228 B 45 A6 F128

)

o

i

I
RIFERTO 140 CEFXK (HCV) BEMBETO HCV v A V AEEFRR KR EL & E2/NSI 55
HESUR OB E-FIT (3E30)
................................................ gﬁ % = 169‘177

77 FAHFEK BT 2 5 LOMBEFHTEE (FEX)
................................................ I #E, BPh #HE, Miguel H. Jurado,
HI IEA, ILF B8, =& #Ee, FE @
Eduardo A. Gomez, IR ER, B ZFEA - 179-184

I VT FHEEL T AT uF 2 RIS L RBORERICOWT
................................................ =3 T T 1)

HEZBU 38mM~> Y 7
—IM/IMREIC & DB LI B2 o N2 8EE~ S5 ) 7 1 5EFI % e —

................................................ g §§Z, %7’( s T PR 193-198
RIBTH ORGER & ALERIC 51 2 ARG OE S & BRBRRD g (H#X)
................................................ /J\EH j], ;Eﬂ‘( fﬂ, Eﬁ E}ﬁ, EJ][ %(k’
BEHAE—BE, /NI (REE, (Ll —BB, 8RE =,
E*EEES‘ ...................................................... 199-206
VYOEVEETROE SN AF Y 72HE | FiEORHE (FEX)
................................................ %Iﬁ 9_21’?, %7[( ﬁ 07-210
HE/— 1t
F V=7 ORZEMFE W & 2BHE~ 7 ) 7 ERORBRENHEMEAE ()
................................................ Thomas B. Nyambo, @E ’g: creerseiinenns 211915

(B o w <)

FOUNDED 1959




g2 =®
AV RA Yy 7EEIFAOFERBERI (FX)
................................................ e e & A, % B, RE S5,
Hﬁg ﬁé¥’ %EWE—-EB .................................... 217_218

EGIHE
77 RARHECB T2 500 2 BIORR & EERZORA (330
................................................ el %, g5 F#, Juan J. Alava P,
Eduardo A. Gometz L., Hugo M. Jurado S.,

%D %K ...................................................... 219_223
HAZEEZ S ¥ TR HABFEXS
EBREELT (=1 I Y - -
19944E128158  FIRI EDRIFT @0 M A0 & BN R
19944€12815H H47 SHETHEREI1007-2 (3854)

®0957-22-6000

AEEOTITIC I 2 OB O—I & XIRERIEFRRME
(FERRAFEER) Ik o572,



Jpn. J. Trop. Med. Hyg., Vol. 22, No. 4, 1994, pp. 169-177

169

- GENOTYPE IDENTIFICATION OF HEPATITIS
C VIRUS (HCV) ISOLATED FROM A SINGLE
JAPANESE CARRIER IN NAGASAKI PREFECTURE
AND GENOME ANALYSIS OF E1 AND E2/NS1
ENVELOPE GLYCOPROTEIN REGIONS

WEI-YUN ZHENG
Received September 20, 1994/ Accepted October 30, 1994

Abstract: The nucleotide (nt) sequence of a Hepatitis C virus genome (HCV-N) which was derived from
a single Japanese patient’s serum in Nagasaki Prefecture has been determined by multiple clones coverning
22 overlapping regions of the HCV geneme. The sequenced region consisted of 9295 nt, including 248 nt of
5-untranslated region (UTR), a single large open reading frame (ORF) encoding a polyprotein of 3010
amino acids (aa) and a 17 nt of 3-UTR. Phylogenetic analysis indicated that HCV-N belongs to II/1b
genotype of group 1. Two other Nagasaki HCV strains (HCV-N1 and HCV-N2) were also sequenced in
the E1 and N-terminus of the E2/NS1 regions. Two hypervariable regions (HVR 1 and HVR 2) were found
in the N-terminus of E2/NS1 region among 3 Nagasaki strains and 7 other HCV strains with published
sequences. Two well-conserved aa sequences were also identified among 10 HCV strains in the E1 and N
-terminus of the E2/NS1 regions. The results will be useful for future understanding on the pathogenesis,
virological diagnosis and development of vaccine for HCV.

INTRODUCTION

Hepatitis C virus (HCV) is the major cause of nonA
-nonB (NANB) hepatitis, and chronic infection with
HCV has been linked to the development of liver cirrho-
sis and hepatocellular carcinoma (Plagemann, 1991).
Many entire and partial HCV sequence informations
published so far have shown that HCV genome consisted
of about 10 Kb single-stranded positive-sense RNA with
5'UTR, a single long ORF followed by 3'UTR. The viral
genome organization resembles that of the flaviviruses
and pestiviruses (Kato ef al., 1990; Plagemann, 1991).

Since Choo et al. (1989) cloned the genome of an
RNA virus from the plasma of a chimpanzee inoculated
with plasma from patient with NANB hepatitis and
designated it as HCV, entire sequences have been report-
ed for at least 15 HCV strains. There are: HCV-] (Kato
et al., 1990), HCV-1 (Choo et al., 1991), HCV-H (In-
chauspe et al, 1991), HCV-BK (Takamizawa ef al.,
1991), HC-J6 (Okamoto et al., 1991), HC-J1 (Okamoto
et al., 1992a), HC-J8 (Okamoto et al., 1992b), HC-J4/
83, HC-J4/91 (Okamoto ef al., 1992c), HCV-JT (Tana-

ka et al., 1992), HCV-T (Chen et al., 1992), HCV-JK1
(Honda et al., 1993), HC-C2 (Wang et al., 1993), HC-G9
(Okamoto ef al., 1994) and NZL1 (Sakamoto et al.,
1994). Depending on the HCV sequence similarity, HCV
genome can be classified into 6 genotypes: I, II, III, IV,
V and VI as reviewed by Sakamoto et al. (1994), or into
6 major genotypes: 1 (a, b,c),2 (a,b,c), 3 (a,b), 4,5 and
6 (Simmonds et al., 1933b).

Recently, the newest classification has been sum-
marized by Sakamoto et al. (1994) who classified HCV
genome into 3 major groups with entire published
sequences. The entire HCV sequence of Japanese
strains have been assigned either to group 1 (I/la
genotype: HC-J1; I1/1b genotype: HCV-J, HCV-BK, HC
-J4/83, HC-J4/91, HCV-]JT and HCV-JK1) or group 2
(I1I/2a genotype: HC-J6; IV/2b genotype: HC-]8)
according to Sakamoto et al. (1994). In order to know
whether there is particular HCV in the local area of
Nagasaki, Japan, HCV patient serum which came from
Nagasaki Prefecture was obtained and the genome
sequence of the HCV-N in this serum was determined
by multiple overlapping clones.
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In order to see the genetic variability of HCV in the
Nagasaki area, HCV genome sequence in 2 more HCV
patient sera in Nagasaki Prefecture (HCV-NI1 and
HCV-N2) were also analyzed similarly in the E1 and N
-terminus of the E2/NS1 envelope glycoprotein regions.
Two hypervariable regions have be found among these 3
Nagasaki HCV strains using the sequence diversity
comparison with published sequence data of 7 HCV
strains.

MATERIALS AND METHODS

RNA extraction from HCV patient serum

Serum samples were obtained from NANB patients
in Nagasaki Prefecture which were kindly provided by
the Second Department of Internal Medicine of Nagasa-
ki University Hospital. These patients were confirmed
to be infected with HCV by anti-C100 HCV ELISA Kit
(Ortho Diagnostic Systems, Tokyo, Japan) and HCV
reverse-transcription polymerase chain reaction (RT
-PCR) as published by Kurihara (1992). One hundred
microliters of HCV patient serum was mixed with 20 gl
of 10% sodium dodecyl sulfate (SDS) and 80 ul of
sterile distilled H,O at room temperature for 5 min.
HCV RNA was extracted with phenol / chloroform and
precipitated with 3 volumes of ice-cold absolute ethanol.
After storage at —80°C for 1hr, HCV RNA was pelleted
in an Eppendolf centrifuge with 15,000xg at 4°C for 30
min. The pellet was washed once in 70% ethanol,
vacuum dried and dissolved in 100 gl sterile distilled
water. RNA solution was stored at —80°C.
Selection and synthesis of oligonucleotide primers

Oligonucleotide primer sequences were selected
based on the published sequence data (Choo et al., 1991,
Takamizawa ef al., 1991) and gene walking method.
Oligonucleotide primers were synthesized by Applied
Biosystems Model 392 DNA / RNA Synthesizer and
confirmed for their purity by ion-exchange gel
chromatography (Gen-pack; Waters).
RT-PCR .

Ten microliters of RNA solution were added with
90 u1 of RT-PCR mixture [100 pmol of each primers, 0.2
mM deoxynucleoside triphosphate, 10 mM Tris (PH 8.
9), 1.5 mM MgCl,, 80 mM KCI, 0.5 mg of bovine serum
albumin per ml, 0.19% sodium cholate, 0.194 Triton X
-100, 10 U of reverse transcriptase (Life Science Inc.)
and 2U of Tth DNA polymerase, a thermostable DNA
polymerase (Toyobo Co.)]. The reaction mixture was
covered by 2 drops of mineral oil and incubated for 10
min at 53°C for RT. PCR amplification (94°C for 60 sec,
53°C for 90 sec and 72°C for 120 sec by thermal cycler;

Iwaki Co.) was started immediately after RT and
repeated 35 times. cDNA product was subjected to
agarose gel electrophoresis and visualized by ethidium
bromide staining.
Cloning and sequencing of HCV cDNA product

The amplified HCV ¢cDNA was excised from agar-
ose gel, phosphorylated with T4 polynucleotide kinase
(Nippon Gene Co.) and blunted with T4 DNA polymer-
ase (Takara Co.). The modified cDNA fragment was
ligated into Smal site of pUC19 and transformed into
Escherichia coli JM 109 strain. The recombinant pUC19
carrying inserted cDNA fragment was purified with
Wizard™ Minipreps DNA Purification System (U.S.
A.). The cDNA fragment sequence was determined in
both directions with sense and antisense primers by
dideoxy chain termination method using both S radio-
isotope-labeling (DNA Sequencing Kit Version 2.0, U.S.
A.) and fluorescent dye-labeled DN A sequencing system
(373A DNA Sequencer, Applied Biosystems). To avoid
sequence variability, 3 colones from each RT-PCR
product - were isolated independently for nucleotide

sequence determination.

Analysis and homology comparison in nucleotide
and deduced amino acid sequences were carried out for
HCV-N and 7 other HCV strains with published entire
sequence, using a computer system with DNASIS Mac
Version 2.2, NEW CD2 system (Hitachi Software Engi-
neering Co., Ltd, 1992).

RESULTS

The genome characterization of HCV-N

Multiple cDNA clones were isolated from alto-
gether 22 overlapping regions which covered almost
entire genome of HCV-N, except extreme 5 and 3’
terminals (Fig. 1). For each of the overlapping region,
3 independent cDNA clones were isolated from the RT
-PCR product and sequenced. The cleavage site of the
polyprotein coded by the ORF of the HCV-N genome
was assigned according to the publications by Okamoto
et al. (1992b) and Honda et al. (1993). Total length of
the sequenced region of HCV-N consisted of 9295 nt and
3010 aa, respectively (Fig. 2). The sequenced region can
be divided into 248 nt in the 5’UTR, 9030 nt in a single
ORF and 17 nt in the 3'UTR, respectvely. The ORF was
considered to be translated into C (191 aa), E1 (192 aa),
E2/NS1 (346 aa), NS2 (277 aa), NS3 (609 aa), NS4 (398
aa) and NS5 (997 aa) proteins.
Genotype classification and genome homology compari-
son among HCV-N and 7 other HCV strains with
published sequences
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Figure 1 Physical map of the HCV genome and locations of the
cDNA clones derived from HCV-N strain. Nucleotides are
numbered from putative 5’end as indicated on the top. The
genome organization of HCV is according to Okamoto et
al. (1994), showing coding region from structural proteins:
core (C), envevop (El and E2) to nonstructural proteins
(NS1-NS5) by blocks, untranslated region (UTR) (5’ and
3’) by bars. The order of clone number is based on the
cloning process.

