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T2 F BB EYE

pii

19994 5 A 10H32A4/19994F 5 A17H =2

B

7 v 78 (LUF DEN EREED) 13,  Clziitticlai &
FAEL T L HEES N DY, 2014010 A © T2 DFEDS
HARBGFRE TR LTz, R, S RIFRARET, 20FE
WBO—DOTh-oeEET V7, PRFEMX THRE#IR
Vv, HARRMS 2 ORE 22T, BEMICASLKETE
L, S%BRBIH LY, B, ARIZ—
Y OEA %R LT b, F D1£1960-1970FEALIGE gD
L 2RI UO, $H, #t+H, Fcdaasblbog
FEERHTHIT (RS X 3) SR THTIZR Y, #
oM zBEL EEEZNE, FROSHRDBELK
m1ﬁkﬁ?6%A?6bDﬁ%t%ﬁ%n1m%(Ha
stead, 1988; Monath, 1994),

DEN OJEE&ES Y A VA TH S Z kit Ashburn  and
Craig (1907) i2 X VEEHA S h, %72, Aedes KRBT 21
FoTHEMENEI LI, HLOWEBICL > THEESN
7z (Hotta, 1969; Schlesinger, 1977), fit> T, AFHIED
EEPENNOBER Y 7 F OB H D L3, 1T

HWHES > TLw, FIER» DO TRLEEND OHEE
BFERER2IND, BEDOL ZAER LK E RREI
EELTWwWS, ZOMEMEE, ZRFOLEHOER X, &
REQNZ R OB E b o3 4k, BEERE2D
ERITBNDBDHEPSTH S, HAFOBADAHIZL >
TEMOBERE RT3 Z LIk, RHE2ET HH58E

23407 {7z v (Gubler, 1993), 727201, BHAIZRALIAE
¥7z mesh net ZEEOFOREBICES HiEd, BN tEE
FHThbEFEEINTWS (Igarashi, 1997),

—7, ¥i DEN 7 7 F Y EF ORI, 7 A4 NV ARHEZD
FEE D, HBIRE > SHRsh, BIcRWEES
BTWw3, V7708, ARHECHERTROFERDO—
DTHBH I LiTiE, HigEbERN L, ZRCHreb
53, BRORAIMHRFEREANDEFECILE>THBY,
MeizERIcEMEE L Resnd v 7 Fr0ERbX
ERER I THEREY, LaL, IROSHIFHEI2 2
ZEIohTEL, HELRKRTOSNTWE, KHEXT
X, 2OBBEELOMZ ST, THESROFEI DT
e & BS, iz - TiE, BLORFFRER DM,

Review: Antidengue Vaccine: Retrospect and Prospect

Susumu HOTTA, M.D., Vice President, Japan WHO Assosiation;

Emeritus Professor, Kobe University
567-0891 FATHAE1-7-1

B 2 THEOWERDOFFRER 2 b EN
Pils Z x BEAT,

B, ERAPIET 2 4 VA (LT DENV
LRERD) DU ARESKIIL, DWW THENEC LD Y
ANVARERDARELE R, V7 F UL H L WEEI
AoTze & BREATEMERLHFHEZDES ML - T,
SHEES T2, k> TUTFY 7 F o HROBEER, (A)
[RERET] & (B) TR B & ONK#E | o RFElIc KA L
THLBZEWT B, 21, VZF2RZIEZ, (1)EFEVA
NARRENEC LI BV 257> ] &, (IDEHFLZWL
%ﬂmbt74wxﬁu;ériv7%/Jszﬁﬁﬁ
HHIERXFBMOBOTHY, ZlK;n‘ﬁ)i‘(*%) DRIFIZ]
f%%%@bé

L, —DDKERTRN

(A) [B=%kitFRKEAT] DR

1. &7 2F] OWE

HREI N T AV AEMZ, B0 BEME, By
N OWEER (P DENV @SS % 2 b id, HBEHREH»
SEHIS LT Wz, Blance ef al., 1929a), 3 & OREurfAs
THolzo WINd, EETVANVAEEETLEEZ SN
3L5DTH5,

A.l.a, [BA72F~]

DEN v 7 # > D AE#E A B3 2 R B O FMam
X, 3% 5 < Blanc and Caminopetros (1929b, 1930) @
FNTHh3H, #ioik, AAABREIME® Y ¥ ORH TR
BLEZbDE, V7F>eLTRHW:, FHERIZBWT,
JH g & DREHEE2 1 115 EHEET7T%) &35
&, 7ANAEE (AMEBREM) ERekckbnid, B
BHEE21 120 BEHEES %) £33, VA NVRER
PO LBEL, $REO—HISY 7 7 EHERIC L - T
BEICREL, ZORBIESHT, AMERICET 1
15V 7Fy] 25z, EYZEHEEENT 1 120927 F
Y] 2525k, BREBCEFEZERZEILORVT,
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Lo bEWEE (BB YA VAT 2R 24
LI LB2 7,

A.l.b. TRM75F>] BLU [HHETZF ]

Simmons ef al.(1931) 1%, 7 4 VBT [EHR
7 273> ] (desiccated blood vaccine) & [I&Y 27 > |
(mosquito vaccine) % #4 7z,

BRIY 7 F 2k, BRMBEINE LY I AENICHL,
IFCITHE, RESY, —~EHERcEEEEATHERL
TebDTH B, BRUCNAERBYM: % Ko 7o #K0.5ml B
L1.0m! ZHRECESL, 8w LISHBICERFI S
boTHEL, LL, 2EEMMICHEL, £V 27 F
Ik L HEE NI,

WET 7F 203, TEROTELER I NIz, I (Aedes
aegypti) WCEEERIK S, —FERREADE, 74V AW
RAEIEL - L Bbh 25Uk 2 £, AtEA% N EHE,
T2/ —=NVEFRNVTY URIIZ TSR RIEE DB, EibL
TLEZL 2, BEKEZ > CHBEZER, 72/ -1k
TV ORKBER®ZNZTI0.4%B L 100.1% L L,
V7F1Iml Bz D50 DORS 2 & & o o FHEx
Nice V27 F D1 EES, 2EES (82w ULI10HE
B, 3EESH (9% LI2EME) o/ v—7, %72, B
WY 7 F v gEIRINY 7 F U8 (MEORRRII0E) ©
ITN—T%BI (&R, Y27+ 1ml, ETHEE), L
L, HRADLFIcBWT, BEVAVADKEIINT 355
ek < Bvond, EYLHEI NI,

HLRAZ, BEF 7R LT MKV 75 &, [
TR UIFV] BERAONIZEND B, BIEE, BE
M %58°C, 03B L 1z b D, $8BEIX, VryF 7RG
VI IDBABFEBEBELTAREL, sAr<) Y FRELL
725 DTH5B, wihd, NMEZBREPHEEE52 22 &
ZEBRCHEL O 1218, EBBACERLTENThH -
TeEEFRIN TV, @RI, Oy F— BRI LT
(=925 v] (BES=DIHFNT, A<V V2L
TAREELIZ D) bEMThHolz w3 HENH 3
(Weigl, 1920; Manson-Bahr, 1935, 1964)

WY 7y F7EBICHL TIE, BMCEINNEENTHR
BLEV S F 7o oERIL - NELY 7 F o BERLS
nNTEY, ¥Y73h20EF=U7F 0L, €<8FED
bDrol, UL, BEMED L VRENTHEEHY S
RMETE2T7F LI RBOFES S22 L1, FE
RS 2EEKEEbh 3,

A.l.c, A7 27
St. John and Holt (1931) i3, [¥ V72 %> | 0%

REFANI, BEMKB 2 EEI N TR L1250 (Macacus
philippinensis) OFF #HREL, FOAFZ KL= ¥ &2

ZACTVANABRE L, LBL, 2 AEEBWT
S RBREPHEEZRE RV EVIBERIZRD, Z20B0O%K
HiEmEE ATV S,

Al [&99F>~] OWE

R, MEVOEEKEZEZ2HENO: DI, (1) SER
FETOMRBER, H2511302) BEHEOBE L3 FE
EBNTWE, ZORFEICL ST, HiDEN &7 7 F > %1
BMLLS LT aRABLEINT,

A.Il.a,

Cleland et al. (1919) 1%, BEMEEEE  ICENL,
FIELTHBEOME 2 E S5 ROBEACERT 2 E01S
[t br—t MER]2To%. LL, YA VADBEHIE
fLRRoNT, 77 F U HRENLIR Lo, 014,
BRI, #H, SH (1943) BEEORL %
L7223, ZDK#EIxCleland DZ#FNic B 2L 25135k
moilz,

A.Il. b,

Siler et al. (1926) X, LEROFEEZPRRELT, [t
bol— b MBOER ]| 2T, ThickoTh A
WVADBHZECIZZRD Shigho iz,

A.ll.c,

Simmons et al. (1931) %, [—B0EE | OEBR AT
72o BEMBEERIH%T7 AU LEE2EEI VT, B
N&EFTEUTz Ae. aegypti % BIE, B A %ZME CAE &
L, INEROBUZK S THEBEI®Z, »LJ1CLT,
JEREGEBD 7 A NV ABRE” 2, LHL, ZOTAILRY
ZFORPNCEAR R o T, 2L, #BoDE&KIC L
X, BOEEY A VA TR L - BEORERIE, @O RY
DIER & D BBEDRIH -7, METHIE, —BoA4n
ABIOBWEHE L A% LB ERABED >hi, LLLZED
BIOBEOERERTLT, V7S UoBoEE» B
ZERREIN TR,

A.Il.d,
Holt & 2 DI[FEFIFEE (1931a,b) &, HELBUZX

MDDV MRE2ESL-BICE  2FKR S0, #
DRPH L EEZED OB e BE L2,



#1

399

[BREFREH] kST 7 - 77 F UHROZ LD

(1) EEEM RV (5872 F ] OMRHERER

E YR o FHm A RREBAER X Bk

RYADE=Ei3
1 EHA R IS t b ERE + Blanc and Caminopetros
v & HHALER (1929b, 1930)
BEBREMTE t b - Simmons et al. (1931)
gk
B AHLA b b - Simmons et al. (1931)
T x /e R ) LR
By VEFELA b Mg — St. John and Holt (1931)

R L

(1) ## (Bv L5H) REHRESDOHAA

FHik A EHFEbEoww X M

t bk hfE t b EE - Cleland et al. (1919)
- W, &HH (1943)

E h—iX— b b -BGER t M - Siler et al. (1926)

LV VT t h#EE - Simmons et al. (1931)

B O X E 72 I EAMRIEE b N EE

- Holt et al. (1931a, b)

ZZWRRBA LRI, TRTCABEEERICE W
bOTHS, k7, HEMEFKEENE VAV ADHER
R, BELERICISATHEY, BROYANVAEISR
niE, TREREBRILWHLEL BTV HAINT W, L
L, ELEER T ESZE, LFLLZES LIX
WrEHKTWTHS S, [I27F ] LA, [EV7F
vl weLs, fArEkb0EEE%ES L TERLE
ADETX, BELE—DODEZED LB O o7 F
ZHENRETH S, :

Me— [HHV 75~ 2, HEFTOBEREE D Tw 5,
Zhid, BT AGETVANVARHAWIEERIIBNTY,
HLEEOEENED Sz (B,

BLleAIZ, ZOWRREBRCENZAACER L, H
HRIEBEBREER 2B 3 50T, BEEEYE O DENV
WRIZTEREZBRE L &S L WO FEREI NI DTH 5,
ZOER, =+ 1rx—F5 )V (Hotta and Evans, 1956¢),
deoxycholate (Theiler, 1957), YU ,¥—¥ (Takehara and
Hotta, 1961) 23, ¥ s DENV O 2Eb¥E 3 2
EREHSMICE o, EED Z L, HERME (JE), #HH
(YF) % ¥ D Flavivirus, o7 LT 4 VA (Al-
phavivus) 1 DOWT LY S5tz (Takehara and Hotta
1961), & 12, ¥P T7~ v &’ DENV 243 ET 5 2 &
ZED, VANVARTEREDELET 5 2 L PHEEICIEH
XNtz (Stevens and Schlesinger, 1965), < DEE, BB
SEIZE VAT B3P EIX T A )V R OFRIMEREEENM 2
L, AVAZ P THBIEBRENTWS, £72 JEV A
Y-V END b, ZOHFEE (PUKELERE) 23555
T5Z EbE s (fE M, 1961), T DHDREE, V7
F BT L S BYIOBIRER D S idsnzhs, v ANV

DOEBEED—IHEMBIET 2 2 L 12D -72 b DT,
WEEhERHLZZEEEbNT,

B RKMET| D DEN 7 7 F VKRR 2 2 L O TH
2, EloZklwkixs,

(B) lEZRERKEHELIVURER] OFRE

ZRAEGIC DENV O~= 7 A ~DBREHBHEIIL, D
WIS ERIC L B VA NABEENEREINDOT, V7
F ORI LU A -T2,

B.1. [%EVsF ] OWR
B.1.a. [HKr=wYr -90F ]

DENV 28~ 7 A & > TS T o O~ B
FH, 1943, 1944a), Eb 7 7 F  OWESHIBES I, %
T, A=Y VT I F UNEA S NI (ORN, JEH, 1944b,
c; ¥EH, 1947a; Hotta, 1954),

AN AFER (B~ A0 Tyrode ERIN10%H,
#%, 3,000 rpm, 10535200 EE) I, sv=) > %20.4%
BLU0.2%0ENCMZ TIANVAETRELLIzo= T AU
2F[04% 7 7F ], OLHBIZ[0.2%V7F] %
FhFh0.1ml ZEE TFESL, F2EEHOI0HRI, B
EVANVADOKMANESIC X D HEET- Tz, &5 BEH
WBWT, V7 F BT Y A, Wy AR,
BEOELERDET, 3 (EFHM) oZEEE2RL, Z
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DYV 7 F VIZBRH LB TH B L HEEI NI,

CORRBAEICERE N (0.4% 727 F >, 0.2%7
7 F»3#120.5ml & ERNES), L L, #iaE ofikiEs
BHR D TSI T, BRI BHRELS 2 5 & I3 BIE
FEzohkdrol, $bb, FEROKBICLZRY, =
DI 7FVE2TATREHNTH o720, & NTCIRESTC
otz EHIE S LIz,

InEEFe <M, 7 AU A Sabin i, v A
FEic X D DENV 258U, ZONTA YA VAL 2
BV Y e D7 F 0 ARIZERA TP, RBHEREIX
Bonnrofz L& L7 (Sabin and Schlesinger, 1945;
Sabin, 1948, 1950, 1952, 1955),

