715pmol/ ul ThH -1, TODRRITA ¥ F Y FEBIC
BT BEEH~ S ) 7 chloroquine fit DRI (3,
1980FEAFTH TBEIZ1989/1990FED /XX TV £ D b3 B
PIZBHTH »1co CHICH LTHELCBRETH S 1 ~
Fx Y7 ORI, N7 VIKEW T EREBEED, X
B v Fx v 7 TII19814ED 519864 £ TEAE in vitro
DREMSHESN TV B, ZORERICKE LRI
ihpot,

invivo DBETIZ, 2L L THIKOEH~ S
) 7HEBIC chloroquine Mi#EABH L7245, EE LT
RIf#TH -7z (Table3), in vivo DEERIIHER L
T575 ) TREHOKEEZ Y 30 THUSM LK
BEITIZTEIRVD, X7y ER U ElEAEED Y
o€ YTl RIMESHED BETH S (G, 1993),
ZhCHLTA Y FYFH¥BTR, invivolcBWLWTH
1980FERM S B HICX T % R3/R2%2F & LTS
BTHEINTHB Y (Pinichpongse et al., 1982), B
BERFEFEOBIREIC B 2RI L E-& D LRI B,

1212 LR T VIT BT B in vivo DERERIOBE T
i3, S5FERMOTFEHITBLTIE R3/R2A515%, R14s
52% LMD RBRIERIrSEETH 72, 5 THRBT
BEBHEENRTHTH B, 5FLULETREREICLES
& B FERE DIRZLGSE DRI A chloroquine i D FH
ERIELTVWBEEL SN, invitro T A FRBED
RFOHEEZFTIVEEZ SN DD, 16% M, 31



RHBRIRE WD /35 — 13 5 FLIT Din vivo DFEER
WEM LT Wiz, Comeret al. (1968) o7
128\ T chloroquine Mt DFEEEFFIZ R I > W TIHE
BRE#ELTED, 2Rk 3 18I LB TG
Ao, I8BFUTTIR¥EDCHBOE 27, =5
) 7 OfLFEEICBWT, BEMORESEROERE
#erd 3 &icBAL TR, BMEERTS (Golenser et
al., 1978; Lwin et al., 1979), ADIEFIC 1) 2 EEK
Tb (Jeffery, 1956; Powell et al., 1972; Jensen et
al., 1982) W&ENH B, Hic, ChicEEDH 3KEF
iHitk (JgG) T < (Jensen, 1983), MEEEIEK
F (INF) »B5 LT aafEEdRKE s TV 3
(Haidaris et al., 1983; Wozencraft et al., 1984), 4
BlOFK 4~ DRERIZ, FED SIERIC & &73 D RELGHEED
gL EEick iy 3 REAOEFMMEORKE & OICE,
RELSERPELET 2HERK LTS

—gic, BRGERC I EMHERE VTS ) TRIEM
RN ) TLFEHEETE, RIMHERIEREN S
LEHIEZHDBHB (Peters, 1987)s LA L R3MmHHEE
EERUAMEEE-7o= 5 ) TICHBET 2 AHEH LB
ELTBY, BHHICHELBRECUDBEALERETHS
(Rieckmann, 1990),  ®#isis 5, chloroquine fif
HEEB< 5 ) 70X T Y OBMERICE T 2 HOM
B, SFUITOEERBICHBEEEZ %, HLAEA
BLU=5 ) TEERSTVERR - P ESIKEGNRT
v AR, RENEVEHSH, ThoDALICE->TR
EEE & R TR REL S RETH 5. EBICAEA
OREF TIHIBEAGHI B ERICAH SN B T & (Reeve,
personal communication), #— FEIFEFED/YR
7YABENENOHEEBICERY LARKICEE< T Y
7I2f8 VD chloroquine BgIMniEwa & (&F, KREXR
F—%) pEMUCBLTHRES N TV 5,