Entire sequence informations have been published
for the following 7 HCV strains: HCV-1 (Choo et al,
1991), HCV-BK (Ta‘kamizawa et al., 1991), HCV-J
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(Kato et al., 1990), HC-J6 (Okamoto et al.,
1991), HC-J8 (Okamoto et al., 1992b), HCV
-JT (Tanaka et al., 1992) and HCV-T (Chen
et al., 1992). Homology comparison between
HCV-N and these 7 HCV strains was shown
in Table 1. The most conserved region is the
5 UTR which showed nt homology more than
91.5% among 8 HCV isolates. The sequence
homology of the C protein region was also
highly conserved (nt > 81.19%, aa > 88.5%).

In the putative E1 and E2/NS1 regions, the

HCV-N showed high homology with HCV
-BK, HCV-J, HCV-JT and HCV-T (nt > 84.
59, aa > 85.89;). Whereas HCV-N showed
low homology with HC-J6 and HC-J8 (nt <
638.89%, aa < 72.3%). Nt sequence homology
between HCV-N and HCV-1 in the E1 and
E2/NS1 regions was 73.7%, 74.5% and aa
sequence homology was 76.093, 81.2%, respec-
tively. From NS2 to NS5 regions, it was
evident that HCV-N is closer to HCV-BK,
HCV-]J, HCV-JT and HCV-T and remote
from HC-J6 and HC-J8, while HCV-1 seems
to be located intermediate. The total
sequence homology comparison among 8

HCYV isolates gave us a conclusion that HCV-N belongs
to HCV-BK/HCV-J/HCV-JT/HCV-T genotype. In
contrast, HCV-N is remote from J6 and J8 genotypes,

Table 1 Homology comparison of nucleotide and deduced amino acid sequence among 8
. HCV strains (HCV-N, HCV-1, HCV-BK, HCV-]J, HCV-JT, HCV-T, HC-J6 and
HC-J8). The homology is indicated by %. The nucleotide sequence homology is

shown in upper and amino acid sequence homology is shown in lower with

parenthesis, respectively.

HCV-N | HCV-N | HCV-N | HCV-N | HCV-N | HCV-N | HCV-N

Region & & & & & & &
HCV-1 | HCV-BK | HCV-] HC-J6 HC-J8 - | HCV-JT | HCV-T

Total 77.9 92.0 91.5 62.4 61.7 91.7 ©90.0
(84.5) (94.1) (93.7) (70.7) (69.2) (93.9) (92.1)

5UTR 48.8 | eez 98.4 94.0 91.5 99.2 99.2
c 90.7 96.0 95.8 83.0 81.1 95.1 93.9
(96.3) - (97.4) (97.9) (90.1) (88.5) (96.3) (93.7)

E1 73.7 89.0 91.7 60.1 56.7 92.2 91.1
(76.0) (89.6) (93.2) (52.9) (51.8) (92.2) (93.8)

74.5 " 85.7 84.5 68.8 66.8 84.7 85.3

E2/NS1L | (g1'9) (88.1) (86.1) (71.1) (72.3) (85.8) (87.0)
NS2 71.0 92.1 T 927 59.8 58.2 89.0 87.8
(74.4) (91.7) (94.9) (58.7) (56.2) | (92.4) (91.3)

NS3 78.1 90.7 90.4 . 69.9 69.8 91.1 89.4
(89.0) (93.4) (91.8) (79.3) (78.8) (94.9) (92.8)

NS4 78.9 93.1 92.7 66.8 67.0 93.5 89.9
(88.2) (97.5) (97.2) (74.1) (72.9) (97.0) (94.0)

NS5 78.8 93.5 92.7 59.5 59.2 93.1 918
(83.7) (96.3) (95.2) (71.8) (71.5) (95.2) (92.5)
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1 "GTGCAGOCTCCAGGACCCCCOCTOCC CCATACTOGTCTOCO0 60 2761 m‘lmm’fl\'l‘h’lﬂ'l"'l'TN‘MMI‘I‘I'IAI\N‘CN.NR‘((‘Nl‘(“(‘l\('l'lll‘ 2820
1 1 838 F L A RL I WWLOQY I T R A 858
61 AACX X "GACCGGGTCCTTTCTTGGATTAACCCGCTC 120 2821 XCCCCCTCTCAACETIC 20GOGATGE TCCTCACGT 2880
1 1 88Q VWV PPLNVRGGT RODATILTILTLT 878
121 AN T TUCTAGC! 3 180 2681 GO |\|Wnl\.l\L"\.NV\CI'l\'K‘(‘Il‘(K(AlM'l\'(l w 2940
1 1 878 C V V H P EL I SDITEKL v aAal 8y8
181 AAAGGCC TGCGAGTGCC TCGTAGAC 240 2941 CGCTCATGGTCCTCCAAGCTGGCATATCCAGACTGCCGTACTTOGTGCCTGCTCAAGGGE 3000
1 ¢ 1 B8P L M VLOAGISRLPYFVPAOQSG 918
241 COTGCACCATGAGCACGATCCTARMCCTCAMAGAAMACCAMCCTANCACCTACTEEC 300 3001 TCAT ATGC “GCTGGGGGCCATTATGTTCAAATGGCCT 3060
M STNPKPQRKTKRNTYR 18 918L 1 R A C MLV RKVY AGGHTYVQMA 938
301 Goee "COGGGCGGOGETY TTACCTGTTGC 360 3061 TOGK CATCTAACTCCACTGCAGG 3120
BRPQDVEKFPGGGQIVEGEVYLL 38 98 F M KLAALTGTTYVYDHLTPLDQ 958
361 C X AAC 420 3121 AT TICTCTG 3180
P RRGPRLGVRATRIKRKTSERSHQ Q 8 958D W P RAGLRDLAVAVETPVVFS 978
421 CK CTATCCCCAAGGCTCGCOGGECK TGGGCTC 480 3181 AC GC ATCATCT 3240
P R GRRQPIPEKARRPEGRTWA 78 978D M E T K I I T W G A DTAARACGT DT I 998
481 AGCH CTTGACOCC TCC 540 3241 YOGGCC 3300
7MQ PGYPWPLYGNEGMGWTGWL 98 98 S G L PV SARRRRETILTLTLGTPATDS 1018
541 TGTCACCCOGTOGCTOCCRGCCTAGTTGGEGGCCCCACGGACCCCOGGCGTAGGTCGCGCA 600 3301 T TCGOGCCCATCACGGCTTACTCCCAACAGACACGAG 3360
%L SPRGSRGPSWGPTDTPRTRIRSR 18 8L EGQGWRTLLAPITATYSO QO QTR 1038
601 AT TTACATGOGGCTTCGCCGACCTC ATCC 660 3361 GCCTACT ATCATCACTAGCC CAGGTCGAGOGOG 3420
18N L G KV I DTLTCGTFADTLMG YT 138 103G L LGCITITSLTGRDTEKTNOVES®G 1058
661 CoC GCTGCCAGGGCCCTGGCAC GGGTTC 720 3421 AGGTTCAAGAGGTGTCCACCGCAACACAATCTTTCCTGGCGACCTGCGTCAACGGOGTGT 3480
18P L VGAPLGGAARALATBKGYRYV 158 058E VQEVSETATO QSTFLAT CVNTGV 1078
721 "GTGAACTATGC TGCTCCTTTTCTATCTTCC 780 3481 GTTGGACTGTGT AA; TAGTCGGLCC) CAATTA 3540
15“‘5““""”""'5""“";5?5"’ 178 078C WTVEHGAGSKTILDVGPEKLG P 1 1098
781 TCTTGGC “CACCCCAGCTTCCGCGTATGAAGTGCGCAACGTCT 840 3541 CCC) AGGACCTCOTOGGC GCCOOGGTGOGC 3600
VAL LALLSCLTTPASAYEVRNY 198 T I S 14
841 CC ATGTCACGAACGACTGCTCCAACTY AGTGC 900
3601 GTTCCCTGACACCAGGCACCTGTGGCAGCTCGGTCCTTTACTTGGTCACGAGAAATGCTG 3660
9SG I YHVTNDCSNSSIVYEAVY a8 MBR S LT PGTCGS SV ILYLVTRNA 1138
901 GTGOCCTGOGTTC AACCTCTCCOGTT 960 GTACKL T o 9
28D M I 1DSPGCVPCVRENNLSR 238 e e S R
961 GCTGGGTAGCCCTCACTCCCACGCTCGOGGCCAGGAACCCCAGCGTCCCCACCACGACAA 1020 " CT AL TTOGGGGCACGCTGTGG 3780
8C WV ALTPTLAARNPSVPTTT 258 gl:éVsYLKGsscGPLLcF“écuAv 1178
1021 TACGACGCCACGTCGACTTGCTCGTTGGGGCGCTGCTTTCTGTTCCGCTATGTACGTGG 1080 3781 GOATCTTCCGGOCGGCTGTATCS TTCATACCCG 3840
2% 1 RRHVDLLVYGAAAFCSAMYV 278 176G I F R A AV CTRGVAKAMVYDFTIP 1198
1081 TTTCCTTGTCTCCCAGCTGTTCACCTTCTCGCCTCGOCGGT 1140 3841 TCGAGTCTA PATGCGGTOCCTTGTCTTCACAGACAACTCATCCCCTCCGE 3900
276 DL CGSVFLVSQLFTFSPRR 298 1N198V € S M E TTMRSLVFTDNSSP P 1218
114 AGGTCATCGCA 1200 3501 TCCCAC 3960
39"'5"'V°D°"°5'-Y"G""TG"R s 12BA V P QA F QVAHLHAPTGSGKS 1238
1201 TGGTCACCTACAGCAGOGC TAC 1260 3961 CCAAAGTGCCGGCTGOGTATGOGGCCCAAGGGTACAARGTACTCGTTCTCARCCOGTCCG 4020
3 8M A WDMMMNGWSPTAALYVVSQL 38 128T K V P AAYAAQGYKVLVLNZPS 1258
1261 TCOGGATCCCACAAGCC TGGGRGCCAC TCTGGCGG 1320
4021 TTGCOGCCACCTTAGGGT AGGCACATGGTACCGACCCTAACA 4080
VL RIPOQAVVDHNVAGGHWGV LA 458 126V A ATLGFGAYMSZKAHGTDEPN 1278
1321 TGGGCTAAGGTCTTGAT TACTCT 1380 4081 TCAGAAC 4140
WG L AYYSHVGNWAKRYLIVHLL 378 1261 R T G I RT I TTGAPTITGYSTYG 1298
-1 I'I\'l(‘m»('(‘l |rmx.fw:¢<ﬁv"m IYMMiKKKlX’I(KTMXX&ﬁ(K'M'l‘r\l'(‘l“k\: 1440 4141 mcﬂf\wrﬁ I'I“‘ll"ll!‘"(‘.’(‘{‘('lI\IY.A('A’I!‘AXMIAI\'“»AII'N']' 4700
'JISFAG DG TV VTGCGV QG RT T S LR 1296 K F L A D G G 5§ G 6 A Y D1 o1 1318
~' 1441 TGTTTACGTCCCTCTTCTCACCTGGGCATCCCAGAGAGTCCAGCTTATAAACACCAACG 1500 4201 GCCACTCAACTGACTCGACTACCATCTTGGGCATCGGCACAGTCCTGGACCAAGCGGAGA 4260
38V FTSLFGSPGASGO QRTYVOQLTINTN 418 138C H § T DS TTTILGTIGTVTLDGOQAE 1338
1501 GCAGCIGGCACATCAACAGUAC U CIGAACTUCAA TUACTOUCTUUACACTUG I 1hau 4261 COUCTOGAGCCOGGCTTCTCC TGN GOCACOGUTAC (Wt‘l“(‘(xlvAIVI!“lL/\t“'l‘«(‘ ERR
418G S W H I NRTALNGCNUDSLUHTG F 438 1333T AG A RLVVLATATTPTPGCG v TV 1158
1561 TTGCTOGTCTTTTCTATCACAACAAGTTCAACTCTTCOGGATGTCCAGAGCGCTTGOCCA 1620 4321 CACACCCCAATAT “CCTGTCCAACAC "CCCTTCTATGGCA 4380
493 L A GV FYHNEKTFNSSGCPETPRTLA 458 156 P H P NTEEVALSNTGEVEPEFZYG 1378
1621 MCAMTMTIWN%AMWCCMLAH'I’M M(er\l‘l\: 1680 4381 AAGCCATCCCOCTCGAGGCCATCAAGGOGGCAAGGCATCTCATTTTCTGCCATTCCAAGA 4440
48T C R P 1 D [ G P ITYN s 478 13738 K A I P L EATIKGTGT RBHLTILTFCHSK 1398
1681 GCAACTCGGACCAGAAGCCTTATTGCTGGCACTACGCGCCTCGACAGTGCGGTATCGTAC 1740 4441 AGAAGTGOGATGAGCTCGCOGCAAAGCTGTCAACCCTCGGAATTAATGCTGTGGCATATT 4500
478G N S D Q K P Y C WH Y A PROQCG I V 498 138K K ¢ D E L AAKLSTLGTINAVYAY 1418
1741 COGCGTX TGCTTCACTCOCAGCCCCGTE 1800 4501 ACCGOGGTCTTGACGTGTCCGTCATACCGGCTAGCGGAGACGTCGTTGTCGTGGCAACAG 4560
48P A S DV CGPVYCFTPSPVVUVW 518 41BY R G L DV SV IPASGDVV VYV 1438
1801 CCACCGATCGTCTCGGTGTCCCTACGTACACC AGACGGACGTGCTGC 1860 4561 ACGCTCTGATGACGGGCTTTACCGGCGACTTTGACTCAGTGATCGACTGCAACACATGTG 4620
58T T D RLGVPTVYTWOGENTETTDVL 538 438D ALMTGFTGDTFDSVIDCNTEC 1458
861 TCCTCAACAATACCAGGCOGCCGCATGGT) 'AATTGGTTTGGCTGTACATGGATGAACAGCA 1920 4621 TCACTCAGACGGTCGATTTCAGTTTGGACCCCACCTTCACCATCGAGACGACGACCGTGS 4680
SJBLLNNT'RPPRGNWFGCTWHNS 558 148 V. T Q T VD F S L. D P T F T I ETTTV 1478
1921 CCGGGT GTGC CCCCCCTGOAA ACAACA 1980 4681 CCCAAGACGCGETGTCROGCTCOCAGOGAL A 4740
58T G FT KT CGGPPCNTIGGVGNN 578 1478P Q D AV SRS QRRGRTGRGRE RGEG 1498
1981 CCTTGATTTGCCCCACGGACTGCTTCOGGAAGCACCCCGAGGCTACTTACACAAAATGTG 2040 4741 TCTACAGATTTGTGACCCCAGGAGAACGCCCCTTGOGCATG TTCGAC TCCTEGRTCCHaT 4800
5T L I CPTDOCFRIEKUHPEATTYTEZ KTC 598 1496 T Y R F V T P G E R P L G M F D S S L 1518
2041 mmmmwmmAmccncmmAﬂ 2100 4801 oGC TCACACCCGCTGAGACCACGGTCA 4860
598G S G P W LTGPRGCMUVD R L WH 618 1506C E € YDAGGCAMWSYELTPAETTUV 1538
2101 ACCCCTGCACTGTCAACTTCACCATCTTCAAGGT TAGGGGGCGTGGAGC 2160 4861 GGTTACGGGCTTACCTAAATACACCGGGGTTTGCCGTCTGCCAGGACTATCTGGAGTTCT 4920
618Y P C T VNFTIFKVRMYV GGV E 838 153BR L RAYLNTPGTFAVCODYTULETF 1558
2161 ACAGGCTTGATGCTGCATGCAATTGGACTCGAGGAGAACGTTGTGACCTGGAGGACAGGG 2220 4921 CTCTTCACAGGCCTCACCC “CCACTTCTTGTCCCAGACTAAAC 4980
68 H R L. D AACNWTRGETRTCUDTLTETDR 658 1558 W E D V F T G L T H 1 E § H F L S QT K 1578
2221 ATAGATCAGAGCTCAGTCCGCTGCTGCTGTCTACAACAGAGTGGCAGATACTGCCGTGTT 2280 4981 AGGC TTCCCCTACCTGGTAGE AMGCCACAGTGTGOGCCAGGGCTC 5040
658D R § EL S PLLLSTTETWGO QTITLGPTC 678 1578Q A G D N F P YLVAYQATVCARDA 1598
2281 mucmmmmmmﬂmccrmmcxmﬂmm 2340 5041 AGGCTCCACCTCC ATACGGCTAAMARTRCAC 5100
678 S F T T L P AL S TGTULTIHTLTHTE RN 698 159305pppstQMHKCLIRLKPT 1618
2341 ACGTGCAATACTTGTAC CAGCGGTTGTCTCCTTCGCAATCAAATGGGAAT 2400 5101 TGCACGGGCCGACACCCCTGCTTTATAGGCTAGGAGCCGTCCARAATGAGATTACCCTCA 5160
698D V Q Y L Y G I G S AV VY SFATIZKTWE 718 1618 L H G P T P L L ¥ R L GAVQNETTL 1638
2401 ATGTCCTGTTOCTTTTCCTTCTCCTOOCCCATOCORSTCTOTCCCTGCCTOTORATGA 2460 5161 CGC ACCAAGTACATC “GOCTGACC ACTA 5220
718 Y V L L L FLLLADARYTCATCTLWHM 738 1638 T H P I T K Y I M T C M S ADLEVVT 1658
2461 TGCTGCTGATAGCCCAGGCTGAGGCTGCCTTAGAGAACCTCGTAGTCCTCAATGCGGEGT 2520 5221 GCACCTGGGTGCTGGTAGGOGGAGTCC TTGCAGCTCTGGCCGCATACTGCCTGACAACAG 52:3
738M L L I AQAEAALTENTLVYUVTLNANA 758 16588 T W V LV GGVLAALAAYCLTT 1
2521 CTGTGGCCGGAGCCCATGOTGTCCTCTCCTTCCTTGTGTTCTTCTGTGCCGCTTGGTACA 2580 5281 GCAGCGTGGTCATTGTGGGTAGGATCATCCTCTCCGGGAGGCCGGCTGTTGTTCCCGACA 5340
788 VA GAHGVLSTFTLVTFTFTC CAAWSY 778 678G S V V I VG R I I L § GR P AV V ? D 1698
2581 TCAAAGGCAGGCTGGTCCCTGGGACGECATATGCTCTCTATGGCCTATGGCCGCTECTCC 2640 5341 GGGAAGTTCIC 'GCATCACACCTCCCTTACA 5400
781 KGR LV PGAATYALTYGVYMWEPLL 798 698 R EV L Y REF DEMETETCASHTLPY 178
2641 TGCT TGCATCGT 2700 5401 TOGAACAAGGAATGCAGCTCGCCGAGCAGTTCAAACAGARGGCGCTCGOGTTGCTGCAAA 5460
798 L L L L ALPPBRATYAHDREMA AS 818 17181 E Q G M Q L A EQ F KQ K AL GL L Q 1738
2701 GOGGAGGCGCCGTTCTC GGTATTCCTGACTTTATCACCATACTATAAAGTGT 2760 5461 CAGCCACCAAGCAAGC TGCTGCTCCC TAMATGGCGGGCCCTTG 5520
818C G G AV LVGLVFLTLSPYYKYV 838 178 T A T K Q AEAAAPMYESEKWRAL 1758