HEIBTTR b MNEDOEBEOA—F ORI, BHS
DTRV, FX/ONDIAMREMR L LT, EEEYRORE
RIGDERBH 20 N5 v, L, tel 2,
BEVI7FUDBNERICEZEEZZ20BYTlIkd
53, £ MEEZONLTREOMENYRE CHEEL)
B, STVAREZONIZFNE D QBB o2l 0,
FRINTRFEOBRELE» -7 LSBT 2 2 L 2508 T
b2, FHZNE, BOBEREOHERS 2 &g,
EMECBOTHRGRBEVEILT B TH 25 LfEESh
T2o £oT, BHEINIPUEME 2BV EERD, FHre
HKashiz,

Fujita et al. (1976) 1, B~ 7 AMAF 2 HEe 0¥
I HLERER, FEREEEEAEGEC (100,000 ¢/90 min) 2 & -
THE SN FE B ORIMEREEEEE % H + % component %3
TEEINTY, ZBYHFBIUPIALIZBWLT (EIRN
EFC & 2), MEELS (BB X URMBREEE) 2 b
7e63ZEBRLE,

Mori et al. (1986) 13, B~ 7 AWAFEZHB 7 sy
SUHE, RV =Y UREL, WEMERLE, 59,000 ¢/6 hr
EOLOBRIFICL > THRBENI YA VRS, =2 RICBIF
BRHAEERRT I EERLE (V7 F U FROFES &
URRHEDOREREZ X, TRTCHETOIJETVIZF>D%Fh
STV 3) %51k, DENV O 4 O MER DR FHkk %
v T, 1ffi (monovalent), 2 ffi (bivalent), 3 ff
(trivalent), 3 X 0f, 41 (tetravalent) @V 7 F > %{E
D, BOBOIZDWTEEY A VAT 2 RKiEEEEN
CHBBE L T\w»w3,

IN6DTNV—7DVFRIZBWTY, & MNIBIT LR
REFEZR TS TR WY, BB 2HE
EEEDIRE, b2 IXRBRHEEDOFR, X JE 7 2+
YOEBERZIREPOEHL T, BOBOD [727F>] 1k
EMNCBWTY, HYEEORR2FAET2THAI T &
BRBENT, HiDEN [T 77> | b, HixsdsIEER
BREROAETTRECREDS S LEL SN2,

B.I.b., [BA75F ]

=) T 75 OHBOERICHTL T, [JHHEY

7F ] OMRBRE S N KN, $EH, 1944b, c; 38
H, 1947a; Hotta, 1954) , Blanc and Caminopetros (1929b,
1930) OFEBICHEL T, vV AR A VX %Y Y EHT
MELI[1 115V 27F>] £ [1:2092F > »3Es
SN, EMEEIENT (15279, BE2E108%)
WZI1:2092F>] 2FnEN0.5ml Z8FENES L7,
52 EES O 3-6 8%, BRE DMLY 4 L X BRI
OSBRI LU 72, ZOBAICEE Y A4 VR (BRI BE M)
ZRNEST 5 &, BYEBHEBIRSED dhiz, TR7bb,
MW7 7 52 JRAMEIC—EEDFHREE 5 2 2 & HE
STz, 12RL, FRBAO—AW [V2F2] 200D
HHRERIC, BE 225 DEN BER2HKLZ0OT, 2hids
6L, VANADTEBTREST, BELLEEY A
WA E ST, BERVERIEN1-OTEE»S S5
EHEE S NIz,

COBFEICBEL, RO XD RBHENTEETH 20 bR
B, EHOERIC & »> TRESRFELENT, Bl
POREOEE (AMREEHE) 2GELTWB L3574
WAD, T7F e LTHESTHo-DTII R W, S
Bz, EROFEOMBHIREIZH B4 VAR, &
BMEERE L IO TRBRBHE WD EEBARETH - 72,
[EHY 7 F > LT, DBERRERI S Tnk
Vi,
RYMEETVANA R (389 75> | EORE
i, R2WEEHoN3,

B.Il. [£7F>] OWE
B.II. a,

DENV %~ v ZARWNEREIC X b EE#RA L Twv 2 /i,
—HEOERERBBONIz, ZOTVANAEEEDE FEE
ANl (RNELEETES) 758, B¥EERES
CELRWT, ZOBIHOIRENKRII LTz, ZDHER,
BARR 2 PUAREE L (WP, FRIMBREEEME], MRS, BX
VBB Y A N ADKBIIHT 2BPPHH & L TRE N2,
Thbb, [EV7F 2 LTHY SN2 AR EREE S
NizoTh3,

FBRMHRAM P, BERL7 AV 4 CHRER R
BB B Sl ORK, S8, 1944d; J8H, 1947D,
¢, Hotta, 1952, 1969; Sabin and Schlesinger, 1945; Sabin,
1948, 1950, 1952, 1955; Schlesinger, 1977), &= % HLAIf) 5>
DEBOLZVEEE L6 LA VAR, BROER
THBESNI-E AR (Mochizuki strain) &, /N7 A THE
H & #L7zN7 4 Bk (Hawaiian strain) T 3, BIEDHE
ZEhiE, winhd 1BZET 5, % D% Schlesinger ef
al. (1956) X, =2 —F=7 THEESNZ 28 4 LR »
Za—FZTHROY T A@ERICL 5T, FAELEETREE
ERINL LTz,

I o Dpgelk, MHIb - IXoEBRENTIR & L7z A%
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Mg REFRET S L KRB R aNRT V7727 F RO E LD

v AREBE Y A VAR BRWT [E7 7 F ] ORRFEERER

bt & e ik R X W
By~ A RELFE <A (C) + Ak, HEHE (1944b)
Re ) UREL bk (S) —  AH, #EH (1944c);
JEA (1947a); Hotta (1954)
B~ 7 ARFLF <7 A (C) — AN, ¥EHE (1944b)
v ¥ A EL E+ (C) +@ K, JEH (1944c);
YEH (1947a); Hotta (1954)
B~ 7 A AL Ebh (C) —  Sabin and Schlesinger (1945)
Rv=e Y rREL
e v AGHLE H+v (S) +  Fujita et al. (1976)
FERE R B SRR L5y 1 ,
Bge~ 7 ARELA <X (S) +  Mori et al. (1986)
R Y REL
T R AL
R DI

(35)(1) C (Challenge): #EFE 7 A )V A OBE X3 % BREEBHH,

S (Serology): $L7 v 7 HilkDES,

(2 WREDS b, 77 F EBEBRCBEORBE S LfIBh ol Bitic L 57
A W ADTRERD, TRERTD TR >l EHEE STz,

DEBEERRD TITohIZM, Z0%, BHATOICH b
A5 iz, Wisseman & E[EHFFEH 1 Sabin-Schlesinger
DN A Bk & HFEL TH LW lkk (MD-1e &g i)
BEL, Zi® Puerto Rico T® DEN FfT (1963) &
BUERCEEL- L 23, RITREBMICKEI TS
B3dh -7z Lk U (Wisseman ef al., 1963; Wisseman,
1966; Bellanti ef al., 1966), BbEdH % Z L1k, D Puerto
Rico DHEITTIR IBY A VABEREZE L2 D728 (Bl
RENTEZFEELSHE), 25 Tho% o1, 18T
A RERD T 7 F o B IBOFTATICDENTH 272 FEZ
SN2bIFTHss ZDEIE, DENV 0EHMEORER
IR RS ZREBROMEE 26T, EHIKER
BT 20BN S5,

B.II. b.

DENV 23 in vitro DRSEMI CHEIETREE WS Z L8
HBH L 72D (Hotta and Evans, 1956a, b; Hotta, 1959),
HEEE SN YA NVAEZAVTD £y 7F 2] OFEE
DB I NIz, EREERII Y ARAAIC 5RT, T
MYIRAESHREBIZE WS &, £7-DENV B3 3R,
R L B MAF D, FNRFROEMAEE LD Y
ANABECRERERENLDIERED S, HEEY
TFUBEDVENTHWSE I EEZBELNTH S,

Bric~w A@Biz k>t MEFBLLIZEAKR YA VA
EEMEL, LB, NARY B, A XBREDEED
BYuEEE oML S - (Hotta, 1957; Hotta et al., 1966;

Fujita et al., 1969, 1972), fFEwe LT, BEEI WV AV
2 &L ERERSFEFELTBY, VX, L, B
PIBOTREFRFEEELZ DL, HDVIE, BEEEA
HEhRE S 272, ZOFE, BE#V 25 (1D LD
combined immunization b H[RETH o7z, &7z, V27 F ¥
PEEINYVOBBEES TEEL, FOREERPK
HIRS PR D &, fF, B, B, VI otURe S0
BRI TREERToTWA I BRSO, Ih
SO, VB~ ru7y —VROMEEERC
BHoTwa I BndonTsY, Bs < FnsDiifasdi
BELCEFELTESE LD THS S LEES W, EF
B A VA D, REEMERIC L > TENEZEET 205
PIZOWVTE, —EHHEOBRZET SR, ZoRnix
TSN BoT, o THEANES W &HB(LDENV
PEY7FUMBIE UTHERAT 2 C 2, RRIWCRSE
HRTHS EHES NI,

ZOEBEEETD [V 7F ] BROKER, £312F
rdohs,

(C) HMEEEBERICLITEXRVINLABEEBOEA
C.a.
EFRoMsRE, <7 AEBICE > TE MRS RZESRL
LEERBEYANVAEZRAWE DO TH> T, ZHIIHRL,

<A —BEEI N, ZOMRED B R <,
t NCRBEEEEBEET A2V A VA S, HilEEEER
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WEoTIVIFER T 7 F o B2B LD LT 3R40808 X
Niz, ZDEHMNE, <7 ARGEE & > THELE 2 #HE
# (neurovirulence) DfEERM:, B X UEA, H 5wtk
HDOTANADEKADRENE, AJRHBRELL> ET 32
EXhHbH,

C.a.l,

Beasley et al. (1960, 1964) i, 2 & Trinidad 1751k
VA NA % KBRS R AR T2 LiIcL- T, 5
BEHRCOBBERIIAETH 2 Chrb 6T, v v A
THREENPEHCET LA L 288 L, L»L, 2
NEVZ7FELTHOWEERBREINTWLER N,

C.a.z

Price et al. (1973a,b;1974) ¥, 28— —F =7 CH
VANA%E, T7YHIFYFVEMBEEERS S CES
LERBEEB, ZOtkE, IH7 I Y4 L ADMEKE
(17D #E\T 7 F %D 2 i3 Langat E5 #k) & 2 4E
b¥ T, HEEREMNE (sequential immunization proce-
dure) 29 &, BRBEEFLRENENEOSND L]
EL7. EBREME LTI, @DV, Thbb spider
monkey (Afeles geoffrovi), squirrel monkey (Saimiri
sciureus), cynomolgus monkey (M. philippinensis), rhe-

sus monkey (M. mulatta), >N V=2 EBHBLR
72

C.a.s.

Tarr and Lubiniecki (1975, 1976) %, 2 & TH-36#
TANADPOHFEL T, FIRNALRY —BHifaREEC LY,
B (temperature-sensitivity; ts) 2388 ¢ L TZE
BEYEEREIRL 72, ZOBRBEKRY AV HERT, w72
BHBNEFNLAY —TORNBILEDET, rhesus mon-
key TO 7 A WV AME (viremia) OEEERKL, LrdH
WHRD TRIFETEEERE L. bEA, IO
ZBWTIE, EAMEREEOR#ERK IC5-azacytidine 231
hmEh, EEEORESERENT WS,

C.b.

EEOMRTIE, ZOHEFEMEHILTRY < ANEE
ERITVANATHoT, oT, v 7 ABBHARKDOS
Db, HREREORFACLME Y A NV AKADT
BEMEIR, AW TR VLI LW BRPED B, Lo,
BEMME» S HFEL TSR CERGEL T, EEKkY
ANVRAERE D LT 3HENTONT,

£3 [BRMAREBFB LRG| CRENLHT V7 - 92 F RO LD

(I1) : £9 2 F > O

~ U ARGEBERELLY A VAR LU OBIERGEEVANAERWRIETY 7 5> |OShHEHE

EER
pop TANVAD FHETTE L RO X [
pidl
Be= 7 AfELA 1 ErC(+), S(+) ARi, HEHE (1944d)
YEE (1947, ¢)
Hotta (1952, 1969)
B~ A fgLAl 1 t bC(+), S(+) Sabin and Schlesinger (1945)
Sabin (1950, 1952, 1955)
2 t S (+) Schlesinger et al. (1956)@
B~ v A RELAEl 1 tE MF(+) Wisseman et al. (1963)
Wisseman (1966)
Bellanti et al. (1966)
Cuilliabecd 20 1 <7 ZAC(+) Hotta (1957)
Y v (Macacus mulatta P S (+) Hotta et al. (1966)
%7213 M. fuscatus) EhS(+)
B EE
MRS 1 E RS (+) Fujita et al. (1969, 1972)®

v (M. mulatta) & %
7o ik A X B E

(1) C (Challenge) : 88&F 7 4 W A DINEE 23T 2 BRLP5H,
S (Serology) : #i7 v 7 HifkDEE (b, FRMBREEMEITIE),

F (Field) : B4 e B WO AT 2104,
(2) 17D #HET 7 F > L DRSS TREF 2 ST,



C.b.1.