NRTVIZBITF B Fansidar 13, 1980FERPEEH» S
chloroquine Mt # < 5 ) 7icxt 4 5 5 2 BIRE
LLTEbh TV, L LELXOAERERICELD, 5
FUT B LURESENE Han 3 EFIIC3E—RIRE
ELTEHRT 5 &) B OREEHH1992FICSUES N
120 AEIOFEA D in vivo KB ZBETRERH#~< 5
) 7 DE%IC BT Fansidar iIBHEERBEVLERGE L
t2h5 (Table3), ¥10%DATIIEMARBRER Lo
H T Fansidar & X W E OHEH» H D
(Pinichpongse et al., 1982), BHEH TR/ YXX 7Y D
#E# <5 7 (3 Fansidar IX L TRIFICRIET %
LEZ o, UL, Mo¥EHHA100% 52008FH &
E< (WHO, 1984), F/AERHAICK L THROTV
Fansidar (Kaneko et al., 1989) 3, L{ffibt s &
SR CREASERAL T B S LGS TWVW5, ¥4 T
WS EAEAEE & N 249190 % DBEMUER ISR H - o
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» (Harinasuta et al., 1967), HE#ERIZ19805 1< 1355
% & FB:L (Pinichpongse et al., 1982), & 5121982
FITIZ100%Ic B W TR - 72 (Johnson et al.,
1982) L#iss i, TOFRICIIMTER|E Fansidar
DFERMBH -1 EEZ LN, NXTVICBLTHERED
WETH 5,

quinine & ¥ mefloquine ¥FE L7 ¥/ 73—
HicBTaiiws ) 7HT, REMELBEEEN S
(WHO, 1990), FA D/XX 7Y T®D invitro i<BIF 3
B TRESEEH~< 5 ) 7 mefloquine XXt L T3¢
NTHREZMAR L, quinine o3t LTid 1§l 0 & 3
#E/RL7 (Table2)o

quinine RE S b TEIBi~5 ) THILZH, <
DI A10- 1285 L FEF Wi L TR,
Tt OBMEIEFIC D p o1, BLISMIKBVTE
chloroquine MEBE~ 5 1 7 A% quinine IZX L T
bt A2 /R LY TW B (Chongsuphajaisiddhi
et al., 1981), % 1 TI319864E, in vitro T101#]d 3
BTt ZE R L7z (WHO, 1989), HEICBWT b#E
Fl quinine 3t~ 5 ) 7 I I AE EIREEL T
FEHICEESHINE DTV S, XEDOMH quinine &
chloroquine it ##H 2~ 5 Y 7 T Fansidar %%
15ip - 1A DH 3 BIRE L LTHEREI N TS, HL
IR (3EEE 7T HOBRSSHETH D ERMICE WV TH
Ehd B,

mefloquine 3/¥ X 7 VT B W TRIT AR EH
IhTwiswgs, #E#H~ S5 Y 7D Fansidar if#EH
IR SN BAZThICH > TR ZEEEZ ST
W3, ZOXERBIZI5DH33H LMD TRL, WHEAT
PTVEEZOND, 1BELSHERENTVE S A1
BWTIE, 19864ED in vitro TRILFIhiEERL 72
D1 - 725 (WHO, 1989), 19914EiC i3 in vivo
T11361059. 1% 1 Sh B A58 <, R3M20.9%EFE TV
7= (Fontanet et al., 1993), iz ¥ 1 « < EHEL
SbioME»nHd D (Nostenet al, 1991),
mefloquine MHEBE R~ 5 Y 7134 v F Y FERICE
WTHEICELIBREE B -TWwWE EBbN 5,

Peters (1987) (2 [chloroquine fit#t i3 Z @ P it
ORI 2 B SRR L 15 » TEH, FERTICE
NREFHCS ) TICOIEIEIEBHONTVS ]
LRRTEY, RIET=HE<S ) 7O RIEED
hotze LA L, Rieckmannet al. (1989) 3/°7
Fo=a—F¥=T7HokE L ELT chloroquine FFj
HIRZ#kEE L TV i bBb 59, =AM~ ) TER
% U7z 2 Bl A% L, B8 S DI4E chloroquine AL
BIMITEH - 1HHMEHBH & N, chloroquine ME=H
#es5)TEELIONN, THRASKERTNEHLL
PHEETH B, Tix D invivo TOBE T, WEZL D
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Lcnidl02flh 1 flosTchdy, =HE<F ) TR
chloroquine X L TIRIFRZHSBH B LEL NI
(Table5 ),