Figure 2 Nucleotide and deduced amino acid sequence of HCV-N strain. The nucleotide sequence of HCV-N
is shown in the upper line and deduced amino acid sequence of HCV-N is shown in the lower line,
respectively.
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5581 TATCCACTCTGCCTGGGAACCCCGCGATAGCATCACTGATGGCATTCACAGCTTCCATCA
1778 L S T L P G NP A I A SLMAFTASI

AT
v YL AGG
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5701 COCAACTOGCCCCCCCCAGOGCOGCTTCAGCCTTCGTOGGOGCCGGCATTGCCGGTGCGG
181BA Q L AP P S AASAFVGAGTIAGA

5761 CTGTTGGC
IGJGAVGBIGLGKVLVDILAGYGA

5821 GOGTGGCTGGOGOGCTCGTGGCCTTTAAGGTCATGAGCGGCGAGGTGCCCTCCACTGAGG
1858 G V A G A L VA F K VM S GEVZPSTE

5881 ACCTGGT TCTCTOCTOGCGCCCTGGTOGTOGGGGTOGTGT
187BDLVNLLPA1LS ALVVGVYVY

5941 GTGCAGCAATACTGCGTCGAC AGTGC
189BCAAILRRHVGPGEGAVQWHN

6001 GX “CCOCACGCACTATGTCCCTGAGA
1918R L I A P l $§$ RG NH V § PTHYV PE
6061

‘GOGACGCTGCAGOGCGTGTTACTCAGATCCTCTCCAGCCTTACCATCACTCAGC TGCTGA
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6121
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6301 2GGC
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6361 "CCARAACCTGTAGCAACAC

2038HVKNGSHRIVGPKTCSNTHH
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6481 AT “GCTGTGGCGOCTGGCTGC

2078 Y S R AL WRVAAETE

Y VEVTRVG

6541 ATTTCCAC "RTGACCAC
298D F H Y VT GMTTDN

vV KCPC

AGGTTCCCG
o v P
6601 C
2118A P E F FTEVDGVR

YGCTCCGGCGTGCA
LHRYAPAC

6661 GACCTCTCCTACGGGAGGAGGTCAAATTCCAGGTCOGGCTCAACCAGTACCTGGTTGGCT
213GRPLLREEVKPQVGLNQYLVG

6721Rx‘mﬁmmm-
21s8s Q L P C EPEPDV AV

TCACTTCCATGCT
LTS MLTD

6781 CCTCCCACAT XCTCCCCCCT
217EPSH1TAETAKRRLARGPPP

6841 TAGCCAGT "ACTACCC
2198 L A S § 8 A 5 QL SAPSLEKATCSCTT

6901 ATCATGACTCCCCAGAUGUTUACCTUATUUACGU TAAUCCTUCTIR A UGICACL, M.I\Il'l‘
2218H H D S P D A DL | EANLL 0 M

6961 GOGGAAACA' mmmmmmmrmrwmwwwcm'mm
2238 G G N 1I.T R V E S EN vVVi1lLDSsSFD

1021 CGCTICGAGC AGMX FIGICCETIUCGUACUA IR A
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27S R K F P P A M

NG TGCCCNTTOCCAC

7141 TAGAGTCC CCGGACTATGI'TCCICC
Y v PV VHGTCTEP

2298 L E S W K D P D

7201 CTGCTAAGGCCCCTCCAATACCACCTCCAC
2318 P A K A P P I

JGGTTGTCCTGACAGAGT
PPPRRIEKRTVVLTE

7261 CCACCGTGTCTTCTGCCTTGGCGGAGCTCGCCACTAAGACCTTTGGCAGCTCOGGATCGT
233.6 T V 8 8§ AL AELATZ KTTFGS S G S
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P P EGEPGD

278K 6 S D VE S Y S 8 M
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L APEAMAMEKO QATITKS STILTE

26581 Y Q C C D

Figure 2

RO
Lty

5640
1798
5100
1818

5760
1838

5820
1858

5880
1878

5940
1898

6000
1918

6060
1938

6120
1958

6180
1978

6240
1998

6300
2018

6360
2038

6420
2058

6480
2078

6540
2098

6600
2118

6660
2138

6720
2158

6780
2178

6840
2198

6900
2218

6980
2218

7020
2258

1080
2278

7140
2298
1200
2318

7260
2338

7320
2358

7380
2378

7440
2398

7500
2418

7560
2438

7620
2458

7680
2478

7740
2498

7800
2518

7860
2538

7920
2558

7980
2578

8040
2598

8100
2618

8160
2638

8220
2658

8280
2678

8281
2679

8341
2698

8401
2718

8461
2738

8521
2758

8581
2718

8641
2798

8701
2818

8761
2838

8821 T

2858

GGCTCTATATCGGGOC TCCOC IGACTAM M ICAAANCGGUAGAALU TGO T T EATCGUOUGT

RL Y1 G6G6GPLTNSIKSGG

QN C Y R K

CCTCACATGCT:

"ACTTGAAGG
CRASGVLILTTSCGNTLTOCYLK

"AGGACTGCACCATGCTUGTGANCGGAGACG

CCTCTGCGGCCTGTCGAGC TGCOAAGCTCC
A S AACRAMAMEKLQDCTMLVNGTD

ACCTTGTOGTTATC

"AGOGAACCTACGAGCCT

DLVVICBCTGTOEDAANLRA

"AGGTACTCTGCCCCCCCOGGGGACCCGCOCCARCCAGAA
FTEAH‘I‘RVSAFPGDPPOPEY

\TACG

"GGTCGCGCACGATGCATCTGGCA

ACTTGGAGCTAATAACATCA'
DLELITSCSSNVSVAHDASG

AACGGGTGTACTACCTCACTCGTGACCCCACCACH
K RVYYLTRPDEPT

"CCCCATCGCACGGGCTGOGTGGGAGA
TP I ARAAWE

CAGC
T A R H

TCC
T

P

TAATTCC

TAGGCAACATCATCATGTACGCGCCCACCT
N S WL GNTITIMYATPT

L W AR

TT

I

L

TCACTTCT TTCTAGCTCAGGAGCAGC
M THPFF S 1LLAGQEHQ Q

L G KA

L

b

<

“CTGTTACTCCATTGAACCACTTGATC
QI YGACYSTIEPLD

8861
2878

8941
2898

9001
2918

TACCTCAGATCAT
ITI

L P Q

XGCATTTTCACTCC TACTCTC
s

L HGLSATF L H S

TTCATGCCTCAGGARAL

'CACCCTTGCGAG
A S CLRKLGVPPLHR

>GOGCTAGGCTACTGTCC

V W R H

9061 CC;

2838

9121
2958

9181
2978

9241
2998

R

SVRARLLSQGGRA

TCAAACTCACTCCAA

AT CG

F NWAVRTI KTLIEKTLTFP

'ATAGCGGGGGAG

TCOCGGCTOCGTCTCOGTTCGACT TG TCOGECTGETTCGTTGCTGGTT
I PAASRLDLSGWTFUVAGYSGG

ACATATA’
DI

ATCTACCTGCTCCCCAACE

\TCACAGCCTGTCTCATGCCOGACCCOGCTGCTTTATGTTGTGCCTACTCCTY
Y HS LS HARPRWFMLCLLL

AC

GAAAC

TTTC

LSVGVG I

Y L L PNR *

Figure 2

#ito
o9

8400
2718

/460
2738

8520
2758

8580
2778

8640
2798

8700
2818

8760
2838
8820
2858
8880
2878

8540
2898

9000
2918

9060
2938

9120
2958

9180
2978

9240
2998

9295
3012

173

respectively. The sequence homology of HCV-N also
showed its closer relationship to HCV-1 than to HC-J6

and HC-]J8 isolates (Table 1).

HC-]8 possessed 23%

divergence with HC-J6 and has been clearly identified
as a separate genotype from HC-J6 (Okamoto et al,
1992b) .

phylogenetic trees were constructed base on nucleotide

(

40

10

% )

HCV-N HCV-BKHCV-J HCV-JTHCV-T HCV-1

HCV

Group 1

In order to confirm this conclusion,

Group 2

1i/1b 1Na

11/2a

/2b

HC-J6 HC-J8

Figure 3 Phylogenetic trees are based on nucleotide diver-

gence (%).

Sequence of all 8 HCV strains were

campared and analyzed by the nearest neighbor

method.
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divergence throughout entire sequence using nearest
neighbor method (Williams and Lance 1977) (Fig. 3).
This result indicated that 8 HCV strains can be classi-
fied into 2 groups: the group 1 contains genotype II/1b
(HCV-N, HCV-BK, HCV-J], HCV-JT, HCV-T) and
genotype I/la (HCV-1); while group 2 contains
genotype III/2a (HC-J6) and genotype IV/2b (HC-]8).
Sequence variation in the E1 and N-terminus of E2/
NS1 envelope glycoprotein regions among 3 HCV
Nagasaki strains and 7 other HCV strains with pubili-
shed sequences

Recently, many papers reported that hypervariable
regions existed in the N-terminus of E2/NS1 envelope
glycoprotein region of HCV genome (Hijikata et al,
1991; Weiner ef al., 1991; Honda et al., 1993). In order
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to know the HCV sequence diversity of the envelope
glycoprotein in local area of Nagasaki, 2 other HCV
Nagasaki strains (HCV-N1 and HCV-N2) were also
cloned and sequenced for the region of nt 623-1988, aa
126-580 (nt and aa base on the HCV-N number).
Alignment comparison of deduced aa sequence among 3
Nagasaki strains and other 7 HCV strains with publi-
shed sequences were shown in Fig. 4. Two hypervaria-
ble regions (HVR) were discovered in the N-terminus
of E2/NSI1 region. HVR 1 (aa 384-411) was located
directly downstream at the beginning of the E2/NSI,
whereas HVR 2 (aa 475-480) was observed 64 aa down-
stream from the HVR 1. In the HVR 1 consisting of 28
aa, 10 aa residues were well-conserved among 3 Nagasa-

ki strains. Whereas only 3 aa were conserved in this
E2/NS1 HVR 1 425
HCV-N LLFAGVI TSVFTSLFSP GASQRVDLIN TNGSWHINRT
HCV-N1 R ATGLA FL K VI
HCV-N2 R TLAQ GLV L PT K
HCV-1 H SAH VGV LA K N LS
HCV-BK B A AK NRLV M AS P K
HCV-J H RVASS QSLV WL Q P K \'4
HCV-~-JT YT SAH QSV F TG PA
HCV-T 1S TvVa HSLA TQ K
HC-J6 A HTV STAHN ARTL GM L R K
HC-J8 \'4 YSS QEA VAG AG TT K N
474
HCV-N ALNCNDSLHT GFLAGVFYHN KFNSSGCPER LATCRPIDKF DQGWGPITY
HCV-N1 E QA L AL TYN T M Q N N
HCV-N2 Q AL VH MSsS S
HCV-1 N w L H S LTD S
HCV-BK Q AL TH S MQ T
HCV-J Q I AL AHR A M S E A H
HCV-JT E N F AL AH M S SS A
HCV-T Q SL AHR A MS S
HC-J6 SL TH S MSA S EA RV ALQ E
HC-J8 Q SL TH SS GL D RI TLE E
523
HCV-N PYCWHYAPRQ CGIVPASDVC GPVYCFTPSP VVVWTTDRLG
HCV-N1 Y T AV QoM \' G s
HCV-N2 P PY SCLL T R IG FV
HCV-1 P KP KS G s
HCV-BK PP T E G F
HCV-J P Q G F
HCV-JT Q G s
HCV-T P Q G F
HC-J6 P vs s G
HC-J8 P P RT G KQ
573
HCV-N VPTYTWGENE TDVLLLNNTR PPHGNWFGCT WMNSTGFTKT CGGPPCNIGG
HCV-N1 N Q
HCV-N2 DL DR S I A Q v
HCV-1 A S D FV L vV . A v
HCV-BK R Q
HCV-J A s s Q
HCV-JT A N A Q
HCV-T A s I Q
HC-J6 A F S Qs Y A R RA
HC-J8 F s R A G A R RK
580
HCV-N VGNNT LI
HCV-N1 I T
HCV-N2 D T
HCV-1 - A H
HCV-BK T
HCV-J v
HCV-JT L T
HCV-T G v
HC~J6 DF ASMD L
HC-J8 DY S IDL

Figure 4 Alignment of amino acid sequence among 10 HCV strains (HCV-N, HCV-N1, HCV-N2, HCV-1, HCV
-BK, HCV-]J, HCV-JT, HCV-T, HC-J6 and HC-]8) in the E1 and N-terminus of E2/NSI regions (aa

126-580).

Two hypervariable regions (HVR 1 and HVR 2) are shown by boxes.
-glycosylation sites (N-X-S/T) are underlined.

Potential N



‘Table 2 HCV genotype classification including HCV-N from this study and 15 entire

HCV strains which have been reported by Sakamoto et al. (1994).

Group Group 1 Group 2 Group 3
Genotype I/1a Ic 1I/1b 111/2a IV/2b V/3a
HCV-]
HCV-BK
HC-J4/83
HCV-1 HC-J4/91
HCV strains | HCV-H HC-G9 HCV-]JT HC-J6 HC-J8 NZL1
HC-J1 HCV-T
HCV-JK1
HC-C2
HCV-N
) . Japan
ieographlc US.A. Indonesian China Japan Japan New
rea Japan Tai Zealand
aiwan
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region when a total 10 HCV strains were compared. In
the HVR 2 consisting of 6 aa, none of the aa were
conserved among 3 Nagasaki strains. This hypervar-
iability was also observed when a total 10 HCV strains
were compared simultaneously. In the E1 and N-termi-
nus of the E2/NS1 regions, 2 well conserved aa
sequences were observed among 10 HCV isolates: G-H
-R-M-A-W-D-M-M (aa 315-323) and W-F-G-C-T-W
-M-N (aa 549-556). Although 14 N-glycosylation sites
(N-X-S/T) were identified in HCV-N, one of them
(NNS at aa No. 475-477) was unique to this strain and
not present in 2 other Nagasaki strains and 7 other HCV
strains with published sequences. Instead, HCV-N1 and
HCV-N2 possessed another N-glycosylation site (NFS
or NSS at aa No. 250-252). This glycosylation site is
found also in HCV-BK, HCV-J, HCV-]JT, and HCV-T
(Fig. 4). Altogether, only 9 N-glycosylation sites were
conserved in the El and N-terminal of the E2/NS1
regions among 10 HCV strains shown in Fig. 4.

DiscussION

Relationship between genotype and geographic area
of HCV strains including HCV-N was shown by their
sequence comparison using the classification by Sa-
kamoto et al. (1994) (Table 2). The sequence homology
indicated that HCV-N strain did not possess its local
genotypic character, and similar to HCV-BK, HCV-]
and HCV-JT strain which were isolated from other
areas of Japan. All these strains apparently belong to
the same genotype II/1b of group 1. This genotype also
included HC-J4/83; HC-J4/91; HCV-JK1 of Japanese
HCV strains, HC-C2 of Chinese HCV strain and HCV
-T of Taiwan strain. The genotype lc of group 1

includes HC-G9 which was derived from Indonesian
strain. While, the genotype I/la of group 1 includes
HCV-1 and HCV-H which were derived from American
strains. Although another HC-J1 was Japanese strain, it
was supposed to have originated from the US, because
HC-J1 was derived from a Japanese haemophiliac who
developed hepatitis C after receiving US-made factor
VIII (Okamoto ef al., 1992a). In group 2, HC-J6 and HC
-J8 belong to the III/2a and the IV/2b genotype, respec-
tively. Both of them were Japanese strains. In group 3,
NZL1 that came from New Zealand belongs to V/3a
genotype (Table 2). Simmonds et al. (1993b) have
classified 6 major genotypes of HCV from 76 HCV
isolates, which were almost worldwide collection, using
phylogenetic analysis of the NS5 region. The 76 HCV
isolates contained entire sequence of HCV-1, HCV-H,
HCV-J, HCV-BK, HCV-T, HCV-JT, HC-J6 and HC
-J8 strains and other partial sequence of HCV strains.
From this classification, only genotype 4, 5 and 6 showed
highly restricted geographical distributions, being
apparently confined to Egypt, South Africa and Hong
Kong respectively (Simmonds ef al., 1993b).

Two hypervariable regions have already been obser-
ved in the N-terminus of the E2/NSI1 region. The
number of conserved aa in the HVR 1 among 3 Nagasa-
ki strains were higher than among a total 10 strains
including 3 Nagasaki strains and 7 other HCV strains
with published séquences. The numbers of conserved aa

" (5 aa/28 aa) among HCV strains of genogroup 1 (HCV
-N/HCV-1/HCV-BK/HCV-]J/HCV-JT/HCV-T) were
higher than those (3 aa/28 aa) among 10 HCV strains
which included genogroup 2 (HC-J6 and HC-]J8). This
result may give us an idea that aa conservation in the
HVR 1 of the same genotype or genogroup of HCV are
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higher than among the different genotype or genogroup
of HCV strains. Therefore, the 3 Nagasaki HCV strains
may have been originated from the same ancestor.