Walter Reed B2 [ %4 52Fk, CDC, N7 4 K%, AV —
SYRKE, 207 R REREEEZEDRT AV N <7
N—7E, FEOBICR - LR ED T (Eckels
et al., 1976, 1980, 1984; Scott et al., 1980, 1983; Bancroft
et al., 1982a, b, 1984; Miller et al., 1982; Halstead et al.,
1981, 1984a-d; Innis et al., 1988; Marchette et al., 1990;
Hoke et al., 1990; Schoepp et al., 1991; Edelman et al.,
1994) ,

BEEMEE LT, 77V I RYELE, E-SR
B OFREERE, rhesus monkey B EIHIEE (diploid #8) %
ERAVL N, ZhicBEMBEHLERES N, MRER
T, EREEYANVAERICS > Tl ts, NETT
2k (small plaque formation) (Innis ef al., 1988) %
FEhe—p—t L, ZOMIZ, & MEERERICBITS
WHED WA (Halstead et al., 1981), SV ICBIT 3
50%BLeffi (IDso) DA, KU% D viremia HIROF K
(Innis et al., 1988), AL (Ae. aegypti) BT DIEIAE
OBEE (Miller ef al., 1982), T EBEFICE NI,

BIRIIZIZE PSR T, DENIEREROFE,
HEEDREBITFS NI, 1z, BBITDYIZ7F LD
BA4E (combined immunization) dHERA STz,
wEER, BEELPESOEEBEERATH 2, T
DERICBWT, IR REESEELEE, —EERA
RE2EHEAL T3,

bR - —#lE L L R SN DEREKY A VA,
W ohEsN, IThERHREICERE (0BG, K
THE) LTasE, Wb REFRHAEE2VSES
L7ze ZDHA, DEN - BEHEFHREREOTRELE D,
DEN B GEHOZN L) bEN TV S Z EEEHE R
2o ZhIE, BIRO Price ef al. OFHE (C.a.2.0IEER)
LEE—ICTELDTHA D,

LL, #REBNT [V 79 ] HERCBETIE
b 548, DENER (RE, 2, gmkepdE) 2H%T 2
LOLPBREIN, BERVANVABRKE, Ihix~vTv A
wIRLERE| +5% 8, HBRNESCEEANDER (rever-
sion) R LB H o7,

IDE3E, RBRRONEZMERBSEI Do TR
25, WFROBEREZD b DX, BWEDT A VAENPSHT
WU TES TOEVDT, X5ICRIZED T, RINcE
ETHIEEREEAIY,

C.b.2,

% 4 E ™ Natth Bhamarapravati ® 7 Vv —71%, 7 A Y
B e IN—TDO—IROBNEH/ T, Lt RROFRICE
TSOBTEREY A VADERERAT, HElCET 7
VA I RYFALE, HiniEA XBOYREENAV 1,
TEMEIROTE~—»— & LT ts & small plaque % ¥
BL, #ofuz, v AMREERDET, ¥V viremia O
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W P REELRMEL LTWS,DENV O 4 EOMmMBER D
TRTRODWTCERAKEERL, 4fliv 27 F >~
(tetravalent vaccine) DOfEE%Z B L T2 (Yoksan et
al., 1986; Bhamarapravati ef al., 1987, Bhamarapravati
and Yoksan, 1989, 1990; Yoksan and Bhamarapravati,
1990; Bhamarapravati and Yoksan, 1993; Vaughn et al.,
1996) ,

ZDBECDH, BEEREBEEI N HERE C, BELRY
& R, AMBRRAER £ O DEN IERVEE I hiz, L
LS X, ZOBREOBWEREKREFELES b D (tol-
erable) ¥ HiL, [V F ] R LB R KRIEIC
W okhwEEFRLTWS, TOMHIIL->T, §14BF
OFADTIZ iy A O/NRICE Z, 3HAE Phase I8
L Phase IIOEBEBED SN ODOHLHATH S, BHATDH
FHTER, »OEETH L LELORKIREmICIE, L
o RFERRTLERDHLTHS I,

iz AR TR & ARG Y A NV AEBOR
AlX, R4l evpohsd,

DEN 7 2 F R DOERD/IME

LI EDEN v 7 F v ifofinkgz, 20 ECiioT
B L7, 2D X 512, DEN 727 F > iddi D BWIHED
BEE2ETHIChboT, BERBERMORE I
FBo T, YA NVAEBOY 7 F o0 TIE, BE
PHERBY 7 F DT L EBENLRRCE &FHNT, B
W OBOEMFINRENT WS, BICHE R FAE
BEZBWT, RV, RS, BBEREDEY 7 F 2 oiti
B TERLIhTBY, BV Z7FELTH, BE
BF&, BARKZICHT 5 2 S EERA 2 71l 2 5 CE A
FBLEED DDOH2, ZDEIWCRTL %L, DEN OFAT
BHRICIEALD2H 2B RIcbrbET, VI7F¥
BEEBEROBICELEZVWI X, REBESEEI EDL
B, I4ETORABFLERFRLOONED, ZOD%
Bicid, ZBLIESL DR2ET 3 EFEINS,

2D X3, DEN 727 F > OBFRITIIA X 2 K# AT
LREPoT03Y, LhLEFhiciEFne ) 0BEESH
20TCTH->T, UTIcZDOMERDWL D0 %2FIZEL TA
Tew: B9,

DEN 7 7 F VERDOHEER

(1) ¥, REHMZHESRE LT, DENVIZIZ4ED
HBo/-B (1-48) BWEETIEESDS, Zho0RR
#H H 12 cross-seroreactive T & % %%, non-cross-im-
munogenic Thd tEbh3, Thbb, FEOUVA LA
RMERIGO ETREET TR ED, BEHHO LTI
HEERTH D> T, H2O DEN L TEIEL T
b, RPN ZF ORISR L TOAREILL, fOBIZIER

IE v, ERSEERATIC, Fl—E{ED DEN OEBIRRE %

ZZrRELpOBESNTBY, £207DIZ, DEN 2
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R4 MISEEBEBRICL 2TV - VANVAERRERBORS L 2 DR RLEER

HiFA A X #R
B~ AAA  KB#ikE Beasley ef al. (1960, 1964)
(REET7AIWVR)
B~ 7 2 LA F7VAHERYFALE Price et al. (1973a, b, 1974)®
(RERVANVR) EE
Bege~ v 2 BGELF NLRY —T& Tarr and Lubiniecki (1975, 1976)®
CREEYANVR) HREE
BEIME T77VHERFUFNLVEE  Eckels ef al. (1976, 1980, 1984)
723 E—NRBDIHR | Scott et al. (1980, 1983)
B %, % 72 X rhesus Bancroft et al. (1982a, b, 1984)
monkey B RIMHNE (di- Halstead et al. (1984a-d)
ploid #k) Z DA 5| O RS R
BEME 7794 RYYLEE Bhamarapravati ef ol (1987)

72134 X EOREEE

Yoksan and Bhamarapravati (1990)
Bhamarapravati and Yoksan (1993)
Z DA I 5RO XIS

EDQ1) BBV FY, ZOMBED7 S Y4 L ALTEE DESE RS,
(2) ERORELERT 579, HIEERKIC5-azacytidine BEIME Nz,

RBABRESEIIL 2D TR W L O3, —EFEL
SNIZIEETH T2 BT 512, DEN V7 F izl 4 Fasd
PRz hER o0, ThiZEBEIATLIEELR T
ETIRZR D,

(2) Xz, DEN iZ13 immune enhancement & \» 3 f5#
BERVPEZFHCED 5N 5, 6121F, 18 DEN 1 EHEIE
LB 2O %05 L, ZOERBIIBRLEDZN
FVBEL BB LS HD s FI 5, DEN 0E
ERTHS [ 7> 7 HmEh- 3 v 7iEREE] (DHF/DSS)
3, PIBEBILD b RBEAIZH S Rohs LS EK
BERNEED, ZOEMITO—DEE>TWS, 1981FD
F a2 —NTOWITT, ZOHRPSEHZCHESNILED
nTws,

ZDZ L, ERMIC b 3. 81213, 2 21 DENV
TR R S MEEEE I H 1 B, b B Wik, TRIKIG
EFRELOVEEOEE I TER XN (subneutraliz-
ing P2 BMMERML 2 L, 2BV A VADEEDIEAT
BEVIEBEENTEDOND, COEPSHETLE, —D
DOEDT 7 FvDAHEE 2T, #NCHT 2HAEPELE S
nigie, HoBMOYANVADRBRESHEL L, DIoTCE
BRERERTIENEDHL 0D LIIR B, #-T,
DEN V7 5 RQbT4BOROLE2ET 2 4HV 7
Fv, LabEQRZHLTH, TasmhzbitlEs5 2
B2b0TRINERSRWEES Z itk 3,

ZDORIEIZBEIEL T, Wb 3 booster injection 12D\
TH, FRINMLELRSRV, RIZEBL Y 7 FV™MES
Nz LThH, FHMMELBICREEOE TR &R T,
> T booster BDILE L2 5 ThH % D, % DL, BiEEE
CE> TR BEETII®RB L 2PBTH-TH), &
2EEREZ NIV ANVALERIGLT, —BOyYavy 2
ERZOERIRERESSPVELZETHS, BE

FRLENTOE DEN AN D YA VAT 7 F i2ik, &
DENFEBLENE > TH22, DEND AT 75>
EDOWTRRLTESTHS 5, BEAERER LS R
Ho5N5, BiAIZ, DEN 2D YF 2 oW TIidBEz17
DY 27Fo3H5h, TOMREIDZR LD 6 EREET
32 ELEb T3 (Dick and Smithburn, 1949), YFV %8
BMERThH3 I & LY T, YF OFEHERIZENY
REEELNDPEEEZ LN, FEEZS Tho12bIT
H5,

(3) Ei, BYMEELREEMR DENV OEEHEH R
EHFERD—DI1Z, DENV ICi3FEEYR [FB1~—H—]
(virulence marker) BHISN TRV EWSEENH 2,
BIZIX, ts—A =& RV F 7 A V21D TiE Sabin
and Lwoff (1959) DISERERE S T3 48, DENV iz DW»
T, DT LLEEINL LR LEEWLE S THE, 20
fi, small plaque v —% —Rt bV >/ SEREEBICBIT 218
FEOBEE, YL ICBIT S viremia s FLRIEI TV 3

B, ZR o ORI L Tk, HTORMEE T 5%

EHHHD (McKee et al., 1987; Schoepp et al., 1991), %
7z TNHDT—H—RHESTHWITERLI BRI
DENV &, AR F CHER R I LU CHKRCERT 3
ZEREBH SN T3, DENV OEREAYHER P E8LER
ik, RVATANAEELBRR S, HEOSBRLE
ET200dHNE, DENVOEHNT—I—ZDOWT
i, BICEBNLENEICIRE- T, BARIZZHET 2
ZEBPBEEEZ NS,

(4) b5 —DHEELEIX, DEN B, Kz 0HEEM T
&% DHF/DSS B L THEZEWRTD [E¥REB=E T
W] BEELRWZEBH B, v 7 ABMAEHIZ LD
DENV e &7 248, % DIRBE%AAREIZE + © DEN %
WL DHF/DSS @€ 7 M2 % D Eiv, WL DhDH L



HaBshTwsdy B2, & hOBGEFEHARAA
77 transgenic mice OFH), HED L 22T 2X D LT
Ez28\, LLEDZ L35, DEN 727 F > D%, DEN ©
pathogenesis DAL iz, KERZAY 7 EZ2TWED
THb,

SROFROET

FEOMESESE T, SHENENE, RWLERST
BEMEDH B TED L DBEEL THI,

(1) Rzl BEAE, BRESHIBES NEEHTDH
535, L, #hoE7 A VAFERCED CERNLE
HTh 5556, RRCIBRCAVWERZLLO» AR
WV, 2T, REKRETHLE I NEL, RAMTRLTH,
RY—RHE2ELOD—DODETHAS LBbonsg, *
NICiE, RO LD BEBEIFZ 5NNV,

(2) vANVADOMIAREEMEL T, EEKZERL X
54255, BREBFINS Z LT, HRABKDO W
RT3 eBe PEEESHERS L, BRBEZERZIZDON
TRECHEBCIED, LrLl, dIEEMLCHAIH
e, b MEEREMEREEAT 2, FRCREERE(EY 7
Fv| OBER, T{EEOE MRS EI RS EWL
SEEBH D, BHZNE, VIFUMBIELT, Kl
DIRRBEE>TWB LS I2EZ %, Edelman et al.
(1994) iF, A XBHRERIZBVWT1H DENV O b 28
TlE, FR0RFIEBLPREE TRV ERITWVS, 185 A,
NI OREE, YA NVADOKROIHTIZ X > TRE 3T
25, BRITARE—DDRTHEIEZOND,

(3) BfE, L OWMFEFEOHIZE, boE6[ET 7T ]
OEgLIzEIT 5 Tws, Lil, [V 27 F Y ]icDonT
by, 2L ERBOSMIILVOTHD 55, HEMED [3E
T Fv]| OBMEREO N TWBLE, Zhiclll-7:
FRERADEDE, —DOHETERDLS I, [FEV 7 F
v o, 4ffivzF b RS  fFRIEER S X
SicBbihd, ©2A, TOEMEERE, HNKV 5~
WHARTHRERCER - Silith2THS S, -7, L
—BEE TRV BNV, UL LR HEIZES
nhAlb flziE, RERTOEREES) ~O#EAL
FiX, FEENTIVOTREELE S0, bokd, ZO
#4112 b immune enhancement O EK, # CENE
WTHHI,

4) FEREEOHRPFHOEREK DWW TiE, adjuvant
ONA®EBEETHIELLb—AETHAI LEZ LS,
DEN TixZswdd, wEW D> Ww Tk, Ambrosch ef al.
(1994) X, 17D # v 7 F > & Salmonella typhi ® Vi-
polysaccharide & @ combined vaccination 23, B#F7#
BHHEOEER b6 T LR TWS, DENV IZh, A
SNAHERD S L KEbh 3,

Big AT, HAHEOMEEEESD I X > T monocyte/
macrophage 2 OFIIEOIEMEDS, ZIHICHEET 2 2 L 58
CHIshTWwW5, TRETVIZF U, [BEORRIZVE

405

RITIEXCE>THREHIRERIIETE2HDTH S H
B, UANVADORBRYEME FRE L OB aERE W E,
HEEERKS, % OMREERe EVEEYE I X - TRIEE
HRET, RESROMAERS LI AIEERR, —FK
fliT 0 TREVWLrEFELLNS,

(5) EZDHME2FL TP TEsRE, ikd
DEN B4 2Ry, fifgEEIc L 240 b, ~ v A @EH
W2 & o THEBMES» OMECHELZEENESNE LD
BRHIRZZ T %, 7277L, ZhiewL Tk, FidlLizlk
< A4 )V A DFEEM (neurovirulence) DFEHIZ DWW TR
AR ERENH 5, LorL, AorOFRCE-T,
DB GTFLENAHE L - T, MREEEL T RERE
FTEZEDBHELENTHS D,

Després et al. (1993) 1% Ae. pseudoscutellaris AP61ER
M EE I N DENV-1iz2 oW, low pH LBHIZ X -
C 2 0 mutants (BR/90= FGA/89) %{ED, ME %L
BMUTTEOERER2TD 2, (1)BP/90Ix AP61IZ 58 \»
CPE %373 25, FGA/89131E £ A ¥ CPE 2R &, L
LRS- DA VAEEEZ, FGA/8923 BR/90 X
NH%BTH5B, (i) mouse-neurovirulence 1¥, BR/901X
B Tmwnwa, FGA/891XZF5v>, (iii)E sequence i 3 \»
T, E96 (hydrophobic domain) %% BR/90iZ Phe, FGA/
8911 Val, E379 (conserved region) #3 BR/901% Val, FGA/
8k Ile o T3,

Guirakhoo et al. (1993) 1%, DENV-2& Ae. albopictus
Co/36EMilBDHERT IR ODWVWT, BEpHAUE I & 3
mutant (AM) {7 > € =7 A0H I X % mutant
(FM) 23BIRL, WHEBHVANVALOEREHB LT &
Z %, (i)AM T X E153 (Asn— Asp), (ii)FM T i
E6 (Ile » Met), E134 (Asn — Ser), E153 (Asn — Tyr)
DERBRFEDTz, 72771, neurovirulence & DR IZIR~
ST,

Sanchez and Ruiz (1996) X, DENV-2.X ¥ > afkic
LT, ROFRE2HB T3, Nucleotide 1168 D Z LA E390
D7 I BEOE LR 5L, X35 %kH S plaque size
Tvariant % 43 I % &, small plaque £k I nucleotide
1168(G — A), E390(Asp — Asn) T mouse-neurovirulen-
ce 5§, ZhXtL large plaque #1x1168 (G — C),
E390 (Asp — His) T mouse-neurovirulence 235\ > Z & 23
~ENTz,