Fansidar BTtR=H#~< 5 Y 7K 2EAMBZ L
{, TOTLEMEOESH,SRKFILTELLNEN
X THBH (Peters, 1987), EBIC=H#<5Y) 7D
Fansidar (X4 3 RIS AN HE IR DV,
Doberstyn et al .(1979) &, % 1icHBW T Fansidar
DBEbLNED B TR =A8~ 5 ) 7 ORERNEH
ML &, XbAREREREDOH ZERD=H
#<35 1) 7 6HlIcB\WT, Fansidar RSV -
7243, chloroquine FEIRIHTICRI Wz EHE L TV 5B,
FAaxD=HB~<5Y 7D Fansidar i3 3 RILD in
vivo IZ B BEE T, 58%113.8% 4 R3/R2%&7R L
fehs, CORBRICEHBHITENLD» 12 (Tableb)o
FhBEE < 5 ) TRABEDIC, Fansidar #5& T
BU4BIC=A#~5 ) TOHEND > o, TOHBEEKRE
HFEHREEL, ZHRAR S ) TOEREERMLTE
v, FE,Lo>OEFEEEbLNIL, ZDHKIE chloro-
quine 5% TRIFIDHIC Lrd S50 1id - fo (Tab-
led) TNS5DOZ ERMP=AE~SY 7HHIT Fan-
sidar i & » THFIENTBW T & %2/RT, BT Fansi-
dar KRF»SO=H&~ 5 ) THREF T 20 5H
DIERD S BAREM DR S e hs, SHRORFADPMLE
Th b,

—RICREREROREL TRV 5 ) TIRERICE
VT, REEH O L CMRREORERERF T I
235 ) THOBRSBITON TV S, /XX 7V DEERE
BEORB0Y%ERRICMKFE G, TH 5 (Kaneko,
1994), CHREE-S ) TEHCAHADORPHBREOBIA
DOBRBRINBIHELELONDD, FIOERERH
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T, ZTOBOHRBRIESOFEHEICENTHERETH
%, T ZF T chloroquine I & » TINDHFETH -
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B#ducxt L T chloroquine & &% #EH L THET 3
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WEAIGRSE O Ao TB Y, MEKSEEEAHE S 0
WHEMT 2 EEL S50, RWERHOSHD S b, MttrkthBl
DEMPSSBEEITNEHTH B, ThiCHT 51> DR
RE R, FHcB VT OIMBREIC X 2 EZH 2 TE
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CETHY, BRKIKRUBERSEED S C ORI
57 7u—FrEEN5,

SEIOEAMHERBROMR & LIEFIZTNT, K&
KB 2EFMERAEICEL VEIR LI, Tho0BHH
13, —fkic2HRBRIFRMEC SHbSTRIFTH D,
FLRBELFIORERES ISV EHEL, KricBiF 3

BEDPOLOFREIY bBLIAETHEEEZ NI,
43 invivo 7 A+ & invitro w4 7 a7 R+ EHEH
LTHT» 120 B BEBAHIGRE 2 RO BIIER 2 X8R &
L, iBEOBIBIcB T 3ERNIES IR 2 EBHISHE
WMAB SN B, BL invivo 7 2 b ZEHicbh T 3:EH
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TIHOBVEEFEEREL S, ARV STV
® chloroquine fR#EY =¥ H T % Dill-Glazko FRi&
i, WEMHSTVELSYSHLEED (Verdier, 1985),
REIMEbOL TV, Boll, BREUSEL 71—V F
ICBEIGTE % 5 RERDIMF D chloroquine 2K 3 3
##: (Churchill, 1989) »sEFEh, FHicli<5 )7
#ZWiE: (Kawamoto and Billingsley, 1992; Wataya
etal.,1993) L& bic, ThoxREALIL7 4 —F
F A NBEBROBETH B, invitro T A M, HER
& L Fdibk R otk ic B9 2 A YER I E 2
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invivo ¥ A M EPFRLTITD TEMBEE LW, BHED
WHO (1987) Oh I 3ER K D %S, candle jar &
UG ERSROER, HEENEOHARE, BrmXoE
% BARBOEN 7 4+ — v FTEMET 5 EcHEifrIR
BEESE WV, X=HB <35 ) 7IcH$ 5% in vitro 7 X
FREZENTESY, ThoDmIcSEROBIMIHIER
HEEh 5,