In contrast, none of the aa was conserved among 3
Nagasaki strains nor among a total 10 HCV strains in
the HVR 2 which showed higher variability than the
HVR 1. The reason why mutations occur so frequently
in only limited regions such as HVR is not known
(Tanaka et al., 1992). The higher degree of divergence
in HCV E2/NSI region might reflect the immune selec-
tion and suggest that this region cannot probably be an
ideal target for future vaccine development.

Regarding the N-glycosylation sites in the E1 and N
-terminus of the E2/NSI1 region, only 9 sites were
conserved out of the 14 sites seen in HCV-N. Some of
the glycosylation sites, therefore, would not be essential
for the survival, transmission and maintenance of HCV
in nature. On the other hand, 2 well-conserved aa
sequences were found in the E1 and N-terminus of the
E2/NSI1 regions among the 10 HCV strains compared.
These conserved sequences may be better targets of
vaccine development if they were related with protec-
tive immunity.

The nt sequence homology of HCV-N in the YUTR
shows high conservation comparing with other 7 HCV
isolates (nt > 91.5%) and was used as an ideal target
for PCR amplification to detect HCV RNA (Okamoto
et al., 1990). But recently, some papers reported that
several HCV strains have sequence variation in the 5’
UTR (Lee et al., 1992; Bukh et al., 1992; Simmonds et
al., 1993a). Therefore additional informations would be
required to select optimal primer for PCR diagnosis on
HCV. The functional motifs of the putative encoded
proteins of HCV (Plagemann et al., 1991; Tanaka et al.,
1992) have also been found in HCV-N. There are
consensus sequences of RNA helicase in the NS3 region:
Gly-Ser-Gly-Lys-Ser-Thr (aa 1233-1238) and Gln-Arg
-Arg-Gly-Arg-Thr-Gly-Arg (aa 1486-1493), while NS5
region possessed consensus sequence of RNA-dependent
RNA polymerase: Gly-Asp-Asp (aa 2736-2738). The
sequence heterogeneity in putative structural proteins
and nostructural proteins of HCV provided significant
evidence for genotype classification. The genetic infor-
mations of HCV-N genome obtained in this study will
be useful in future understanding on the pathogenesis,
diagnosis and development of vaccine for HCV.
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Abstract: Serological examination of leprosy in endemic areas of cutaneous leishmaniasis were carried out
using the sera collected during a survey for cutaneous leishmaniasis and several parasitic diseases in

Ecuador.

There was no correlation between prevalence rates for leprosy and seropositive rates of the

antibodies (anti-PGL-I and LAM-B antibodies) in the subjects living in several provinces in Ecuador.
Seropositive rates of anti-PGL-I antibodies of the leprosy patients and their families in Los Ranchos,
Department of Manabi, were relatively high (84.6%, 11/13) in comparison with the average seropositive
rates (42.494, 154/365) of the subjects from other areas of Ecuador. It was suggested that serological survey
of families of leprosy patients might be useful for screening of household contacts in a low endemic areas,

such as Department of Manabi, Ecuador.

INTRODUCTION

Leishmaniasis and leprosy are etiologically com-
pletely different diseases, but it has been known that the
two diseases cause immunologically similar responses in
their hosts (Bryceson, 1981). Therefore, it may be
important to know seroepidemiological features of lep-
rosy in endemic areas of cutaneous leishmaniasis. Two
types of skin tests, Lepromin test for leprosy and Leish-
mania (Monténegro) skin test for leishmaniasis, were
made on several leprosy patients and thier families.
Using sera which were collected during surveys for
cuteneous leishmaniasis and other parasitic diseases
inculuding leprosy, the value of anti-PGL-I (phenolic
glycolipid-I) antibodies and anti-LAM-B (Lipoar-
abinomannan-B) antibodies were measured for the ser-
ological studies of leprosy. PGL-I is a major secretory
product of Mycobacterium leprae (Hunter, et al., 1982).
LAM-B is a complex glycolipid found in large amounts
(15 mg per g of bacilli) within the cell walls of M. leprae
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and M. tuberculosis (Gaylord and Brennan, 1987). The
present paper reports the result of preliminary ser-
ological examinations of leprosy. Furthermore, based
on the results obtained, a brief comment was also made
on the screening method to detect leprosy patients in
early stage of the disease.

MATERIALS AND METHOD

Subjects examined

In this preliminary epidemiological survey of lep-
rosy, an evaluation was made on the serodiagnosis of the
subjects from the following areas of Ecuador: Los
Ranchos, Portoviejo and Guayabales, Department of
Manabi; Echeandia, Department of Bolivar; Antepara,
Machala, Pinas, Portovelo and Zaruma, Department of
El Oro; Pedro Carbo, Guayaquil and Olon, Department
of Guayas; Selva Alegre, Department of Esmeraldas;
and other areas of Ecuador. A total of 365 subjects (153
males, 184 females and 28 unknown), with 3 to 73 years
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old, were examined for anti-PGL-I antibodies (IgG and
IgM) and LAM-B antibodies (IgG and IgM). The mean
age of subjects was 26.2-year-old in male, 25.4-year-old
in female and 25.8-year old in total. In the present
subjects from different areas, the following underlying
diseases were reported: Department of Bolivar,
cutaneous leishmaniasis, 15; El oro, Chagas’ disease, 15
and gnathostomiasis, 1; Guayas, cutaneous leish-
maniasis, 13, Chagas’ disease, 9, gnathostomiasis, 6,
toxoplasmosis, 4; Pichincha, cuteneous leishmaniasis, 17,
Chagas’ disease, 1; Esmeraldas, cuteneous leishmaniasis,
25.

Sera

Serum samples from 365 subjects were examined.
These sera were collected during the surveys for several
infectious diseases, such as cutaneous leishmaniasis,
gnathostomiasis and Chagas’ disease, including leprosy.

Skin test

The lepromin tests were performed in eight subjects
suspected for leprosy. An amount (0.1 ml) of Mitsuda
lepromin solution was injected intradermally on the
flexor surface of the forearm using the small needle (a
disposable needle; size 26G), and the skin test area was
observed for erythema and induration (induration/
erythema in mm) at 48 hours later. Erythema size of
more than 11 mm in diameter at the injection site was
considered positive reaction, and reaction with 7 X 10
mm was considered an undetermined (+/—) Mitsuda
early reaction.

Leishmania skin tests (Furuya, et al, 1989) were
made in 13 subjects suspected of leprosy (file number G
-1 - G-13). An amount (0.1 ml) of Leishmania promas-
tigotes antigen solution was injected intradermally on

the flexor surface of the forearm. The skin test area
was observed for erythema and induration (induration/
erythema in mm) at 48 hours later. Induration size of
more than 5 mm in diameter at the injection site was
considered as a positive reaction.

Serological examination

Blood samples were collected by venipuncture. The
sera was separated with a centrifuge at several field
laboratories in Ecuador. The sera were stocked in a
freezer at the temperature of —20 °C. The value of anti
-PGL-I antibodies and anti-LAM-B antibodies were
measured by enzyme-linked immunosorbent assey
(ELISA) in a laboratory at the National Institute for
Leprosy Research in Japan (Jzumi ef al., 1993). Cut-off
levels are as follows: PGL-I-IgG 0.08 OD (optical den-
sity) units; PGL-I-IgM 0.38 OD units; LAM-B-IgG 0.25
OD units; LAM-B-IgM 0.05 OD units. A criterion for
considering the diagnosis was made as follows: PGL (+)
and LAM(—), suspected leprosy; PGL(—) and LAM
(+), suspected acid-fast bacteria infection including
leprosy; PGL-IgG(+) and IgM(—), suspected leprosy
(old leprosy and spontaneousry healing subjects); PGL
-IgG(—) and IgM(+), suspected leprosy.

The diagnosis of leprosy was made on clinical,
bacteriological and immunological grounds, according
to the Rjdley-Jopling classification (Ridley and Jopling,
1996) by the doctors from the Welfare Ministry of
Ecuador.

RESULTS

The results obtained are summarized as shown in
Tables 1 to 6. There was no correlation between preva-
lence rates for leprosy and seropositive rates of the

Table 1 Prevalence rates of leprosy and anti-PGL-I* antibody positive subjects from different

areas of Ecuador.

Department * % Prevalence rate Nq. Positive for PGL-I
(X 1000) examined Total (%) Male Female
1. Bolivar 0.63—0.91 15 3 (20.0%) 1 2
2. El oro 0.63—0.91 16 3 (18.7%) 3 0
3. Guayas 0.27—0.38 198 61 (30.8%) 16 % * * 32% * %
4, Pichincha 0.10—0.16 18 10 (55.6%) 5 5
5. Manabi 0.10—0.16 15 12 (80.0%) 5 6
6. Esmeraldas 0.10—0.16 98 64 (61.2%) 23 41
7. Other areas 5 1 (20.0%) 0 1
Total 365 154 (42.2%) 53 (37.9%) 87 (62.1%)

%, PGL-I: phenolic glycolipid-I; * %, 1,

Bolivar, Echeandia; 2. El Oro, five resions; 3, Guayas,

Pedro Carbo and Guayaquil; 4, Pichincha, Puerto Quito and Quito; 5. Manabi, Los Ranchos; 6.
Esmeraldas, Selva Alegre; * * %, Sex of 13 subjects were unknown.
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Table 2 Correlation between anti-PGL-1#* (IgG) and anti-PGL-1(IgM) antibodies of subjects

from differnt areas of Ecuador.

Departments . " No. and (%) of subjects in each category
and cities for PGL (IgG) + PGL (IgG) + PGL(I1gG) — PGL(IgG)— . .y
villages PGL(IgM) + PGL (IgM) — PGL (IgM) + PGL (IgM) — ota
1. Bolivar 0 (0.0 1 (6.7) 2 (13.3) 12 (80.0) 15
Echeandia 0 1 1 7 9
San Francisco 0 0 1 5 6
2. El Oro 0 (0.0) 2 (12.5) 1 (6.3) 13 (81.2) 16
Antepara 0 1 0 0 1
Machala 0 0 0 2 2
Pifias 0 0 1 4 5
Portovelo 0 1 0 4 5
Zaruma 0 0 0 2 2
? 0 0 0 1 1
3. Guayas 4 (2.0) 8 (4.1) 49 (24.7) 137 (69.2) 198
Pedro Carbo 3 6 41 115 165
Guayaquil 0 0 2 13 15
Olon 1 1 0 2 4
Others 0 1 6 6 13
4, Pichincha 2 (11.1) 2 (11.1) 6 (33.3) 8 (44.5) 18
Puerto Quito 2 1 6 8 17
Quito 0 1 0 ) 0 1
5. Manabi 4 (26.7) 1 (6.6) 7 (46.7) 3 (20.0) 15
Los Ranchos 4 0 7 2 13
Portoviejo 0 0 0 1 1
Guale 0 1 0 0 1
6. Esmeraldas 12 (12.3) 11 (11.2) 41 (41.8) 34 (34.7) 98
Selva Alegre 12 11 41 34 98
7. Other areas 0 0 1 4 5
Total 22 (6.0) 25 (6.9) 107 (29.3) 211 (57.8) 365

%, PGL-I: phenolic glycolipid-1.

antibodies (anti-PGL-I- and LAM-B antibodies) in the
subjects living in several provinces in Ecuador. The
seropositive rates of anti-PGL-I antibodies in Ecuador
was 42.2%. The seropositive rates for PGL-I was higher
in female than in male. Correlation between anti-PGL
-I-IgG antibodies (PGL-IgG) and anti-PGL-I-IgM anti-
bodies (PGL-IgM) was summerized in Table 2. The
distribution of anti-LAM-B antibodies in the subjects
with negative anti-PGI-I antibodies in the patients with
cutaneous leishmaniasis, gnathostomiasis, Chagas’ dis-
ease and others was summarized in Table 3. In 211 PGL
-I seronegative persons, 128 (60.7%) were found to be
LAM-B seropositive; 16 (7.7%), IgG-positive and IgM
-positive; 16 (7.7%), IgG-positive and IgM-negative; 96
(46.10%), IgG-negative and IgM-positive; and 80 (38.
5%), IgG-negative and IgM-negative. The subjects of
file number EH57 and EH119 from Esmeraldas and G-7
from Manabi showed positive reaction to all the anti
-PGL-I and anti-LAM antibodies examined. The num-
ber of anti-LAM-B-IgG antibody positive nonleprous

subjects in Ecuador was 69 (19.6%) out of 352.