BLhAz, BITOHERYT 7 F 17D HRIEMAEREIC LD
T ARELELDT, FOEWT neurovirulent TH %
%, Ryman et al. (1997) 1, 17DEHEI D WL DO
variant #{E- T % @ neurovirulence 2 L7z, Zhi
X% &, (i)variant 17D (—wt) I~ 7 A RNERMEDE
BHZE T L TWw3 3, Zhit E240 (Ala— Val) 0ZEE %
FLTwsZE, (ii)—H, 17D(+wt) Ik Eb 5%
Vs neurovirulence # % %, E173 (Thr — Ile) OEE %R
L, FEEz, wild-type @ Asibi #7 4 )V A 1Z specific %
nucleotide (17D 7 7 F > #iz T 2B L Twig\») %R
LTWw3ZE, REPRENTZ,
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o DERY, ~ BB bDTHE0EIIRISEORK
A E 7o S v, HBWEHE LB L > TED
ZB2FL, FNBTVANVZADOENOERICODORB W
SHJEEMEN, S BRI~NEFEEELEL5>N1 S (Neur-
ovirulence DRJEIZ, BB [HFHRY 7+ ] CEHEL
TH@mT %),

6) ZZwBWT, DA TEYE, BEFLEOH
iz AWT, Wb [FMHR T 7 F ] (new generation
vaccine), W UL[EZ#H Y 7 F > ] (second generation
vaccine) 2B L X 5 L T 23HABRINTEZ, ZOHE
DIFFRIERTERBBZ LORE T, V7F e LTOBEAY
CBL, MENLERETTIREEL VY, BELITK
HELDOZELRBEERRKLEVWTHS S, Lo TXREMUTII
BWT, SHETCRBETONLREEZBATEI L LT 2,

(D) i 7oF > (new generation vaccine) &L
E_HA{ s F > (second generation vaccine)

Ry 7] ol [EiMRy o7 L], &
BT, MERLERZFLORBEFHECL > TERSA
2T F U EBRT S, ZhITiE, %L adjuvant OB
#, DHVEHLWEEFEDEE (Jz £ 21F, combined
immunization ® mucosal immunization) 2 b EN 5
b HIR Y,

—75, REWIZ, BEOSFEME, HHVEAHTEE
ZOBEMECHALEONTY 2 F V28T %, 22T
X, MEBEODLDRXODWTBNT 2, ZDEIRTVI7F i
BEBEOMEDZOWT (VA NADAE ST, HH,
FEHEZELED) FaohTwd, LrLl, 20TRTE
WRET 52 L 3FRHXDOENTIZ R\ WD T, DENV ¥
SHEROACR- BT B L& T5, (HED*

B (FUr7Fv) OESAE2—S 1S 2%, DENV-
RNA @ nucleotide sequence O PR DHIEHERE% code T2
WareBEL T, REREMBEERZFLIMESLSET560
ThHb, FOHHDIZDIZ, W< DD EEKLERSH
5,

FHINLZREBEOMHBRIZ L 2T 220047 T) -2
KAl&N 5, (i)HEBZEEZED, FhiZk-> THRY
Vi REEL Y LIFEE, (i)ERZ VAV ABEEES
T, INB2T77F L THWAFRETH %, HiElL, E.
coli, baculovirus 2T 2 Z 8%, BERHRED L
Z %, vaccinia virus (—&B avipox virus) ZFfIH 3 % A
PR LN TWn3,

—7%, DNA @ plasmid 2 E#EFH T3 L bHA>N
Twd, Ihid, EFEEBOL» LI, B2 V1L
ADENERUTHS, %z, synthetic peptide Z{ED,
N E-T, Tike2EETLDRERHIIEEES T
ZRALBREINTNE, Zhi, FEMICE, BEFI¥
RIFATIC & 3 H D TRBWY, —DDOHLWIFR A LS
ZB3THA ), TN BT, UTERTZZLE
T 5,

D.I. E. coli #BV3F%

DENV O E protein gene & E. coli D#E¥4 7% gene & %
fuse 8 R C, E. coli 127 4V A GRGEFRMYE & HHE
IRBLEZEBHES,

Fonseca et al. (1991) 1%, 1-4 D{E DENV IzDW,
E protein % code ¥ % genome ORFEEZRAIH S5 cDNA %
fED, L% primer 2E®, I d & E coli D trpE
fusion protein gene 2Hb ¥ 5 Z LIk > T, BEEAH
FREESE, Zhbid, DEN O&BHik(: & 2 i~
U AGUEHEAK) L BRICKIGT 50T, 2K reagents
ELTEBODTHERATHS EFR LI, UL, BICES
PitiieE %2 5 2 2 ERD® 2 E LI DV T, BRSENT
Wi,

Tan et al. (1996) 1%, 1#I DENV OFEESEEL NSHAE
E coli WHRRI T EWE L2, ZOREENIEEICD
WTORENE R EN Tz,

ZOHIEL, JEVIZOWTTHAH, Mason ef al.
(1987, 1989) 1%, E. coli THFIH & ¥ 7 fusion protein %™
ANVAEEETHUUERIED D, RREEBHHENEEEEITE L
KW ERBRRTWS, —F, Srivastava et al. (1991) i3,
UL JEVIZEIL T, E protein gene & NS1 protein
gene &£ BHEEHWS Z X2k o T, BRRHHRELZ B 5
ZBIEVAERTHEEFEL TS, INS5DEEICD
Wi, JEVBLIUDENVIZOWTSER &R HEHS
PBETH?I,

Simmons ef al. (1998) X, DENV-2 envelope protein
® B domain 7 I / B£298-400D AL &, E. coli D
maltose binding protein (MBP) & % fuse & ®7- recom-
binant protein ix, =7 X ZBWT IgG Pz ELERE L Y,
100X LDsp 7 A /v 2 DR BRI L, #I80% DA
ERLIcEmE L, Ihid, BE LR TH S LMY
k3,

HED*Zh o ORI DWW THITESTHTENTED, o, =2 —I—ZRE7HF I -2, —EOY YRV ARBBELTVLS, &
EOFHCHDETOXBELUTZET 2, FHCERT 3HEROTHKE LT, s s»HMBET 2D TH 2 bRy, Mk

Vaccine i2 1, KRBT 2H L WkENEHKsh-22H 5,

Isaacson, R.E. (ed.) (1992): Recombinant DNA Vaccines, Rationale and Strategy, New York, Marcel Dekker.
Prokop, A. and Bajpai, RK. (eds.) (1991): Recombinant DNA Technology I. Ann. NY Acad. Sci., 646, 1-386

Williams, J.C., Goldenthal, K.L., Burns, D.L. and Lewis, B.P. Jr. (eds.) (1995):

Combined Vaccines and Simultaneous

Administration: Current Issues and Perspectives. Ann. NY Acad. Sci., 754, 1-404

Asenjo, J.A. and Andrews, B.A. (eds.) (1996):
Engineering Sciences. Ann. NY Acad. Sci., 782, 1-569

Recombinant DNA Biotechnology III.

The Integration of Biological and



D.II. Baculovirus 2B\ 3% 5%

Baculovirus (Family Baculoviridae) 38 EBYIHN D
A NVAT, KRB FI312-300 B8 % - 72 peptide #F L,
B 1X90-160 kb @ dsDNA TH 3, &k 5 RO 9,
BLEFRENLEBHNESGTHI EE3NTWV S, BT,
Species Autographa californica nucleopolyhedrovirus
(AcMNPV, 134kbp) ##FA THE I L, BEHME
Spodoptera frugiperda (Sf9) THEFEIE SN 5,

FRD E. coli D& ELELU L, DENV OBEEHD %
WITIEREEE B % code T 5 cDNA & AcMNPV DR E
@ genome ZEb¥E, Ih% SOMETHEIRLZLIZ
koT, BENREREMEOELZBETOTDH S,

»EIRFERRESOTIREINHRORRN L D%,
BIRRZERECESTCRL2ERDIELL LR D,

Zhang et al. (1988); Lai e al. (1989); Lai et al.
(1990); Deubel et al. (1991); Putnak et al. (1991);
Qu et al. (1993); Feighny et al. (1994); Eckels et al.
(1994) ; Bielefeldt-Ohmann ef al. (1997); Staropoli
et al. (1997).
%7z, Després et al. (1991) &, #HB VA VA (YFV)
WOWTHEBRZMREZ®REL T2,

WTROREICB VT, K S HMEL Y DENV %
BHEONSWBEIN, In2EBWCS 2 5 L BENTED
BEEXN, HEIVERVANVA (EE) OHBINET 5K
QHERE R O ZH T Z kR E N, ZOBED, HiE
EY (B) LEEEED (NS1) ZREERCAVWBED, &£
DERO XS IHEZ oD, iz, Bielefeldt-Ohmann
(1997) 13, DENV-2¥ DENV-3® hybrid envelope pro-
tein OEEENTARETH B L BRTWB, Thik, BldT 2
chimera virusfE® 0 H A4 L E U <, £/ I X
polyvalent 2V 7 7 > DO#&ER BIET b DT, SROER
BEENBEZATHS,

D.IlI. Vaccinia virus 2B\ 3 5iE

Vaccinia virus ® AEITH - T, BETFEESILENE
BTHbB, LUK EVIZIFLORMTHE DS,
recombinant virus # D ¥ F&EEBICE5 2 5 2 E2SATRE L
W FEM B 5, Recombinant fESLDFMEYEE X, Eab
@ baculovirus DIFE EFETH 5,

7 AV #® Lai —Jkl, recombinant vaccinia virus/
DENV L T—ED L& R % B Lz, Zhao et al.
(1987a, b); Bray et al. (1989a, b); Falgout et al. (1990);
Men et al. (1991); Bray and Lai (1991a, b); Bray and Lai
(1992); Pletnev et al. (1992); Pletnev et al. (1993);
Kawano ef al. (1993); Chen et al. (1995); Bray et al.
(1996) ; Pletnev and Men (1998),

o OWRDEED—213, DENV DRZ 577 4 VA
R, %721, DENV &L > EHEO 7 VAT A VAR
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BT, chimera 2K L7z TH S,

UTFHRLDO—R DB TOMMNEEE, EFHLD CHER
LicBREFET5ILET 5,

(1) DENV (F:LT4M) OBEEH, 8L UHEESE
EH%coded 5 cDNA 21ED, Z# %k b - T vaccinia
virus recombinant 87z, 2RI BRI EL L, B
EEOB L UIHEESER (FL LTNSD) BELEINT,

(2) C,prM, E, NS1, NS2a # code 3% DNA sequence
%% vaccinia recombinant ¥, <7 A EHE DENV @
BB I 3 2 R EHRE £ 5 2 T2,

FEREEE T NS1/NS2a % & te recombinant X, =7 X
EBWTH NSLFEEEEL D2,

(3) R RED ISR, C-terminus % KR\ 728501 & 5
B9 % recombinant 2SHUEFHNIC, L DEMTH S 2 LH
HIEAL 72, T &b B, E sequence DBAID3INDT & /B
NEETHD, T9%E TCEEINZLD(19% E) 23, Hifk
EEB LU~ AREFHEO LT, LY REFLEELZ b
5FEARRTWE, BREAZ, S (Jan ef al., 1993) X
JEV 122w T, C-terminus % Kv>7z recombinant D
BHEhED, I FChTws lezmli,

4) o OWMFTTEHED S ML, BRoREEOY AV
Z DT chimera 2fE8I L7 2 £ TH P H, Tibb,
intratypic (D4 @ ), intertypic (D1/D4, D2/D4 @
), # X (*DENV & tick-borne encephalitis virus
(TBEV) & ®f® chimera 7z ¥ 2{ED, #OHERAME
JR, ;MR neurovirulence % 7z,

(i) 2% D4z>WT, neurovirulent (nv)#k & non-
neurovirulent (non-nv)#k & ORI T chimera 2% &,
Ser (156) — Pro i% non-nv, Thr (155) — Ile i nv, Phe
(401) —» Leu BHFOFMETH D I R EPRENTZ, D
% h, EDINDDERSSDH neurovirulence 2 X T % DT
H2H BT3B,

(ii) D4 oFEEEEH L, D1 (C-prM-E) H 25 »ix D2
(prM-E) ©oBOB®D L O chimera 2ED, Zh 5% rhe-
sus VI TESLTAS L, DI/D4 chimera 252 5
N3t D1 Hidk %, D2/D4 chimera 25 2 shi-¥
Vi DA Hifk e F#nEhnEE L 72, D1/D4 & D2/D4 DR
eYEE 25k, HiDl, FiD2OWAOHGRBELEI N
770 OTNDOEED, BOBODEEY A NV ADKE N
L, HVid—EREORRYENHE (viremia OIE) % mL 7z,

(iii) DENV-4 ¥ TBEV ® M/E % code ¥ % ¥4I &
@ chimera ZEB L7228, 2RI TRO T SHRERL
725

(@) TBE/D4 chimera i¥, ¥V EMREEZEIZBWT TBE
EHoANALDB IO EEOEEEZRL, K&7X& plaque
2E5, L USRS CORMIZ, FIR3Tn5,
(b) Chimera 7 4 WV A%, wild-type TBE £ 2%, v R
O peripheral /&% (RN % 72 BEHENESIC X 3) THh%
POEREI& VS (ERPUNAERCE> TV AR
81 E3), #OBOMEE TBEV OR&B o L %5
22,202 kit HETBE V7 F OB Z2RET 2



408

LOTH5, (OFRBROFAEDS, Langat (LGT) 74 MRz
D2WITHE SN, THEbB, LGT (prM-E)/DEN4
chimera i LGT £k 7 4 WV 212 X T mouse-neurovir-
ulence IHMET LT3, ZhrBEENENIN:ZYY X
5 LGT i 2 EAE L, HETVANVAOKE L
EHERL,

FIE R BFZED, D7V —F Itk > TdRENTWVS,
F.<{ Hahn ef al. (1990) ¥, DENV-2 ® prM/M %2 &t
vaccinia virus recombinant 29, Zhi®5z2ohi-~
A RPE (PR REELEZE, 7, RAUERSE
#Y A NVA (YFV) 1TDRIZDOWTI T2 L 2 %, 2DH
EOTBELEEIIDENV OZFN LD bEr-T R EE
& Uz, Fonseca ef al. (1994) &, DENV-1 @ prM/
M % & vaccinia virus recombinant 3= 7 Z 12 $i DEN
PBELERVERIT L, BLUZRIZDODWTDENV
D C-gene ITETHLZ L ERRLI,

Z D& 51z, vaccinia virus/DENV recombinant % {E
D, HBBVIEERL 57274 VARIO chimera #{E-> T, #
DB E R neurovirulence 7z £ ¥ BRBF$T 2 2 L 28
TREE o leb T TH B,