Dk, EATFEDNX T VIZEBW TG E %
FoBER 2R & L TERAMBRREZTY, T 0k
BICOWTEE LI, <7 TREMIRO(LFHEEIC
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IR BES 9 5, B - TRBOFEAmME &4, &
FROERIC K > THES NI ERELEERT 2 LED
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h 3,
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ISLAND MALARIA CONTROL IN EASTERN MELANESIA:
2) AGE-SPECIFIC MANIFESTATION IN ISLANDERS OF DRUG RESISTANCE IN
PLASMODIUM FALCIPARUM AND PLASMODIUM VIVAX

AKIRA KANEKO", GEORGE K. TALEO? AND CHIHIRO SHIRAKAWA?Y

DDepartment of Parasitology, Hirosaki University School of Medicine, Aomori 036, Japan
YMalaria Section, Department of Health, Vanuatu
ISchool of Cultural Studies, the Graduate University for Advanced Studies

Vanuatu is located at the southeast perimeter of the malarious band extending from Southeast Asia to eastern
Melanesia. From 1988 to 1991 we conducted mass blood surveys in 33 areas of 11 islands in Vanuatu. We examined
a total of 11,590 islanders with overall parasite rate (PR) 13.5%. The positive cases consisted of 679 Plasmodium
falciparum (Pf), 847 P. vivax (Pv), 15 P. malariae (Pm), and 18 mixed infections. 165 of Pf cases had gametocytes. We
analysed age-specific PRs. PR sharply increased from O to 1-2 years for both Pf and Pv. For Pv, PR was the highest
(15.9%) in subjects aged 3—4 years, and then dramatically decreased by age. For Pf, PR stayed in the range of 5.6-8.6%
between age 1 and 19 years. As a result, a reversal of the Pf/Pv ratio was found at 1011 years. Pf gametocytes were
detected inall age groups but its PR was higher in subjects aged 1-14 years than in those more than 15 years. High parasite
density cases (>12,800 parasites/pl of blood) were mainly observed in children. In those cases Pv was predominant in
subjects aged less than 2 years.

For selected positive cases of the above surveys, we carried out drug resistance tests using the modified WHO
methods. /n vitroresponse of Pf to chloroquine was observed in 55 cases with 9 resistance and 17 borderline cases; EC50,
EC90 and EC99 (the drug concentrations producing 50%, 90%, or 99% inhibition of schizont maturation, respectively)
was 0.248, 0.930 and 2.732 pmol/ul of blood. That to mefloquine was observed in 25 cases with no resistance and that
to quinine in 36 cases with one resistance case. /n vivo response of Pf to chloroquine (600mg base on Day 0, 1 and 2
as adult dose: CHL) was observed in 153 cases with 2 R3, 5 R2 and 36 R1. The appearance rate of R2/R3 in subjects
aged 04 years (15.2%) was significantly higher than that in more than 5 years (1.7%): p<0.01. The appearance rate of
R1 in the former (51.9%) was also significantly higher than that in the latter (21.2%): p<0.01. In vivo response of Pf to
Fansidar (pyrimethamine 75mg + sulfadoxine 1,500mg on Day 0 as adult dose: PYR/SDX) was observed in 172 cases
withnoR3,5R2and 4 R1. During the follow-up to these Pf cases, Pv parasitaemia appeared in 24 cases after PYR/SDX
administration, but in only 1 case after CHL. The appearance rate of Pv after PYR/SDX was the highest (33.3%) in
subjects aged 0—4 years and 0.0% in those more than 15 years. /n vivo response of Pv to CHL was observed in 102 cases
with only one R2. That to PYR/SDX was observed in 58 cases with 2 R3, 6 R2 and 3 R1 without significant differences
between age-groups.

In the chemotherapy of residents in malaria-endemic areas, the formation of premunition by age suppresses the
clinical manifestation of drug resistance, therefore it is necessary to consider not only the drug resistance in the parasites

but also the disease prevalence by age in the hosts.