The results of examinations of leprosy patients and
their family in Los Ranchos, Department of Manabi
were summarized in Tables 4 to 6. The number of
subjects examined for serological tests of leprosy was 13
(7 males and 6 females). The results of skin tests were
shown as follows. Only one subject, G-1, showed un-
determined (4/—) Mitsuda early reaction. Seven other
subjects proved to be Mitsuda negative. Leprosy
patients (G-7, G-10 and G-13) except G-1 showed
positive raection to the Leishmania skin test, while 10
other subjects showed negative reaction to the skin test
(Table 4). A subject, G-7, showed all positive reaction
against PGL-IgG and -IgM, and LAM-IgG- and -1gM.
He was a borderline lepromatous leprosy patient who
still had active symptoms, such as infiltrated erythema,
ulcerative lesions of feet and neuralgia on the four
extremities. The patient was treated with multi-drug
therapy (MDT). Other two leprosy patients, G-10 and
G-13, were positive for PGL-IgM, and LAM-IgG and
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Table 3 Distribution of anti-LAM-B* antibodies in the subjects, negative for anti-PGL-I anti-

bodies, from differnt areas of Ecuador.

No. and (%) of subjects in each category

Departments LAM(IgG)+ LAM(Ig&)+ LAM(IgG)— LAM(gG)— Total
LAM(IgM)+ LAM(IgM)— LAM®IgM)+ LAM(IgM)— - °%®
1, Bolivar 1 (8.3 1 (8.3) 6 (50.0) 4 (33.4) 12
Echeandia 0 1 3 3 7
San Francisco 1 0 3 1 5
2. El Oro 1 (7.7 2 (15.4) 4 (30.8) 6 (46.1) 13
Antepara 0 0 0 0 0
Machala 0 0 1 1 2
Pifias 1 1 0 3 5
Portovelo 0 1 3 0 4
Zaruma 0 0 0 1 1
Others 0 0 0 1 1
3. Guayas 8 (5.9 9 (6.6) 65 (47.8) 54 (39.7) 136
Pedro Carbo 7 8 58 42 115
Guayaquil 0 1 4 8 13
Olon 0 0 2 0 2
Others 1 0 1 4 6
4. Pichincha 3 (37.5) 2 (25.0) 0 (0.0) 3 (37.5) 8
Puerto Quito 3 2 0 3 8
Quito 0 0 0 0 0
5. Manabi 0 (0.0) 0 (0.0 1 (33.3) 2 (66.7) 3
Los Ranchos 0 0 1 1 2
Portoviejo 0 0 0 1 1
Guayabales 0 0 0 0 0
6. Esmeraldas 3 (8.8 2 (5.9 20 (58.8) 9 (26.5) 34
Selva Alegre 3 2 20 9 34
7. Others 0 0 0 2(100.0) 2
Total (%) 16 (7.7) 16 (7.7) 9 (46.1) 80 (38.5) 208
%, LAM-B: lipoarabinomannan-B; * %, PGL-I: phenolic glycolipid-I.
-IgM. A leprosy patient, G-10, with borderline tuber- -positive.
culoid leprosy had relatively deep ulcers on both soles.
The type of leprosy in G-13 was unknown and the
COMMENT

subject had no specific dermatological findings of lep-
rosy. All the leprosy patients were LAM-IgM-positive,
and the subjects, G-1, G-7 and G-10 except G-13, were
strongly positive for LAM-IgM, showing more than 0.
190 OD units. Correlation between anti-PGL-I-IgG and
anti-PGL-I-IgM antibodies in the patients with leprosy
and their families was summarized in Table 5. Two
leprosy patients, G-1 and G-7, were positive for PGL
-IgG and -IgM. Other two leprosy patients, G-10 and G
-13, were PGL-IgG-negative and PGL-IgM-positive.
Correlation between anti-PGL-I antibodies and anti
-LAM-B antibodies in the patients and their families
was summarized in Table 6. Three patients with lep-
rosy, G-7, G-10 and G-13, were PGL-IgM-positive and
LAM-B-IgG-positive. Indeterminate leprosy patient, G
-1, was negative for only LAM-IgG. There were no
subjects who were PGL-IgM-negative and LAM-IgG

Leprosy has a wide range distribution in the world.
The disease is included among the six most important
infectious diseases which the World Health Organiza-
tion (WHO) planned to stop from being an endemic. In
some regions of Ecuador, the prevalence rates are very
high. * For example, the rate in Department of Los Rios
showed 1.17 per 1,000 habitants. Persons living in the
regions, where the prevalence rate is over 1.0 per 1,000,
would be exposed to serious danger of infection whether
they have or not contact with leprosy patients. The
immediate counter plan for chronic infectious disease
should be considered.

Recently, serodiagnosis of leprosy was considered
as one of the useful methods for early diagnosis (Bu-
chanan, ef al., 1983). Although, we could not examine
large numbers of leprosy patients during the current
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Table 4 Leishmania skin test and Lepromin test in three leprosy families in an endemic area of
cutaneous leishmaniasis, Los Ranchos, Department of Manabi, Ecuador, in 1992.

Lepromin Leishmania

No. (File no.) Age Sex test % okin test Symptoms Type of leprosy
1(G-1) 12 F (+/—) % % (-) hypopigmented freckle indeterminate
with anesthesia leprosy
2(G-2) 10 F (=) (=) none
3(G-3) 9 F (=) (—) none
4(G-4) 4 F (=) (=) none
5(G-5) 11 F (=) (=) none
6(G-6) 38 F (=) (=)  none ;
7(G-17) 41 M (=) (+) annular and/or infil- borderline-
: trated erythemata, lepromatous
nodules with anesthesia
8(G-8) 8 M =y (=) none
9(G-9) 15 M (=) none
10(G-10) 31 M (+) neuralgia, ulcers with borderline-
anesthesia tuberculoid
11(G-11) 6 M (=) none
12(G-12) 3 M (=) none
13(G-13) 56 M (+) neuralgia, anesthesia leprosy * % #*

% Mitsuda early reaction; * *, Mitsuda early reaction is undetermined with 5.7X75mm(+/—); * * *

leprosy type is unknown.

Table 5 Correlation between anti-PGL-1* (IgG) and anti-PGL-1(IgM) antibodies in the
leprosy patients and their household contacts in Los Ranchos, Department of

Manabi, Ecuador, in 1992.

Category PGL (IgG) + PGL (IgG) — PGL(IgG) + PGL (IgG) —
PGL (IgM) + PGL (IgM) + PGL (IgM) — PGL (IgM) —
File G-1,G-5 G-2,G-3,G-4 none G-9,G-11
no. G-7,G-12 G-6,G-8,G-10
G-13
No. of leprosy 2 0 0
Total 4 0 2

* PGL-I: phenolic glycolipid-I;

Table 6 Cerrelation between anti-PGL-1% and anti-LAM-B # * antibodies in leprosy patients
and their household contacts in Los Ranchos, Department of Manabi, Ecuador, in 1992.

Category PGL (IgM) + PGL(IgM) + PGL (IgG) + PGL (IgM) —
LAM (IgG) + LAM(IgG) — LAM (IgM) — LAM (IgM) —
File G-4,G-7,G-8 G-1 G-2,G-3 G-9,G-11
no. G-10, G-13 G-5,G-6,G-12
No. of leprosy 3 1 0 0
Total 5 1 5 2

% PGL-I: phenolic glycolipid-I; * * LAM-B: lipoarabinomannan-B;

survey, anti-PGL-I and anti-LAM-B antibodies were
examined by using accepted sera from different areas of
Ecuador. The seropositive rates of anti-PGL-I anti-
bodies in Ecuador was high, showing a rate of 42.2%.
Recently, anti-LAM-B antibodies have been measured

to detect the subjects with multibacillary leprosy whose
values of anti-PGL-I antibodies are very low (lzumi ef
al., 1993). In 215 PGL-I seronegative persons, 132 (61.
49%) were found to be LAM-B seropositive. Some of
them have the possibility of showing symptoms of lep-



184

rosy. Anti-PGL- and anti-LAM-B antibody positive
subjects would need detailed medical examination to
rule out the disease by acid-fast bacteria. A total of 154
subjects (42.29%) were serologicaly suspected of suffer-
ing from M. leprae and 128 subjects (35.1%) were
suspected of diseases caused by acid-fast bacteria in-
cluding M. leprae. In the examination, tuberculosis,
tuberculosis cutis and its related diseases such as lupus
vulgaris, tuberculosis verrucosa cutis, scrofuloderma,
erythema induratum Bazin and infectious diseases of
atypical mycobacteria should be taken into considera-
tion. .

Izumi et al., (1993) reported the distribution of anti
-LAM-B antibodies in non-leprous sera in Japan and
South Sulawesi, Indonesia. According to their studies,
the numbers of anti-LAM-B-IgG- antibody positive non
-leprous subjects in Japan and Indonesia were 18 (4.99%)
out of 367 and 20 (12.49%) out of 161, respectively. In
comparison, the positive rate of anti-LAM-B-IgG anti-

. bodies in Ecuador was relatively high, showing a rate of
19.6%. From these results, we suspected that there
might be large numbers of inhabitants infected sub-
clinically by the bacillus and some of them have the
possibility of showing symptoms of the disease.

In the present study, no correlation between positive
rates of antibodies (anti-PGL-I and anti-LAM-B anti-
bodies) and prevalence rates of leprosy was observed in
each area of Ecuador. In Manabi, Ecuador, the preva-
lence rate of leprosy was 0.10-0.16 per 1,000 inhabitants,
showing a relatively low rate. But the anti-PGL-I
-seropositive rates of the patients and their family in
Los Ranchos, Manabi (84.6%) were higher than the
average positive rate (42.29%) of all subject in several
areas in Ecuador. From the data shown in Table 5, it
was considered that PGL -IgG and IgM- positive cases
were bacteriologically and immunologically active
patients.

In general, the values of anti-PGL-IgM and LAM
-B-1gG antibodies were used for serological diagnosis of
leprosy because the combination thought to be clinically
useful for the diagnosis in early stage of the disease. As
shown in Table 6, three leprosy patients were positive
for PGL-IgM and LAM-IgG. The value of anti-LAM-B
-IgM antibody was thought to be unreliable, because of
the low of cut off value (>0.19 OD unit). But a strong
positivity of LAM-IgM might be an indicator for the
diagnosis of leprosy, because three out of four leprosy

patients, were strongly positive for LAM-IgM (data not
shown). As the subjects, G-5 and G-12, were positive
for PGL-IgG and -IgM, they should be watched for the
development of the disease symptoms, though no clinical
findings of leprosy were observed in the present exami-
nation.

Correlation of the skin tests between cutaneous
leishmaniasis and leprosy was partly found; three out of
four leprosy patients showed positive reaction to Leish-
mania promastigotes antigen. From this result, it would
be speculated that the specific defect of cell-mediated
immunity for M. leprae might be covered by other
activated cellular immunity.
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Figure 1 The location of Mozambique in Africa.
Mozambique lies between 10°~27°S and 30°
~41°W.
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Figure 2 The average temperature and rainfall of main cities in
Mozambique. Japanese 2nd Movement Control Com-
pany stayed in Matola (38 members) and Dondo (10

members).
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Table 1 Side effects with mefloquin (48 persons) Follow-
ing symptoms were gotten by 4 month question-
naire. Two of the general fatigue cases are also
part of the headache group.