ZDEDOHFREIX, DENV L[ U L Flavivirus g3 %
HAEMEY A VA (JEV) Z2oWTHBARTbOITWL 5,
ENH6DT—FIEDENV ML THOERTHE EEZ S
N30T, ZZHEBENTEILLET S,

I—)VREFEMHERE EDORFEIFEICB W T, Mason
and Konishi ¥ & C3FEPF5EH &, vaccinia/JE recom-
binant IZ DWW T—EH D L& R HFFE 2 HT L7zo Z DERED
BE%, BUEFEOHEMBIIEIWTIIEL A2 E, T

e Wb, 57, BRERXIIRDED TH 5, Mason
et al. (1991); Konishi et al. (1991); Konishi et al. (1992);
Konishi et al. (1994); Konishi et al. (1997a); Konishi et
al. (1997b); Konishi et al. (1998a), & ¥, %5 (Pincus
et al.,1992) F{E# VANV R (YFV) 22w Td, FEED
BAREEFHERL T3,

(1) JEV/vaccinia recombinant iZ, prM-E-NS1 % %
BHLUTM-E 2508 TS (hemagglutinin fEf % & D)
EHIfES L, Zhid~y 2R (BRI O
IRIMEREEEIE]) ZEAET LD B LI, BHEY A LRI
X3 B BRGEBEERIRE b2 5 Uiz, FEEEE G NSL 2%
B9 % recombinant b REHNEIE % b 72 6 T2, £ DREE
13 prM/E @ recombinant & ¥ 4 TFETH - 77,

(2) prM/E, NS1 %% 7 % recombinant iZ, JEV /&
BT % O viremia ZHIE LIz, #DEWRT, JE OFfTIIN
TR EHIRT 2 2 L B8HE S,

(3) vaccinia virus & F{TL T, avipox virus IZ@3 %
canarypox virus ¥ f W : EBWBfThb iz, JEV OprM-
E-NS1, & 2 X prM-E % %3 3 % avipox recombinant
X, WbV R ICHIRELER L BREEE 2R LT,

(4) EE o Z & & JE/poxvirus recombinant * Hela
HRICRBRE LY D L, RERE2E T R FRODESE
pwEND, Ik, prM/E recombinant & 23 2

E, VTV ARBOWIT—BRIFRFUESIRBS b 20 8Nz (B
B “DNA vaccine [plasmid vaccine]” D2 RBDO Z L),

(5) ZHh 5 recombinant ¥ 7z X FRESIE, T TRAB &
Ut MEfEan3 &, cytotoxic T lymphocyte (CTL)
FHEL, 3 CD8'CD4™ type TH B Z LRI NI,
HIRMESRIBOFERIE, 727 F VDR EEZL S ETHD T
BERETHY, SBERIOEDOAMREIE DENV IZBWTH
EEINZLEND B,

BB, HOREE YA NVAKDOWTH vaccinia recom-
binant 28 L, % ORIEWEIEERE L T3 (Pincus
et al., 1992),

% 7z, Sato et al. (1993) $ vaccinia/JE ® recombinant
WZOWTHIFEL, JEV @ prM/E %2F3 3 % recombinant
I3, RS ENRC JEV-EEARES LD TINE
MRS RN 5 2 &, ZOBEREMIC DENV-2 %
FORERVTBL L, JEV-EBEADOMEAN B REA T
52k, BXU, 20 k5 R EEBHKRHOBAIZ, NS2b B
L U'NS3 2 Hf 8 FHI T 5 recombinant IZ L >ThH b7 5
Shak, REPREL TS,

BEDER

LRARTFROERGRBE2HD TERNT S L, XD
ZTELBTH555, DENV (/213 JEV) OE (RNA)
D, SFEBE T 2 EHM 2 &t cDNA 2/EY, (i) 2
1% E. coli % baculovirus DEBBICHHAAA T, AL EF
HELTORENTGE2ZHELE LY TRIERERIIIERZD,
(ii) » B\ iZ, vaccinia virus Z W THEIZ VA VA %
fED, 2hic k> T H K E & D fih i1z, cytotoxic
lymphocyte DFEE R -7 0, 723G ER -4
JVARID chimera #1E-> T, & DEHOE Y L LV AKES
EH L, FBII21E polyvalent K7 7 F v DARIE % &, f
MLE5ET2bDTH3,

FIE BT 2 REESALE LTI, prM, E, NS1 BNEET
HBIERREN—HL T3, Z2OSKEL, 8¢ Kauf-
man et al. (1987, 1989) 23 monoclonal &Iz Xk - T,
DENV @ prM 8 & O'E BB ERRFTH 3 =
BB ICL, %72, Henchal et al. (1988) 2L <
NSL SRR TH2 Z L BRUTz, ZREEDS D5
i, Wb ZOMIBEL TRB—BLEKEEZE T2,

D.N. #DObDF%
Loz y, HLVRASBLENDDH 5,
(a) DNA vaccine (plasmid vaccine)
AR L7z & 512, Thi & 2 REFEEEE, FENC

3R 2 7 A VR (Jz & 21X vaccinia/DEN recombinant
virus) WX 2 Z N L EUUTH 223, whITX ) EENICH



BEREPEBEIIETEIDDTHLET R 5,

Kochel & Porter B X % OXEEHFEHE (Kochel ef al.,
1997; Porter et al., 1998) iZ DENV-2 ZH T, Z® prM
EEMI2%% code 75 cDNA 2R 7 ¥ —IZ#HAAA,
plasmid 2fE- 7z, 2B AR ENEHT 5 &, #Hi%5
v v ZAD£fiz B CH DEN ik (i) oEE%2 Rk,
LspL, 2P0 TR~ ACRBREHEE 25 2 L5H
i ofzdy, Zhic CpG motif 2& % pUCLY 202 T
TYREEZB L, HBELEE L VRIS L, B
B A VA DOKRBIZX T 2 BEBAHHE b, FiIE Lok
HRTW B,

JEV 22T Konishi et al. (1998b) 1%, prM/E &
i plasmid ZE8Y, Zhd~ 7 A JE Filk (hf) 0
ErRBEEEE 5T I L RR LT, ET2, RET T X
OB 5, JEBREMP O cytotoxic T lymphocyte
(CTL/CD8) e s h, 20ORRIIH6 v He kA
RARTWB, 51, BEIC vaccinia/JE recombinant i2 X
% CTL (CD8*CD4~) DEL%2#HEL T3 (Konishi ef
al., 1997a, b), 7 7 F rEREIC X 2 Mg EEEIR I,
SHE SRR ED BREBEERETDH 5,

H 7z HIZ DEN BRI ) VN BROEIREIC DWW T,
BR () RUHLEIFEE I & 2 —HEDLELHELH
L0, KX TREZINANDOERIEZFET LI ET 5,

(b) Synthetic Peptide

Markoff et al. (1988) X DENV-4 2T, D
envelope glycoprotein % code 3 % sequence iZ#J &,
38 D peptide (BOBDRIEDT I /BLIIKD) *
fEotee DN, 9EO peptide 1331 DEN Hifk (=7 A6
EEA) CHEEL, S 5KFDNO 8 # O peptide iX, DEN
EEREFEMEO R L 0% CRIL LIz EFHEL Tna,
L L, BEEEFEZIER I DL TSRS TR,

[T 7 F ] HRDIE

Pk, Ty 75 v 3T 2 58E0M%%, #EHL
720 HILWEZHEBMICESWTED SRS ZDEDOHF
X, BMIIWTHY, FILOFEEZ 6T DTHS I,
BICHB A TR BEREN R Y 7 F 2B L7 wDEN
DWTIE, —BFORBE, 2P L, HERPHEEL TS
Zeid, HTLLRERER TRV, BiEBRnL
DO ORIERS, F121F, immune enhancement O, &=
i< —h — DL, BMERETNVOERREIR, 20%
EFMIIF DU TIIEEZZETH S,

7272, neurovirulence % FEIEHOET A2 DWW T,
BIEFTENFERC L 2BEOBES, pirEssRz
T&RESBbhd, BKICIE, AMFRICERL THRE
M ERMERROALEDD B Z LI, B EThR,
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EbYIc

DEN 7 7 F > i220nwT, ZIZSVEIELWMEDEED
Fnzil-Talc, FIHD, Fo AEMEOARIZEKEL T
Wiz, LBHITBEHOME» S, VANVADITADH D
EEABEADEE, Fhick 3 AMEERLLV LTEL
VA NVARDREIR, FhEHEE LY 7 F Y EFKEOPR
2T, MEOH TEEFWEITCES ETOEHTDH S,
BOBDDOHRIZ, FLZENOERBIZBWILARNLES
ZROLDTH B, SEIRBEREIBNWT, Tholx, ¥V
ANAZEEOREOLE R, FOLEMLHELTVSEES
25Th»5, Fitix, DEN V7 F itk 5T, XF
BOFLOERCEETHS S LEbhs, KFHX, &
#% DEN 7 7 F > O R IcEL oD 2, FHICE WS
FRRCAo»DEF W EVBLLSE, EFEDEUL IR
IZEE 2 H DI\,

B3

I+ EEEE (RIFAFETEREVITER), gL
(MR KFEFEREYRD) AERE s HEL 0L, BEXR
HENE 2B o7z, FROBEIZZREFES A, NEBRA
B (MPERZFEFIZE) OBPEHEV, ZThbDHL
XL, REOHEEZRLET,

& £ X B
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TEST “DETERMINE™ MALARIA PF” AGAINST

STANDARD BLOOD FILM, ICT MALARIA P.F™
AND PARASIGHT™ F
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Abstract: A new rapid immunochromatographic test for malaria diagnosis, Determine™ Malaria Pf, was
evaluated. This diagnostic kit is an antigen capture assay based on the detection of histidine-rich protein
2 (HRP-2) of Plasmodium falciparum. Positive test results are read visually, with the formation of red bands
within 30 min. 438 patient samples were tested from malaria endemic areas in Palawan, Philippines and non-
endemic areas, the Research Institute for Tropical Medicine in Metro Manila and the Komagome Hospital
and Keio University Hospital in Tokyo. Of 136 malaria samples, 101 was P. falciparum, 33 P. vivax and 2
mixed infection. There were 302 other diseases, 26 of infectious nature, 201 non-infectious, and 75 working
normals. Using microscopy as the gold standard,. sensitivity for Determine™ Malaria Pf, ICT Malaria Pf™
and ParaSight™ F was 1009, 99% and 1009, respectively, and specificity was 96.7%, 99.1%, and 93.4%,
respectively. The positive predictive value for Determine™ Malaria Pf was 90.4%, 97.1% for ICT Malaria
Pf™ and 82.4% for ParaSight™ F. The negative predictive value was 100% for Determine™ Malaria Pf,
99.7% for ICT Malavia Pf™ and 100% for ParaSight™ F. Determine™ Malaria Pf had an analytical
sensitivity for parasite detection as low as 30-50 parasites/u/. Antigenemia was seen to persist until about
9 days in patients treated with the second line drug sulfadoxine-pyrimethamine (Fansidar ®) despite a
negative blood film. It was longer in chloroquine-treated patients, 14-21 days, only to give a strong positive
signal on the day some patients recrudesce, also with a positive blood film. Following of HRP-2 antigen
clearance might be used to predict early treatment failures or drug resistance. Determine™ Malaria Pfis
a very simple 2-step rapid and convenient procedure with excellent sensitivity and specificity. Its marked
simplicity and reliability makes it ideal for field use where remote health centers are minimally equipped and
staffed, and malaria diagnosis urgently needed.

Keywords: Plasmodium falciparum, diagnosis, histidine rich protein 2 (HRP-2), immunochromatography
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INTRODUCTION

The development of rapid and specific diagnostic
tests to identify individuals infected with malaria is of
paramount importance in efforts to control the public
health impact of this disease. Despite the simple tech-
nology and relatively low direct costs, microscopic
diagnosis is still expensive requiring an adequate infras-

tructure to purchase and maintain supplies and equip-
ment, to train microscopists and to ensure proper qual-
ity assurance of the service. Rural clinics do not have
the ability to diagnose malaria on-site due to lack of
microscopes and trained technicians to evaluate blood
films. Since access to a microscopic diagnosis in case of
illness in the Rural Health Units (RHU) of endemic
areas is not only difficult but time-constrained, a simple
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and rapid diagnostic test is most useful for early case
detection and prompt treatment. If such a simple test is
made available to trained village health workers, this
will save the patient time to treatment and the cost of
travel.

The urgent need for new simple and cost-effective
diagnostic tests to overcome the deficiencies of light
microscopy have been recognized for a long time
(WHO, 1996).

Recent advances have now made it possible to
consider the feasibility of supplementing light micros-
copy with a standard antigen detection test using high
technology production methods and low technology
applications. In the last 5 years, rapid diagnostic tests
have been developed and tested in the field. These tests
are based on the detection of the parasite-specific his-
tidine-rich protein 2 (HRP-2), commercially available
ParaSight™ F and Immunochromatographic Test; ICT
Malaria Pjf™, and lactate dehydrogenase enzyme
known as OptiMAL ® Test (Flow Inc., Portland, Oreg.
USA). All tests use a dipstick technique, a methodology
that has been successfully employed in clinical biochem-
istry. This dipstick has been evaluated extensively and
found to have a level of diagnostic sensitivity equal to,
or better than conventional microscopy. The first 2
procedures make use of a dipstick to which are attached
antibodies directed against the P. falciparum HRP-2
antigen. This water-soluble protein is secreted by the
parasite and is present in both blood and plasma
(Howard et al., 1986; Parra et al., 1991; Desakorn et al.,
1997). OptiMAL® utilizes a dipstick coated with
monoclonal antibodies against the intracellular meta-
bolic enzyme parasite lactate dehydrogenase (LDH)
(Palmer et al., 1998). Comparative studies of these
different diagnostic tests with Giemsa-stained blood
films showed good sensitivities (84%-98.5%) and
specificities (86% to 99.5%) (Schiff et al., 1993; Beadle
et al., 1994; Garcia et al., 1996; WHO, 1996; Valecha ef
al., 1998). The availability of the commercially avail-
able rapid tests is however constrained by its cost.
There will always be a compelling reason to try the
least expensive, simplest and rapid quality test proce-
dures available to health providers.

More recently, another rapid immunochromatogra-
phic test known as Determine™ Malaria Pf had been
developed. It is also an antigen capture assay, based on
the detection of the circulating HRP-2 antigen of P.
Jalciparum. 1f this simple rapid test is made available at
low cost in the field, the current flow of work in malaria
diagnosis shall be changed and improved considerably.
The primary purpose of this study was to test the

clinical diagnostic utility of the kit Determine™ Malaria
Pf in actual field conditions in endemic areas in the
Philippines, comparing its performance with the stan-
dard malaria blood smear, ICT Malaria Pf™ and
ParaSight™ F among P. falciparum and P. vivax infec-
tions. The secondary purpose was to test in a non-
endemic area in Japan against imported malaria and
non-malaria specimen. A third purpose was to test the
antigen clearance and assess if the test results could be
used to predict drug resistance if antigens do not clear,
or they are detectable earlier in the blood before a blood
film becomes positive.

MATERIALS AND METHODS

2.1. Study area and study population

The study was conducted in endemic areas in Pal-
awan, Philippines, where suspected malaria patients
were screened at the Palawan Provincial Hospital in
Puerto Princesa City, and in Quezon and El Nido,
Palawan. Non-malarious cases, suspected malaria
patients and working normals were tested in non-
endemic areas at the Research Institute for Tropical
Medicine in Metro Manila, Philippines, and the
Komagome Hospital and Keio University in Tokyo,
Japan.

2.2. Collection and microscopic analysis of specimen

Following a signed informed consent, a fingerprick
was done and approximately 200 u/ blood taken for a
thick and thin blood film, ParaSight™ F, ICT Malaria
P.f™ and Determine™ Malaria Pf tests. The thick and
thin blood films were examined blindly on site, without
reference to the results of the rapid tests. Malaria
microscopy was considered as the gold standard. Blood
films were considered negative if no parasites were seen
in 200 WBC counts on thick film. Parasitemia was
determined on thick film, counting the number of para-
sites per u! of blood against 200 WBCs, and 800 WBCs
if parasites are very scarce. If parasitemia was too
high, this was counted in the thin film, counting the
asexual forms against 1,000 RBCs per u/ blood. The
thin film was used to differentiate P. falciparum from P.
vivax. If found positive by any of the above procedures,
2 m/ of venous blood was extracted and set aside for
cold storage (2-8°C for 1 week) and retested. The
results of the retest were used as final results. All
positive malaria patients were given the appropriate
treatment and hospitalized if necessary.
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Figure 1 Description of Determine™ Malaria Pf assay.

2.3. Determine™ Malavia Pf fest

All blood samples were tested with Determine™
Malaria Pf (Abbott Laboratories, Japan), an immurno-
chromatographic rapid test. This is an antigen capture
assay, based on the detection of the circulating histidine
rich protein-2 (HRP-2) antigen of P. jalciparum in
blood (Figure 1). The test uses a nitrocellulose strip
with a conjugate site containing anti-HRP-2 IgG coated
selenium conjugate, and a capture site containing anti-
HRP-2 IgG. If a sample contains HRP-2 antigen, it first
reacts with the anti-HRP-2 selenium conjugate. As the
antigen-antibody selenium colloid complex flows past
the capture site, a visible red line forms within 2-5 min.
About 2 ul of whole blood is deposited on the sample
pad using a calibrated sampling device, followed by the
addition of 2 drops of a chaser buffer. The test strip
also contains a control site which confirms the validity
of the assay by the formation of a second visible red line.
According to manufacturing instructions, standard read-
ing time is 30 min. The test device can be stored at 2-

Table 1 Comparison of 3 rapid HRP-2 tests
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30°C. It is a 2-step procedure, simpler, more rapid and
easier to use and store than the other available Kkits.
Comparison of assay feature between Determine™
Malaria Pf and other HRP-2 tests is shown in Table 1.

2.4. Comparison of wmicroscopy with other HRP-2
Malaria fests

All smear positive and negative specimen were
evaluated against the Determine™ Malaria Pf and two
other commercially available tests ParaSight™ F
(Becton Dickinson, Sparks, MD, USA) and ICT
Malaria Pf™ (ICT Diagnostics, Sydney, Australia).
These were used as previously described (Schiff ef al,
1993; Garcia el al, 1996), to determine the level of
agreement with the Determine™ Malaria Pf and blood
smears.

2.5. Antigen cleavance determination in chlovoquine-
treated isolates

To confirm the antigen clearance period (antigen-
emia) of whole blood in Determine™ Malaria Pf, finger
prick and venous blood were further collected from 10
P. falciparum cases ondays 0,1, 2,4, 7,9, 21 and 28. The
same whole blood specimen were also examined on
blood film and compared with ICT Malaria Pf™ and
ParaSight™ F. Results were reassessed for the antigen
clearance especially in recrudescing cases.

2.6. Threshold of parasite detection

To determine the lowest end point sensitivity, serial
dilution was performed in 1 Pf isolate, comparing the
intensity of the signal of Determine™ Malaria Pf kit as
against standard microscopy count (parasites/u/). The
Pf specimen was diluted up to 1:80 to achieve low level
detection limit, a parasite count of less than 50 asexual
forms/ ul.

Product Name Determine™ Malaria Pf

ICT Malaria Pf™ ParaSight™ F

No. of Assay Step 2 steps 5 steps 6 steps
Sample Volume 2 ul 10 ul 50 ul
Storage Condition 2-30°C 2-8°C 2-30°C
Time to Result 30 min 5-10 min 20-30 min

Reagent card
Chase Buffer
Sample collection device

Components

Reagent card

Chase Buffer
Capillary tube
Sample lysing reagent

Reagent card
Chase Buffer
Capillary tube

Liquid conjugate
Sample treatment tube
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2.7. Interference and Rheumatoid Factor test

To confirm the effect of interference substance,
high concentrations of triglyceride (1,000 mg/d/) and
bilirubin (20 mg/d/) was added to 5 P. falciparum
specimen and 5 negative specimen, and tested by Deter-
mine™ Malaria Pf.

Patient samples from Tokyo were also subjected to
rheumatoid factor (RF) tests to determine any cross
reactions with the HRP-2 kits as reported in previous
literatures (Bartoloni et al. 1998; Grobusch et al., 1999).
This was done by latex agglutination (Iatron Labora-
tories, Inc. LPIA Ace RF) on automated instrumenta-
tion. Subjects in Keio Univ. were 1 P. vivax and 150
in-outpatients, 147 of those specimens could be tested
for RF. Subjects in Komagome Hospital were 16 out-
patients for Clinic of Infectious Diseases, 15 of those
specimens could be tested for RF. )

2.8. Statistical design and analysis

The sample size was calculated based on positive
blood specimen as the study population rather than
disease prevalence. This was estimated using hypothe-
sis tests for 2 population proportions, with the following

parameters; 5% level of significance and power of 809,
one-sided test, assuming that the gold standard (blood
film) will achieve 95% sensitivity and 859 for the test
kit. This gives us n=111 positive specimen (Pf and Pv).
The statistical analysis included descriptive statistics,
sensitivity and specificity, the positive and negative
predictive values, accuracy of the test, and McNemar’s
test is to evaluate significant change in positivity of
each HRP-2 rapid test as compared to the gold
standard.

RESULTS

Comparison of microscopy with HRP-2 tests

A total of 438 samples were collected from various
patients, examined by microscopy and compared with
ParaSight™ F, ICT Malaria Pf™ and Determine™
Malaria Pf. Of 438 samples tested microscopically
(Tables 2, 3), 101 were P. falciparum, 33 P. vivax, 2 were
mixed infection P. vivax and P. falciparum, 26 tropical
diseases those were collected in Research Institute for
Tropical Medicine (a breakdown of those were 12
dengue fever, 3 urinary tract infection, 3 hepatitis, 2

Table 2 Sensitivity results of the 3 rapid HRP-2 tests vs. microscopy gold standard

Sample Microscopy Determine* ICT** ParaSight F***
Pf malaria P. falciparum 100% 99% 100%
(101/101) (100/101) (101/101)
Mixed Infection P. falciparum 100% 100% 100%
and P. vivax (2/2) (2/2) (2/2)
Total Pf+mixed 100% 99% 100%
" infection (103/103) (102/103) (103/103)

*  Determine™ Malaria Pf
* % [ ICT Malavia Pf™
* % % . ParaSight™ F

Table 3 Specificity results of the 3 rapid HRP-2 tests vs. microscopy gold standard

Sample Microscopy Determine* ICT** ParaSight F***
Pv malaria P. vivax 100% 100% 100%
) (33/33) (33/33) (33/33)
Tropical diseases Negative 100% 100% 100%
P £ (26/26) (26/26) (26/26)
. . 94.5% 98.5% 89.1%
Other diseases Negative (190/201) (198/201) (179/201)
. . 100% 100% 100%
Working Normal Negative (75/75) (75/75) (75/75)
Total P. vivax and 96.7% 99.1% 93.4%
negatives (324/335) (332/335) (313/335)

*  Determine™ Malaria Pf
* % . ICT Malaria Pf™
% % % ! ParaSight™ F
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Table 4 Comparative results of the 3 rapid HRP-2 tests

Test Sensitivity Specificity PPVt NPVt Accuracy l\gl(?i:?lzr P value
Determine* 100% 96.7% 90.4% 100% 97.5% 9.091 0.00261t
ICT>* 99.0% 99.1% 97.1% 99.7% 99.1% 0.250 0.6171
PFT*** 100% 93.4% 82.4% 100% 95.0% 20.045 0.00011tt

* ! Determine™ Malaria Pf
% % ! ICT Malavia Pf™
* % % . ParaSight™ F
t : Positive Predictive Value
T : Negative Predictive Value
1 : statistically significant at 5% level (p<0.05)

¥

Tt
leprosy, 2 pulmonary TB, 2 typhiod fever, 1 chronic
obstructual pulmonary disease, 1 erythematous patch
and multiple papules, 1 sytemic viral infection), 201 non-
malarious (other diseases) and 75 working normals
(negative). Of 103 samples positive for P. falciparum
and mixed infections microscopically, 103, 102 and 103
were positive each by ParaSight™ F, ICT Malaria P.
™ and Determine™ Malaria Pf, giving a sensitivity of

10094, 99% and 10094, respectively. Of 33 samples
positive for P. vivax by microscopy, all 33 were negative
each by ParaSight™ F, ICT Malaria Pf™ and Deter-
mine™ Malaria Pf, giving a specificity of 1009 for all
tests. Of 302 samples of tropical diseases, non-malar-
ious (other diseases) and working normals by micros-
copy, 280, 299 and 291 were found to be negative each by
ParaSight™ F, ICT Malaria Pf™ and Determine™

Table 5 Length of antigenemia according to treatment
Pt No Tx Test DO D2* D5* D7 D14 D21 D28
C09 CcQ ThBF Pf 8080 Pf 40 Pf 40 (=) (=) (=) (—) (=)
DetPf  ++++ ++++ +++  +++ +++ ++ + +
C10 CcQ ThBF Pf 800 Pf 1080 Pf 100 (=) (=) (=) (=) (=)
DetPf 4+ At A A b A ++ ++
Ci12 cQ ThBF Pf 160 Pf 80 (=) () (=) (—) (=)
DetPf  ++++ +++  +++ ++ ++ + (=) (=)
H21 CcQ ThBF Pf 1920  Pf 800 Pf 20 (=) (—) (-) (=) (-)
DetPf  ++++ ++++ +4+++ ++++ ++++ A+ 4
EN23 CcQ ThBF Pf 15,000 ND Pf 32 ND (—_) (=) (=) (—)
DetPf ++4++ ND +4+++4+ ND  ++4+++ ++ + (=)
EN24 CQ ThBF Pf 43,520 ND Pf 32 ND (=) (=) (=) (=)
DetPf ++4+++ ND ++++ ND  ++++  ++ + (—)
EN27 CQ  ThBF Pf 31,904 ND fg 80 ND (=) (=) Pf 2325 fg 312
DetPf ++++ ND ++++ ND  +4++ +++ ++++4 +
EN31 SP ThBF Pf 2238 ND fg 16 ND fg 32 (—) (—) (=)
DetPf +4+++ ND ND + (=) (=) (=)
EN36 SP ThBF Pf 8472 ND fg 687 ND fg 754 fg 320 fg 800 fg 32
DetPf +4+++ ND ND + (=) (=) (=)
EN48 CQ ThBF Pf 60,160 ND Pf 2298 ND (—) (=) (—) (=)
DetPf ++++ ND ++++ ND  ++++ ++++ +++

* =only Patients C9, 10, 12 and H12 had Day 2 and 5 blood samples tested

ThBF =Thick Blood Film
DetPf=Determine Malaria Pf
ND=Not Done

CQ=Chloroquine treatment at a total dose of 25 mg base/kg BW over 3 days

SP=Sulfadoxine-Pyrimethamdse (Fansidar) single dose
Pf=P. falciparum asexual forms/ul
fg="P. falciparum gametocytes/ul

+ + + + =considered the maximum intensity of a positive signal with+as the faintest

positive signal of Determine™ Malaria Pf
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Malaria Pf, giving a specificity each of 92.7%, 99.09 and
96.4%, respectively. One patient positive on blood film
with a parasitemia of 32 parasites/ul/ was negative by
ICT Malaria Pf™ and positive on the 2 other tests, and
had been previously treated. Another patient negative
by blood film (verified by 3 well-trained microscopists)
was strongly positive in all 3 HRP-2 tests, with no
history of treatment. Patient samples with gametocytes
only were excluded in the final analysis as the HRP-2
antigen is not secreted by mature gametocytes. There
was one patient that remained gametocyte positive until
Day 14 of the follow-up but was HRP-2 test negative.

Overall, the sensitivity, specificity, positive and
negative predictive values and accuracy of the Para
Sight™ F, ICT Malaria Pf™ and Determine™ Malaria
Pf as against the gold standard are summarized in Table
4. The McNemar’s Test shows significance of deviation

from the gold standard, as implied by the relatively high
false positive rate in each test.

As Determine™ Malaria Pf was designed for 30 min
reading time, there was no difference between 20 and 30
min to get results in all tests.

Length of antigenemia of the Determine™ Malaria Pf
Of 10 cases followed-up until day 28, 5 cases showed
slower antigen clearance period in whole blood up to the
last day of follow-up (Table 5). In one particular
patient treated with chloroquine, the signal remained
positive up to day 14 despite a negative blood film. But
by day 21, the patient returned with fever of 2 days
duration, was blood film positive for P. falciparum, and
all HRP-2 tests strongly positive. The delayed antigen
clearance could therefore be an indication of drug resis-
tance, as the blood film subsequently became positive on

Table 6 Endpoint sensitivity of Determine™ Malaria Pf as against

parasitemia
Dilution Parasites/ u/ Intensity of signal

Initial parasitemia 11,862 ++++

1:4 2,705 ++++

1:10 1,095 +++

1:20 256 ++

1 :40 48 ++

1:80 32 +

Table 7 Interference test results

Malaria Positive Samples Bilirubin (mg/d{)

Triglyceride (mg/d!)