R Beginning of side effects
Side effects Number of cases W T IM [ 2M | 3M
General fatigue 8 (16.7%) 2 2 1 3
Headache 6 (12.5%) 1 1 2 2
Nausea * Vomiting 2 (4.2%) 1 1
Vertigo 1 (2.1%) 1
Diarrhea 1 (2.1%) 1
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Figure 3 Comparison of CBC test between Pre-departure and Post-return
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Table 2 Eight members had abnormal liver functions in
post-return test. This shows the change of liver
functions among Pre-departure, 3 month and
Post-return testing periods.
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Figure 4 ONUMOZ Malaria
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Figure 5 Portugal malaria
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Table 3 Reports on side effects with mefloquin

1. Survey’ of European staying in east Africa:

Nausea (10.7%)
Vertigo (6.7%)
Headache ( 6.1%)

2. Survey of German travelers:
occurrence of psychic symptoms
1/13,000 (prophylactic)

3. Report from C.D.C.:
hospitalization rate (3/201, 284)
convulsion (2 cases)
mental disorder (1 case)

4, Survey of Spanish travelers:
mental disturbance (vertigo, headache, euphoria, depres-
sion, uneasy, insomnia, unstable emotions) (11 cases)
eruption (3 cases)

5. Survey of American peace keeping force:
incidents of minor side effects
mefloquin group 39%
chloroquin group 50%

quoted from reference 3)
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SIDE EFFECTS WITH MEFLOQUIN FOR LONG-TERM
MALARIA PROPHYLAXIS

SHIGETO TAKESHIMA
Received August 10, 1994/Accepted October 30, 1994
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‘Mozambique)

-Forty eight members belonged to Japan Self
Defense Force took part in ONUMOZ (Operation des
Nations Unisis en Mozambique) as the second Move-
ment Control Company from Nov. 1993 to Jun. 1994. I
belonged to the company and stayed in Mozambique
during the period. As malaria is rampant in Mozambi-
que, I used mefloquin 250mg/week as prophylaxis follw-
ing the recommendations of ONUMOZ, W.H.O. and the
Ministry of Health in France. In view of the necessary
concentration of the drug and the incubation period of
Plasmodium falciparum, we took the drug from the day
one week before we left Japan to the day four weeks
after returning. The total tablets each members took
was 36 (except for four who dropped out). We inves-
tigated the symptomatic and laboratory side effects of
this prophylactic treatment.

The following symptoms were observed as side
effects of mefloquin: general fatigue 16.7%, headache
12.5%, nausea & vomiting 4.2%, vertigo 2.1%, diarrhea
2.1% (two cases each of general fatigue and headache
overlapped). Mean WBC was evevated post-return in

comparison to pre-departure. Liver function of four
cases deteriorated slightly in comparison to predepar-
ture, three months after arriving, and post-return. Two
each members who suffered general fatigue and head-
ache prolonged the period of taking the drug for one
week to two weeks from 4 months after arriving to 4
weeks after returning because the symptoms had wor-
sened. But there were no serious side effects during the
prophylactic period.

Over 200 members of ONUMOZ contracted malaria
from Feb. 1994 to Apr. 1994, but I had no malaria
outbreak in the Japanese contingent.

ONUMOZ provided mefloquin to all members for
prophylaxis and two out of three field hospital used
mefloquin for malaria treatment as the first choice, but
no malaria resistant to mefloquin had been reported as
of the beginning of August 1994.

We conclude that mefloquin is effective for malaria
prophylaxis in Mozambique, and minor side effects are
observed in only 33.3% of subjects in good health.

Department of Surgery, Sapporo General Hospital Japan Self Defense Force
Department of Surgery, Sapporo General Hospital Japan Self Defense Force 12-1 1jo Hiragishi Toyohira Sapporo Hokkaido

Tel. 011-831-0161 (EXT. 232)
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March April

May
2

Date 130.31,1,2,3.4,5,6, ,,11,12,13,14,15, ,, 23,24,25.26,27,28,29.30, 1 , 2,

Platelet Concentrate (10 Units each)

Voltaren Suppo™ Whole Blood

Therapy oo Sow (50mg each) (30 Units)

Admission b

Temp.
(°C) 39 +

38 i i

317

35
WBC (/mm?®) 3000 2800 3500 3000 17300 20400
RBC (x10*/mm?®) 364 364 374 368 223 233
Hb (g/dl) 12.2 12.2 12.6 12.4 12 16
Ht (%) 36.1 35.9 36.4 35.6 22.1 229
Pit (x10*/mm?) 5.8 5.8 4.7 4.1 2.7 21
ESR 1h (mm) 32 50 60
No. of ../ 10* RBCs 0 (Apr.17)0 6 550 190
P.1. titer <14 1:256 1:256
P.v. titer <1.4 1116 1.4

Figure 1 Clinical course of the patient.

Table 112, ZLUTC5H 1 BoMEEBREELG:
Photo. 1 27”9,
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Table 1 Laboratory findings

Date April 2 April 25, May 2
TP (g/dl) 7.0 7.1 4.0
ALB (g/d{) 3.4 3.5 2.2
TTT (U) 8.7 8.5 7.9
ZTT () 22.9 23.3 12.0
T-Bil (mg/d/l) 0.7 1.2 11.0
D-Bil (mg/d{) 0.2 0.4 5.8
GOT (IU) 69 81 7710
GPT (IU) 75 57 1425
LDH (IU) 531 553 15105
ALP (K-U) 17.2 14.3 36.5
y-GTP (1U) 35 31 14
LAP (JU) 73 79 91
ChE (IU) 197 232 138
UN (mg/d/) 7.7 29.5 83.4
Creatinin (mg/d/) 0.8 1.3 4.7
Na (mEq//) 135 138 145
K (mEq/1) 3.5 3.3 6.8
Cl (mEq/1) 102 102 95
Ca (mg/dl) 8.6 8.1 6.4
B-Glu (mg/dl) 93 82 367
T-cho (mg/dl) 172 149 50
TG (mg/dl) 84 130 110
CRP 6.9
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V7 OORBEROGEREEFEIBEELTCVwE, BBIDEF
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Photo. 1 Giemsa-stained blood smear of the patient showing ring forms,
and a gametocyte of Plasmodium falciparum.
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A CASE OF ACCIDENTAL TRANSMISSION OF
PLASMODIUM FALCIPARUM THROUGH PLATELET
TRANSFUSION

SHIGEYUKI KANO AND MAMORU SUZUKI
Received September 2, 1994/Accepted October 15, 1994

[Case] The patient was a Japanese female, 70 years
of age, living in Funabashi, Chiba, and had never been
abroad. The woman was suffering from throm-
bocytopenia and received a total of 60 units of platelet
concentrate during the period, 4-13 April, 1991. On April
24, she manifested a fever of 39°C which was success-
fully treated with Voltaren Suppo™, a non-steroidal
anti-inflammatory drug. Her body temperature
remained normal until May 1, when she suddenly devel-
oped symptoms of cerebral malaria, liver and renal
dysfunctions. In the early morning of May 2, she lost
consciousness and went into cardiac arrest. Giemsa
stained thin blood smears obtained for blood cytological
examination which were kept at the laboratory of the

hospital, later revealed that she had contracted Plas-

modium falciparum malaria. The parasitemia from
examination of the slides were 09 on April 2, 09 on
April 17, 0.069 on April 25, 5.5% on May 1 and 1.9% just
before her death on May 2. Antibody titers against P.f.
antigen were <1:4 on April 25, 1:256 on May 1 and May
2. These parasitological and serological results con-
firmed that she accidentally received transmission of P.
. through platelet transfusion.

The possibility of transmission of malaria through

platelet transfusion has been discussed by Fajardo and
Tallent (1974), who showed the existence of the parasite
in a platelet of a P.v. infected patient by electron
microscopy. Nevertheless, since platelet packs may
contain some red blood cells, parasites could be carried
by erythrocytes, platelets or both. Still, this report is the
first case of induced malaria resulting from platelet
transfusion, and the 75th case of transfused malaria in
Japan since 1935.

As the number of Japanese who went abroad and of
foreigners who entered Japan increased, so did the
number of imported malaria cases, which were reported
to be not less than 100 in 1993. Therefore malaria is no
longer recognized as a very rare disease in Japan, and
the risk of transfused malaria from donors who have
come back from malaria endemic places has to be taken
into careful consideration. To date, routine examina-
tions on blood supplied at Blood Centers are for hepati-
tis B and C, syphilis, adult T cell leukemia, and AIDS,
but not for malaria. The questionnaire which is used in
obtaining the medical history of donors rarely includes
inquiries on a past history of malaria. Special attention
has to be made for the safety of blood transfusion,
reminding the danger of malaria transmission.

Department of Parasitology, Gunma University School of Medicine, Maebashi, Gunma, 371 Japan
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COMPARISON OF POPULATION OF VECTOR
MOSQUITOES OF DIROFILARIA IMMITIS
AND THEIR NATURAL INFECTION RATES
IN SOUTHERN AND NORTHERN PARTS
OF NAGASAKI CITY, JAPAN

TsuToMU ODA!, OSAMU SUENAGAZ?, MAKOTO ZAITSU?®,
KENJ1 KUROKAWA?, KOICHIRO FUJITAS, YASUNORI OGAWAS,
IcHIRO YAMAZAKI®, KUNIHIRO IIDA® AND MARIKO MINE?
Received September 1, 1994/Accepted October 3, 1994

Abstract: Female mosquitoes including Culex pipiens pallens, the main vector of Dirofilavia immitis, and
some secondary vectors, were collected at 4 to 10 sites in Nagasaki City from 1983 to 1989 using light traps,
and the number of the mosquitoes and the natural infection rate with D. immitis were compared between the
southern and the northern parts of the city. In 1983, Cx. p. pallens was extremely prevalent in the southern
part but not in the northern part. After 1986, the prevalence of Cx. p. pallens became very low in both the
parts. The rapid decrease of prevalence of this species may be attributable to the decrease in breeding sites
by improvement of roads and open roadside ditches in parallel with spread of sewage systems. On the basis
of the number of infected mosquitoes in Nagasaki City, it was suggested that, Cx. fritaeniorhynchus and Ae.
albopictus are important vectors in addition to Cx. p. pallens, but Ae. togoi does not play a significant role

in the transmission of D. immitis.

INTRODUCTION

We previously reported that the percentage of
house dogs having the larvae of Dirofilaria immitis
increased from 1968 to 1983 in the eastern, the western
and the southern parts of Nagasaki City, but this per-
centage decreased during the same period in the north-
ern part of the city (Oda ef al., 1993). We also assumed
that the decrease of the infection rate of house dogs in
the northern part be due to the spread of public sewage
systems contributing to the reduction of breeding sites
of the main vector mosquito, Culex pipiens pallens. To
test the validity of this assumption, we compared the
number and the natural infection rate of Cx. p. pallens,
caught by using light traps, between the southern and
the northern parts of this city during the period from

1983 to 1989, and analyzed the data in relation to the
development of public sewage systems. Furthermore,
we attempted to clarify the role of some secondary
vector mosquitoes in the transmission by comparing the
population densities and the natural infection rates.

PLACES AND METHODS

Between 1983 and 1989, we collected mosquitoes
including Cx. p. pallens, which is the main vector mos
quito, and three secondary vectors ( Cx. tritaenio-
rhynchus, Ae. albopictus and Ae. fogot), using light traps
(20 watt black light), in the southern part of Nagasaki
City where the microfilaria positive rate was high and in
the northern part where the positive rate was low. In
1983, we placed a trap in each of two southern districts

'Department of General Education, the School of Allied Medical Sciences, Nagasaki University, 1-7-1 Sakamoto, Nagasaki 852, Japan
*Reference Center, Institute of Tropical Medicine, Nagasaki University, 1-12-4 Sakamoto, Nagasaki 852, Japan
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Table 1 Period and place of mosquito collection in Nagasaki City

Date and (times) of Southern part Northern part
collection Trap. No. | District No. and name  Place of collection | Trap. No. | District No. and name  Place of collection
1983 S1 28 Fukahori Building N1 39 Nishiurakami Building
Jul. 28-Oct. 21 . . e -2
(13) S2 27 Doinokubi Building N2 34 Sakamoto Building
1986 S3 | +25 Tomachi Building N3 | 35 Takao Building
Aug. 18-Sep. 27 ] e o
(24) S4 25 Tomachi Building N4 35 Takao Building
1987

J(gi.)l-Sep. 1 S5 25 Tomachi House N5 36 Yamazato House
1988 S6 25 Tomachi House N6 34 Sakamoto House
Jun. 10-Aug. 11 S7 25 Tomachi House N7 34 Sakamoto House
;3;; S8 25 Tomachi House N8 34 Sakamoto House
Jun. 5-Aug. 10 S9 25 Tomachi House N9 34 Sakamoto House
(20)

S and N show southern and northern parts, respectively.