Determine* Results

H12 0 0 Positive
20 1,000 Positive
H1l 0 0 Positive
20 1,000 Positive
S01 0 0 Positive
20 1,000 Positive
S02 0 0 Positive
20 1,000 Positive
S03 0 0 Positive
20 1,000 Positive
Negative Samples Bilirubin (mg/d{) Triglyceride (mg/d/) Determine* Results
HO06 0 0 Negative
20 1,000 Negative
Ho07 0 0 Negative
20 1,000 Negative
HO08 0 0 Negative
20 1,000 Negative
Co1 0 0 Negative
20 1,000 Negative
Mo2 0 0 Negative
20 1,000 Negative

*  Determine™ Malaria Pf
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Table 8 Specificity data from Japanese patients and RF test results

Test Site

Determine™ Malaria Pf

ICT Malaria Pf™ ParaSight™ F

Komagome Hospi- 93.8% (15/16)
tal 1/1 RF(+)**

75% (12/16)

0,
100% 1/4 RF (+)**

(16/16)

Parasitology Dept.,

. . . 100% (1/1)* 100% (1/1)* 100% (1/1)*
Keio University
Keio University 949 (141/150) 98.7% (148/150) 90% (135/150)
Hospital 6/9 RF(+)** 0/1 RF(4)*** 7/14 RF (+)***
Total 94% (157/167) 98.8% (165/167) 88.6% (148/167)

* Malaria P. vivax infection

% % False positivity associated with positive rheumatoid factor (RF)

% % %k

further follow-up. Two other patients treated with
Sulfadoxine-Pyrimethamine (Fansidar®) following
recrudescence after chloroquine treatment failure gave
the faintest positive signal until day 7, and had a defini-
tive negative signal by day 14 and until the end of the
follow-up.

Analytical sensitivity

Comparison of end-point sensitivity (detection
limit) by serial dilution as against parasitemia per u/ of
blood by microscopy showed that the minimum sensitiv-
ity of Determine™ Malaria Pf could be at least 30-50
asexual forms per u/ (Table 6). And from field sam-
ples, parasite counts of 32, 40, 40 and 80 asexual forms/
ul by microscopy were all positive on Determine™
Malaria Pf.

Interfevence and rheumatoid factor tests

All 5 P. falcipurum positive specimen and 5 negative
specimen were not affected by triglyceride and bilirubin
up to 1,000 mg/d/ and 20 mg/d! respectively (Table 7).
Table 8 shows the specificity data of patient samples
from Japan, where false positivity in the 3 rapid HRP-
2 tests are associated with positive RF test results in
more than 509 of false positive patients.

DISCUSSION

Malaria is of major public health importance and
ranks among the top ten leading causes of morbidity in
the Philippines, especially in rural areas. It remains
endemic in 63 out of 76 provinces in the country.
Detection of the malaria parasite by microscopy
remains as the standard operational diagnostic proce-
dure. Unfortunately, especially in the remote areas
where malaria is highly endemic, microscopy is not
readily accessible and it can take as long as 2-3 weeks

Inadequate blood sample in one patient, hence could not be tested for RF

before slide results are available (WHO, 1996). Hence
the delay in the diagnosis and treatment of cases con-
tribute to the continuing transmission in these areas.
Because of the scarcity of microscopes and well-trained
microscopitst to read the slides, there is a need for more
rapid and simple diagnostic tests that can be carried out
with ease in remote areas by a village health worker
with minimum training.

This study compared the diagnosis of malaria by a
new rapid test, Determine™ Malaria Pf, with standard
microscopy and 2 other commercially available HRP-2
antigen tests, and found that the 3 methods yielded
comparable results. Blood films identified positive by
the gold standard microscopical diagnosis were mostly
positive by ICT Malaria Pf™, ParaSight™ F and
Determine™ Malaria Pf . That one suspect Pf sample
was strongly positive by the 3 HRP-2 tests and not
detected on blood film may be explained by the fact that
the kits detect circulating antigen which may still be in
the blood 6-14 days post-treatment (Shiff et al., 1993;
Singh ef al., 1997). Another possible explanation for
this discrepancy is subpatent parasitemia not detected in
the peripheral circulation with or without treatment.
The study of length of antigenemia was done in El Nido,
northern area of Palawan island, being famous as
endemic area of P. falciparum and people in this area
had been infected by P. falciparum repeatedly since their
infancy. As we had appropriately observed in 1 re-
crudescing case, the Determine™ Malaria Pf remained
positive even after the blood films were negative for 2
weeks, only to give a stronger signal (again) when the
blood films became positive by the 3rd week (day 21).
In 2 other patients who received sulfadoxine-pyrimeth-
amine following treatment failure with chloroquine, the
HRP-2 test was negative by the second week even if
gametocytes were still present in the blood films. A
highly efficaceous drug will eliminate parasites in a
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shorter time hence antigenemia will also be shorter.
These observations indicate the potential of Deter-
mine™ Malaria Pf as a diagnostic tool to predict early
treatment failures in areas where resistance to currently
used antimalarials is an emerging problem. It can be
used to monitor iz vivo response to antimalarial treat-
ment (Di Perri ef al., 1997), but more field tests may
have to be done.

The present study shows that Determine™ Malaria
Pf is highly sensitive and specific, comparable with
other HRP-2 tests (Schiff ef al., 1993; Beadle et al.,
1994; Valecha ef al., 1998). In the analytical sensitivity
tests, the lower detection of 30-50 parasites/u!/ indicated
by a faint positive signal on Determine™ Malaria Pf
makes it superior to microscopy, since a longer exami-
nation time and expertise is needed with the latter.
From field samples, parasite counts of 32, 40, 40 and 80
asexual forms/u/ by microscopy were all positive on
Determine. The lowest parasite count of 32 ring forms/
ul in one patient was positive by ParaSight™ F and
Determine™ Malaria Pf with a weak signal, but nega-
tive by ICT Malaria Pf™. A similar finding was
observed with the serial dilution of one positive sample
wherein the corresponding intensity of the signal was
graded (Table 6). Craig and Sharp (1997) reported that
an expert microscopist can detect 80 parasites/ul/ with
good reproducibility, and that sensitivity of microscopic
detection diminishes with counts less than 50/ui. Deter-
mine™ Malaria Pf would therefore have the same detec-
tion sensitivity as an expert microscopist, but at a
shorter time and with less training or expertise and
equipment needed.

A relatively high false positive rate with all 3
HRP-2 tests was observed in patients from Tokyo,
associated with the findings of high rheumatoid factor
(RF). 829% of this Japanese study population was over
40 years old. Tohge et al. (1991) reported that the
average RF value in a population of 20-29 year old was
3.5 IU/m!, significantly lower than in the 40-49 year old
age group which had 6.3 IU/m/, and 5.6 IU/m/ in the 50-
59 year old age group. 19.8% (32/162 excluding untested
inadequate samples) of the Tokyo study population was
RF positive, coming mainly from an elderly age group.
Grobusch et al. (1999) reported that ICT Malaria Pf™
and ParaSight™ F showed high false positives in RF
positive specimen, 6.69% and 16.59%, respectively. Bar-
toloni et al. (1998) also showed 68.49% (13/19) false
positives with ParaSight™ F in RF positive specimen,
and mentioned a prevalence rate of 5% in healthy
persons and 10-2094 in over 65 years old. We cannot
discount the possibility that the relatively high false

positives associated with positive RF tests accounts for
the significant change between the gold standard and
each HRP-2 kit (by McNemar’s test). Relatively high
false positive rates of HRP-2 tests in RF positive speci-
men was considered a general issue for HRP-2 detecting
kits (Grobusch et al, 1999). This may need to be
investigated further in malaria endemic areas across
population age groups.

Technical difficulties and discrepancies in micro-
scopic readings are a common problem in the field. In
one field survey in Quezon, Palawan, 6 P. falciparum
false positive slides were read by an inexperienced field-
based microscopist, which were all negative on the 3
HRP-2 tests. Some ICT Malaria Pf™ tests were
invalidated as there was no band formation on the
positive control of the test card. This technical variabil-
ity may be due to lot variation of the kits. In a field
situation, the reliability of each test, the ease with which
it is performed operationally, the rapidity of yielding
results in a large number of sick patients and the eco-
nomic costs are all very important factors to consider.
Since the HRP-2 tests are specific for P. falciparum, it
still has its limitations in areas where the prevalence of
other species such as P. wvivax are just as high, and
relapsing infections contribute significantly to the
malaria morbidity in these regions.

Determine™ Malaria Pf is a very simple, rapid,
easy-to-read and convenient diagnostic test with excel-
lent sentitivity and specificity for field use. Further-
more, comparing with other HRP-2 tests, Determine™
Malaria Pf has some advanced features. Though final
reading time is designed as 30 min, it is easy for every
technician to see a clear red line in patient bar within
2-5 min in case of strong positive specimens. Assay
procedure needs only 2 steps while ParaSight™ F needs
6 steps and card type device is easy to handle and keep
it. Storage condition is 2-30°C so that device could be
stored in room temperature. Required sample volume is
only 2 x/ and unique sample collecting device is attached
for easy to apply sample to card. As ParaSight™ F
needs 50 ul sample, it is difficult for infant malaria
patient to collect large volume. Though some ICT
Malaria Pf™ tests were invalidated showing no band
formation on the positive control of the test card, invalid
result was not occurred in Determine™ Malaria Pf
during this study. Its marked simplicity and reliability
puts it at a greater advantage than other rapid tests,
with the provision that its price can be as competitive
and economically affordable in developing countries
where its ultimate usefuness will be put to test.
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Abstract: The variation of Paraguayan Trypanosoma cruzi isolates was examined using the unweighted pair
group method analysis (UPGMA) based on the resulting matrix of the Dice similarity coefficients of random
amplified polymorphic DNA (RAPD) profiles. These isolates were also compared with the established
strains isolated from Brazil, Chile and Colombia in South America. Of 9 Paraguayan isolates, 3 isolates were
similar to the Berenice, Y and Sao Felipe strains (zymodeme type; Brazilian Z2), respectively, isolated from
Brazil, and 4 strains were similar to the Tulahuen strain from Chile. There was no isolate similar to the

Colombiana I strain (Z1) from Colombia.

Key words: Trypanosoma cruzi, Chagas’ disease, Paraguay, random amplified polymorphic DNA (RAPD),
unweighted pair group method analysis (UPGMA)

INTRODUCTION

Chagas’ disease caused by Trypanosoma cruzi, is
widely distributed in South and Central America and
represents a considerable health problem. In Paraguay,
20-309% of the population is infected in endemic areas
(Rojas de Arias et al., 1984), where Triatoma infestans
is a responsible vector for the domestic transmission of
T. cruzi (Canese, 1978). In Paraguay, about 30% of the
patients infected with 7. cruzi have cardiac symptoms,
but digestive symptoms are rare (Canese et al., 1972).
The multiform symptoms of Chagas’ disease might be
caused by genetic differences in 7. cruzi strains (Miles
et al., 1981).

The classification and identification of 7. cruzi

strains has mainly depended on by zymodeme analysis
(Ebert, 1982; Miles and Cibulskis, 1986; Higo et al.,
1997). Schizodeme analyses have been adopted for
classification of 7. cruzi strains using kinetoplast DNA
restriction fragment length polymorphism (Carreno et
al., 1987, Mimori et al., 1992) and polymerase chain
reaction (PCR) methods (Avila et al., 1990). Recently,
random amplified polymorphic DNA (RAPD) analysis
using arbitrarily-primed polymerase chain reaction
(AP- PCR) have been also adopted for classification of
T. cruzi strains because of its sentitivity and besides the
point that it does not require sequence information for
primer design, and recommended the RAPD analysis
method as a useful tool for the study of parasite popula-
tions (Steindel ef al., 1993; Brisse et al., 1998; Gomes et
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al., 1998).

In the present study, we conducted an RAPD analy-
sis on T. cruzi isolates from different endemic areas of
Paraguay and compared them with established strains
from Brazil, Chile and Colombia using the Dice similar-
ity coefficient.

MATERIALS AND METHODS

Parasites:

Seven T. cruzi isolates were from Chagas’ disease
patients, 3 males and 4 females, and two isolates were
from vector insects in endemic areas of Paraguay, South
America. Three strains were isolated from patients of
the acute Chagas’ disease with Romana’s sign or
oedema; JAG strain from Ita Moroti in Department of
Paraguari, MG from Ygatimi in Canindeyu and RF from
Altos in Cordillera. Two were from seropositive (IgG)
patients without the symptoms of the disease; DG from
Paraguari in Paraguari and LO from Tobati in Cordi-
llera. The other patients have chronic chagasic car-
diopathy; CIR from Quiindy in Paraguari and ARM
from Villeta in Central. Two strains were isolated from
Triatoma infestans, 201 and 204, captured in two houses
of Ypahu in Paraguari, which is a highly endemic area
of Chagas’ disease (Table 1). Five established 7. cruzi
strains, i.e., Colombiana I (Z1 by zymodeme classifica-
tion) from Colombia, Y, Berenice (Brazilian Z2) and
Sao Felipe (Brazilian Z2) from Brazil, and Tulahuen
from Chile, were used for comparison with the Par-

aguayan strains. The 7. rangeli, Leishmania amazonen-

sis, L. guwyanensis and L. mexicana were also examined
for comparison.

DNA preparation:
T. cruzi epimastigotes were cultured in a Schneider’s

medium with 159§ fetal bovine serum at 26°C and
washed with physiological saline, then the parasite
pellets were suspended in SE buffer (0.15 M NaCl, 0.1 M
EDTA, pH 8.0), lysed with sarkosyl and digested with
proteinase K at 60°C. The kinetoplast DNA-enriched
materials were collected by centrifugation (16,000 rpm
for 90 min at 4°C), extracted by phenol/chloroform and
precipitated by ethanol (Mimori et al., 1992). These
DNAs were used as the templates for AP-PCR.

PCR amplification and polyacrylamide gel electrophor-
esis:

The protocol of AP-PCR was based on our method
for Leishmania parasites (Mimori et al., 1998). Each
amplification reaction was done in a final volume of 15
! reaction solution containing 200 M each dNTP, 10
mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, and
30 ng template DNA, 150 ng primer, 0.3 Units r 7Tag DNA
polymerase (Takara), and was performed on a
GeneAmp PCR System 2400 (Perkin Elmer). The fol-
lowing 6 primers were tested for the amplification of
Trypanosoma DNA: FL-S (5-GCCATGCAGCAGCC-
CTTCAATTAC-3), M-13 (5-GTAAAACGACGGC-
CAGT-3), LS-3 (5-AAGTGTTGATACCCACTTT-
GT-3’) FL-AS (5-GTGCTTCTCTTAGAGCTTATAT-
AAGCC-3’), PDR2-S (5-CTGGTAAGTTTAGTCTT-
TTTGTC-3") and PDR2-AS (5-GTGCCAAGCTTG-
CATGCCTG-3’). The reaction mixture was subjected
at 94°C for 5 min for the initial denaturation, and was
subjected to the initial 10 cycles though the following
profiles: 94°C for 30 sec for denaturation, 37°C for 30 sec
for annealing and 72°C for 30 sec for extension, followed
by 30 cycles where the annealing step was altered to
60°C. Finally, the mixture was subjected to 72°C for 7
min, and stored at 4°C. Each 7 u/ of PCR product were
analyzed by electrophoresis in 6% polyacrylamide gels

Table 1 Paraguayan Trypanosoma cruzi isolates used in this study

Isolate Host (Age and sex) Phase Locality
RF Man (7, M) Acute Altos (Cordillera)
~JAG Man (12, M) Acute Ita Moroti (Paraguari)
MG Man (41, M) Acute Ygatimi (Canindeyu)
DG Man (45, F) Indeterminate Paraguari (Paraguari)
LO Man (15, F) Indeterminate Tobati (Cordillera)
ARM Man (59, F) Chronic cardiopathy Villeta (Central)
CIR - Man (65, F) Chronic cardiopathy Quiindy (Paraguari)
Vector
201 Triatoma infestans Ypahu (Paraguari)

204 Triatoma infestans

Ypahu (Paraguari)




at 100 V for 1 hr. The gels were stained by the silver
nitrate staining.

Data analysis:

Phenetic trees based on the Dice similarity coeffi-
cient (Dice, 1945) between all possible pairs in an analy-
sis group were constructed. The similarity coefficient
between an isolate 1 and an isolate 2 was calculated in

(A
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the following formula. The similarity coefficient S=2a/
2a-+b+c; a=the number of bands present in both iso-
lates, b=the number of bands present in an isolate 1 and
absent an isolate 2, and c=the number of bands present
in an isolate 2 and absent in an isolate 1. These data
were compared by means of an UPGMA. The phenon
line, which was marked on the phenetic tree of UPGMA,
is the average of the similarities among all possible

2 3 4 5 6 7 8 9

Figure 1 RAPD products of established and Paraguayan Trypanosoma cruzi strains using arbitrary
primers FL-S(A), M-13(B) and LS-3(C) separated on 6% polyacrylamide gels stained
with silver. (M); 1 kb ladder. C; Colombiana I, Y; Y strain, T; Tulahuen, B; Berenice, S;
Sao Felipe, 1; CIR, 2; JAG, 3; RF, 4; MG, 5; DG, 6; LO, 7; ARM, 8; 201 and 9; 204.
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Figure 2 UPGMA dendrogram of the established and Par-
aguayan 7. cruzi strains based on the Dice similar-
ity coefficients of RAPD profiles (average data of
the matrix with the primers FL-S, M-13 and LS-
3). The vertical bar indicates the phenon line. C;
Colombiana I, Y; Y strain, T; Tulahuen, B; Ber-
enice, S; Sao Felipe, 1; CIR, 2; JAG, 3; RF, 4; MG,
5; DG, 6; LO, 7; ARM, 8; 201 and 9; 204.

pairs, and indicates separation among groups (Steindel
et al., 1993; Vidigal et al., 1994).

RESULTS AND DISCUSSION

" The random amplified polymorphic DNA (RAPD)
patterns of AP-PCR were compared among Paraguayan
isolates and established strains of 7. cruzi, T. rangeli
and Leishmania strains. Six arbitrary primers were
tested for the amplification of parasite DNA, and three
primers (FL-S, M-13 and LS-3) were found to give the
clear consistent DNA fingerprinting patterns for the
strain-comparison as shown in Figure 1. The Colom-
biana I strain had a DNA profile very different from
those of the others. The Y, Berenice and Sao Felipe
strains were similar to each other. The DNA profile of
the Tulahuen were slightly different from the others.
There was a similar tendency of the division of Par-
aguayan and established strains among RAPD profiles
with each primer. The DNA profiles patterns of 7.
rangeli and 3 Leishmania strains were completely differ-
ent from those of 7. cruzi strains (data not shown). As
well as the zymodeme analysis, RAPD was successfully
used for classification of 7. cruzi variants (Steindel et
al., 1993; Brisse et al., 1998; Gomes ef al., 1998).
Moreover, it was indicated that RAPD analyses might
make a major contribution to the study of the genetics
of the snail, Biomphalaria glabrata, an intermediate host
for Schistosomiasis (Vidigal et al., 1994). Our condi-
tions of PCR method and arbitrary primers were differ-

ent from those of previous research, however, we were
also able to construct the appropriate grouping of 7.
cruzi. This method is an useful technique for the classi-
fication of T. cruzi strains without requiring much
amount of DNA.

Dice similarity coefficients between two strains
were calculated according to the method described in
materials and methods. The construction of the
UPGMA dendrogram of Paraguayan and established
strains was based on the average data of the matrix of
Dice similarity coefficients in the RAPD profiles with 3
primers. These strains of 7. cruzi were divided into 5
distinct groups as indicated by the position of the phenon
line. Of 9 Paraguayan isolates, 3 isolates (CIR, JAG and
ARM) were similar to the Berenice, Y and Sao Felipe
strains isolated from Brazil (zymodeme type; Brazilian
Z2), respectively, and 4 strains (DG, 204, LO and MG)
were similar to the Tulahuen strain from Chile. There
was no Paraguayan isolate similar to Colombiana I (Z1)
from Colombia in this study. The classification by
present RAPD profiles were also paralleled to analyses
of our restriction enzyme analysis previously reported
(Mimori et al., 1992) and those of zymodeme analyses
(Ebert, 1982; Higo et al., 1997). We were able to
construct the appropriate grouping of T. cruzi. The
RAPD profiles were easy and convenient as a classifica-
tion of 7. cruzi organisms.

It is interesting that the strains in the same groups;
3 strains (CIR, JAG and ARM) and 3 strains (DG, 204
and LO) were isolated from near endemic areas, respec-
tively. The ubiquity observed in the strains studied in
the work, as well as in other investigations has been
explained by the clonality criteria used mainly in studies
employing zymodeme techniques (Tibayrenc et al.,
1984). The fixed heterozygosity observed in several loci
over time and in distant geographical areas is due to the )
absence of meiotic segregation in T. cruzi populations
(Tibayrenc and Ayala, 1988; Lewicka et al., 1995). In
this study, we found no correlation between the path-
ogenicity and the DNA profiles of 7. cruzi strains. A
further detailed analysis for more different strains
might clarify this correlation in this country.
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Abstract: In order to increase our knowledge of the epidemiology for our patient population, we retrospec-
tively analyzed the data obtained from stool samples received at Tropical Disease Research Center,
Airlangga University during a five year period. Isolation frequency of enteropathogens from diarrheal stools
from 1993 to 1997 were examined in Surabaya, Indonesia. A total of 1,477 hospitalized pediatric patients
under 2 years of age with acute diarrhea were enrolled. Bacterial enteropathogens other than Campylobacter
jejuni and Clostridium difficile were positive cumulatively in 1,086 cases out of 1,477 (73.5%), and the annual
isolation frequency ranged from 61.19% to 82.4%. Rotavirus was detected cumulatively in 408 cases out of
1,184 examined (34.5%), and 210 cases of 408 (51.5%) were co-infected with diarrheagenic Escherichia coli.
Generally, diarrheagenic E. coli were dominant isolates (53.8%) while Vibrio cholerae Ol, Aeromonas
hydrophila, Salmonella spp. and Shigella spp. were also isolated from the patients with lower frequencies.

Key words: isolation frequency, enteropathogens, diarrheal stool, Surabaya, Indonesia

INTRODUCTION

Diarrhea remains a frequent disease worldwide,
with attack rates estimated to be from 2 to 12 or more
diarrheal episodes per person annually (Bern ef al,
1992). It was the first leading cause of death among
young children in developing countries until 1980s.
Although the mortality of diarrheal disease in the past
decade appears to be decreasing because of intensive
world wide promotion of Primary Health Care (PHC)
activities including the enhancement of oral rehydration
therapy (ORT), it still remains as a major cause of
death among young children in these areas. About 3.3
million children younger than 5 years die each year from
diarrhea (Bern et al., 1992). ,

Moreover, about 10%-50% of tourists to the Third
World develop traveler’s diarrhea (Echeverria ef al,

Tropical Disease Center, Airlangga University
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Tomogaoka, Suma-ku, Kobe 654-0142, Japan

1981; Serichantalergs ef al., 1997). From these view-
points, diarrheal disease should be regarded as a global
health problem. In order to increase our knowledge of
the epidemiology for our patient population and monitor
the situation of diarrheal diseases in Surabaya, we
retrospectively analyzed the data obtained from stool
samples received at Tropical Disease Research Center,
Airlangga University during a five year period.

MATERIALS AND METHODS

Patients: A total of 1,477 patients with acute diarrhea at
Dr. Soetomo Hospital in Surabaya during the period
from January 1993 to December 1997 were examined.
They were children under 2 years of age and were
admitted to the hospital.

Specimens: Stool samples were taken before giving
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Table 1 Isolation frequency of enteropathogens

1993

1994

1995

1996

1997

0,

No. (%)  No.(%)  No (%)  No. (%)  No.(y)  Tlotal(%)
No. 461 303 250 144 319 1,477
examined
No. pathogen
Dociting 351(76.1)  234(77.2)  206(82.4) 88(61.1)  207(64.8) 1,086(73.5)
No. pathogen
hevathe 110(23.9) 69(22.8) 44(17.6) 56(38.9)  112(35.2)  391(26.5)
giacr;zeagenic 292(63.3)  185(61.1)  164(65.6) 60(41.7) 93(29.2)  794(53.8)
Shigella 32 (6.9) 20 (6.6) 21 (8.4) 5 (3.5) 4 (1.3) 82 (5.6)
Salmonella 35 (7.6) 13 (4.3) 4 (1.6) 0 (0 12 (3.8) 64 (4.3)
Aeromonas 13 (2.8) 5 (1.7) 0 (0) 0 (0) 0 () 18 (1.2)
V. cholerae Ol 32 (6.9) 19 (6.3) 27(10.8) 4 (2.8) 6 (1.9) 88 (6.0)
K. oxytoca 10 (2.2) 5 (1.7) 6 (2.4) 5 (3.5) 5 (1.6) 31 (2.1)

antibiotics. Self medication prior to visiting the hospital
could not be completely excluded. An appropriate
amount of stool was collected in a plastic container.

Microbiological examinations: The target bacteria for
isolation from all patients were Vibrio, Aeromonas,
Salmonella, Shigella, E. coli and Klebsiella oxytoca. Ten
fold dilution of stool samples were made in sterile
normal saline solution, and one loopful of the dilution
was *‘streaked on to Thiosulphate Citrate Bile salt Su-
crose agar (TCBS agar, Eiken), Salmonella-Shigella
agar (SS agar, Eiken) and modified Drigalsky medium
(BTB agar, Eiken). The colonies grown on agar plates
were identified by routine laboratory tests. For the
detection of Rotavirus, the stools were diluted ten times
in buffer solution and were centrifuged and a drop of
supernatant was mixed with a drop of anti-rotavirus
antibody sensitized latex (Biomerieux) on a slide glass.

RESULTS

Enteropathogenic bacteria were isolated
cumulatively from 1,086 cases out of 1,477 examined

Table 2 Detection rate of rotavirus

(73.5%), and the annual isolation frequency are shown
in Table 1. Diarrheagenic E. coli (DEC) were isolated
from more than half of specimens examined (53.8%).
The isolation rate of DEC among pathogens was 73.0%.

Shigella spp., Salmonella spp., Aeromonas spp. and
V. cholerae Ol were also isolated with lower frequencies
of 7.6%, 5.8%, 1.7% and 8.19%, respectively. Rotavirus
was detected cumulatively in 408 pediatric diarrhea
cases out of 1,184 examined (34.5%), however, diarr-
heagenic E. coli were also isolated cumulatively from
210 cases of the 408 (51.59¢) with rotavirus-positive
diarrhea. The annual detection rates of rotavirus are
shown in Table 2.

DiscussioN

The isolation rate of enteropathogens from diarr-
heal stools is largely dependent on the effort of the
person conducting the examination. In well conducted
studies, the isolation rates of bacterial enteropathogens
from diarrheal stools in developing countries have been
reported as about 40 to 60% (Adkins et al, 1987;

1993 1994 1995 1996 1997  Total
(%) (%) (%) (%) (%) (%)
No. examined 168 308 250 144 319 1,184
No. ratavirus
P 56(33.3)  95(31.4)  71(28.4)  52(36.1) 134(42.0) 408(34.5)
rotavirus and DEC  y376 4)  61(64.2%)  43(60.6*) 22(42.3*) 41(30.6*) 210(51.5%)

both positive

DEC: diarrheagenic E. coli.

*: The percentages of DEC positive cases among rotavirus positive cases.



Iwanaga et al., 1993; Kain ef al, 1991, Rohner et al.,
1997; Siddique et al., 1992).

The present study revealed the isolation rate of
73.5%. And it may be possible to increase the isolation
rate by using enrichment media such as Selenite-F broth
for Salmomnella, alkaline peptone water for Vibrios, and
ampicillin blood agar for Aeromonas. Adkins et al.
(1987) reported that approximately 60% of Salmonella
isolates were obtained only after enrichment (Adkins et
al., 1987).

Three to four colonies of E. coli isolated from each
sample were examined only for their serogroup based
enteropathogenicities in the present study. Therefore, if
enterotoxin production was examined, the isolation
frequency of pathogens would be higher than the present
report. However, it should be noted that serogroup
based enteropathogenicities are not necessarily compat-
ible with the real pathogenicities. Therefore, if gene
analysis such as detection of eaeA, bfp, and IpaH for
enteropathogenic E. coli and enteroinvasive E. coli were
carried out, the isolation frequency of pathogens would
go dows. Recently, Rohner et al. (1997) reported an
isolation rate of 8.8% for total of 3 genera (Salmonella
spp., Shigella spp. and Campylobacter spp.) from 3,837
stool samples originating from pediatric patients in
Switzerland. Although the pediatric cases were not
separately analysed, Campylobacter revealed the highest
isolation rate in total of 13,965 samples from 7,124
patients including adult cases (Rohner et al., 1997).

In the present study, DEC was predominant isolates
whereas the isolation rate for Shigella spp., Salmonella
spp. were 5.6% and 4.3% respectively, yielding a cumula-
tive isolation rate of 9.99. Shigella spp., Salmonella spp.
and Campylobacter spp. are known to cause mainly
community-acquired diarrhea (Barbut et al, 1995).
And rotavirus may cause both community-acquired and
nosocomial diarrhea, with the latter being a particular
cause of diarrhea in children (Iwanaga et al., 1993).
Rotavirus was detected cumulatively in 34.59% of infan-
tile diarrhea during 5 years study with no definite sea-
sonal variation. This epidemiological feature is in
contrast to that in Japan where the epidemic of rotavir-
us infection is concentrated in the first 3 months of the
year (Fujita, 1990). The reason for this epidemiological
contrast is of great interest in the field of tropical
medicine and public health. More than one half of the
cases with rotavirus infection were also infected with
another enteropathogens. The pathogenic role of micro-
organisms in the dual infection is obscure.

The recent emergence of a new serovar of non-Ol
Vibrio cholerae in India suggests the necessity of contin-
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uous monitoring for etiologic agents of diarrheal dis-
eases (Albert et al., 1993; Ramamurthy ef al., 1993).
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