(Doinokubi and Fukahori) and two northern districts
(Nishiurakami and Sakamoto). These four light traps
were, as a rule, lit for operation twice weekly. In 1986,
we placed 2 traps in a southern district (Tomachi) and
2 in a northern district (Takao), and collected mos-
quitoes three or four times weekly. In 1987 through
1989, we placed a trap in 5 houses which had microfilaria
-positive dogs in each of the southern and the northern
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Figure 1 A map* showing district No. and place of light
traps for collection of vector mosquitoes in sourth-
ern and northern parts of Nagasaki City (see
Table 1 for district No. and trap No.).

*Cited from Suenaga et al., 1971.

parts of the city. These light traps were lit three or four
times weekly. Table 1 shows the survey sites and
periods. Fig. 1 shows the locations where light traps
were placed. The names and lot numbers for Nagasaki
City districts were derived from the residence list of the
parts used by Suenaga et al. (1971). The mosquitoes
collected were identified and kept at —12°C. Under a
stereomicroscope, female mosquitoes were dissected in
physiological saline and examined for larvae of D.
immitis. The developmental stages of larvae were
decided using the classification of Suenaga (1972).

RESULTS

1. Population and natural infection rate of the main
vector mosquito, Cx. p. pallens, in the southern and
the northern parts '

1. Number of Cx. p. pallens

Table 2 shows the monthly numbers of female Cx. .
pallens in the southern and the northern parts in 1983. In
two southern districts with considerably high microfilar-
ia positive rate in dogs where Trap S1 and S2 were
operated, larger numbers of mosquitoes were caught in
July through October, compared with two northern
districts with low positive rate where Trap N1 and N2
were operated. A comparison of the mean numbers
revealed that the number of Cx. p. pallens caught in the
southern part was about three times larger than that in
the northern part.

Table 3 shows the data obtained in 1986 in Tomachi
(a southern district with high microfilaria positive rate)
and in Takao (a northern district with a little high



Table 2 Number of Culex pipiens pallens females collected by a light trap
in southern and northern parts in Nagasaki City, 1983
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No. of females collected in the No. of females collected in the
M.onth and indicated trap* in southern part indicated trap* in northern part
(times) of ST S2* Total N1 N2 Total
collection
No. (Mean) | No. (Mean) | No. (Mean**)| No. (Mean) | No. (Mean) | No. (Mean**)
Jul. (2) 7 (3.5) 5 (2.5) 12 (3.0) 2 (1.0) 5 (2.5) 7 (1.75)
Aug. (5) 41 (8.2) 34 (6.8) 7% (7.5) 4 (0.8) 12 (2.4) 16 (1.6)
Sep. (4) 8 (2.0) 4 (1.0) 12 (1.5) 2 (0.5) 7 (1.75) 9 (1.13)
Oct. (2) 11 (5.5) 2 (1.0) 13 (3.25) 2 (1.0) 3 (1.5) 5 (1.25)
Total  (13) 67 (5.15) 45 (3.46) | 112 ( 4.3D) 10 (0.77) 27 (2.08) 37 (1.43)

* Trap No. is shown in Table 1.
**Mean number of females indicates mean per trap per night.

Table 3 Number of Culex pipiens pallens females collected by a light trap
in southern and northern parts in Nagasaki City, 1986

No. of females collected in the No. of females collected in the
l(VtI.onth) anfd indicated trap* in southern part indicated trap* in northern part
1es) o S 3* S 4 Total N 3* N 4* Total
collection

No. (Mean) | No. (Mean) | No. (Mean**)| No. (Mean) | No. (Mean) | No. (Mean**)
Aug. (2) 1 (0.5) 0 (0.0) 1 (0.25 0 (0.0) 0 (0.0) 0 (0.0)
Sep. (4) 2 (0.5) 0 (0.0) 2 (0.25) 1 (0.25 1 (0.25 2 (0.25)
Total (6) 3 (0.5) 0 (0.0) 3 (0.25 1 (0.17) 1 (0.17) 2 (0.17)

* Trap No. is shown in Table 1.
**Mean number of females indicates mean per trap per night.

microfilaria positive rate).
1983, only a few Cx. p. pallens were caught in the both
districts in 1986 (Table 3). Then we placed a light trap
in 5 households keeping dogs positive for microfilariae

In contrast to the data in

Table 4 Number of Culex pipiens pallens females collected by a light trap
in southern and northern parts in Nagasaki City, 1987-1989

in each of three districts (Tomachi in the southern part,
and Sakamoto and Yamazato in the northern part), and
examined the number of Cx. p. pallens caught during the
three-year period from 1987 to 1989. As shown in Table

Year and No. of females collected in the indicated trap* in southern part
(time) of S 5* S 6* ST S 8* S 9* Total
collection No. (Mean) | No. (Mean) | No. (Mean) | No. (Mean) | No. (Mean) | No. (Mean**)
1987 (24) 0 (0.0) 5 (0.21) 0 (0.0) 2 (0.08) 4 (0.17) 11 (0.09)
1988 (27) 3 (0.1 3 (0.11 1 (0.04) 0 (0.0) 0 (0.0) 7 (0.05
1989 (20) 1 (0.05 1 (0.05 2 (0.1) 1 (0.05 2 (0.1) 7 (0.07)
No. of females collected in the indicated trap* in northern part
K‘:’;Z;‘r(’)‘i N 5* N 6* N 7* N 8* N 9* Total
collection No. (Mean) | No. (Mean) | No. (Mean) | No. (Mean) | No. (Mean) | No. (Mean**)
1987 (24) 0 (0.0) 6 (0.25) 12 (0.5) 7 (0.29 1 (0.04) 26 (0.22)
1988 27 0 (0.0) (0.07 5 (0.19) 3 (0.1D 0 (0.0) 10 (0.07)
1989 (20) 0 (0.0) 2 (0.1) 3 (0.15) 1 (0.05) 4 (0.2) 10 (0.10)

* Trap No. is shown in Table 1.
**Mean number of females indicates mean per trap per night.
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Table 5-1 Annual changes in rate of population using a sewage system in
southern and northern parts in Nagasaki City, 1983-1986

. Year
Distict 1983 1984 1985 1986
Part Total | Population| RPSS** Total | Population { RPSS** Total |Population| RPSS** Total | Population| RPSS**
No.  Name population | using SS* population | using SS* population | using SS* population | using SS*
(A) (B) (B/AX100)|  (A) (B) (B/AX100)| (A) (B) (B/AX100) (A) (B) (B/AX100)
20 Sako 6,934 4,802 69.3 6,781 5,035 74.3 6,877 5,705 83.0 6,912 5,900 85.4
21 Nita 5,144 1,410 27.4 5,022 1,671 33.3 5,052 2,552 50.5 5,138 3,218 62.6
22 Kitaohura 12,548 1,379 11.0 12,410 1,503 12.1 12,185 1,751 14.4 11,927 2,059 17.3
23 Minamiohura 6,999 0 0.0 6,848 0 0.0 6,698 0 0.0 6,598 0 0.0
24 Naminohira 3,531 0 0.0 3,415 0 0.0 3,318 0 0.0 3,122 0 0.0
25 Tomachi 15,496 0 0.0 15,408 0 0.0 15,459 4,719 30.5 15,490 5,190 33.5
26 Kogakura 5,715 0 0.0 5,609 0 0.0 6,167 4,805 77.9 6,869 5,335 7.7
Southern 27 Doinokubi 15,034 0 0.0 15,289 0 0.0 15,382 0 0.0 15,329 0 0.0
28 Fukahori 11,275 0 0.0 11,452 0 0.0 11,241 0 0.0 10,920 0 0.0
29 Minami 993 0 0.0 988 0 0.0 986 0 0.0 990 0 0.0
30 Mogi 7,504 1,490 19.9 17,515 1,410 18.8 7,615 1,402 18.4 1,787 1,330 17.1
31 Hayasaka 5,846 0 0.0 5,832 0 0.0 5,908 0 0.0 5,821 199 3.4
32 Hiyoshi 1,615 0 0.0 1,612 0 0.0 1,575 0 0.0 1,565 0 0.0
Total 98,634 9,081 9.2 98,181 9,619 9.8 98,463 20,934 21.3 98,468 23,231 23.6
33 Zenza 6,449 4,869 7.5 6,413 4,932 76.9 6,236 5,035 80.7 6,194 5,242 84.6
34 Sakamoto 10,874 6,621 60.9 10,848 6,616 61.0 10,724 6,767 63.1 10,737 7,211 67.7
35 Takao 18,620 1] 0.0 18,984 0 0.0 18,860 0 0.0 18,694 0 0.0
36 Yamazato 11,754 1,820 15.5 11,438 1,752 15.3 11,531 1,799 15.6 11,650 1,748 15.0
37 Nishishiroyama 13,352 0 0.0 13,665 0 0.0 13,982 0 0.0 14,126 0 0.0
38 Shiroyama 6,153 0 0.0 6,132 0 0.0 6,001 0 0.0 6,030 0 0.0
Northern| 39 Nishiurakami | 23,790 | 3,063 2.9 | 19,744 95 5.0 | 19,649 %4 49| 1950 | 1,064 5.4
40 Nameshi 39,120 38,622 9.7 39,336 38,584 9.1 39,663 40,474 102.0 39,758 40,974 103.1
41 Nishikita 12,179 404 3.3 12,108 564 4.7 12,222 551 4.5 12,386 551 4.4
42 Nishimachi 17,228 0 0.0 16,973 0 0.0 16,841 0 0.0 16,878 0 0.0
43 Kawabira 6,926 0 0.0 4,478 0 0.0 4,401 0 0.0 4,392 0 0.0
Total 166,445 55,399 33.3 160,119 53,443 3.4 160,110 55,590 3.7 160,435 56,850 35.4

* SS: sewage system
**RPSS: the rate of population utilizing a sewage system.

4, the number of Cx. p. pallens caught was again very
small in each district.

2. Relationship between Cx. p. pallens population and

development of sewage system

The sharp decrease in number of Cx. p. pallens in
the southern and the northern parts of Nagasaki City
during the 1986-1989 period seems to be associated with
the improvement of public sewage systems. Tables 5-1
and 5-2 show annual changes in the rate of human
population utilizing sewage systems (RPSS) in the total
population of the southern and the northern parts. The
RPSS values were not so high in Nagasaki City as those
in other cities in Japan, owing to a characteristic topog-
raphy with a lot of steep slopes, which made difficult to
establish the sewage system. In 1983 and 1984, only 4 of
the 13 southern districts had sewage systems. After
1985, sewage systems were found in about half of all
southern districts. The RPSS for the southern part was

low in 1983 (9.2%) and 1984 (9.8%). It was doubled in
1985 (21.3%) and further rose to 37.0% in 1989. In the
northern part, sewage systems were already present in
1983 and 1984 in 6 of the 11 districts. The RPSS was
about 33.09% in 1983 and 1984, which was much higher
than the rate for the southern part. It is therefore
evident that sewage systems had been better developed
in the northern part than in the southern part of this city
around 1983.

Fig. 2 shows the relationship between the RPSS and
the number of Cx. p. pallens caught in individual dis-
tricts. The values of RPSS used in this figure were
derived from Tables 5-1 and 5-2. The RPSS value in
1983 for the southern part is the average for Fukahori
and Doinokubi, and the value for the northern part is the
average for Nishiurakami and Sakamoto. Because
Takao, Sakamoto and Yamazato were located close to
each other, the RPSS values in 1984 through 1989 for
these three districts in the northern part were averaged.
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Table 5-2 Annual changes in rate of population using a sewage system
in southern and northern parts in Nagasaki City, 1987-1989

Distri Year
istrict 1987 1988 1989
Part Total | Population | RPSS** Total | Population | RPSS** Total | Population| RPSS**
No.  Name population | using SS* population | using S$* population | using SS*
(A) (B) (B/AX100) (A) (B) (B/A X100) (A) (B) (B/AX100)
20 Sako 6,744 5,959 88.4 6,554 6,217 94.9 6,352 5,940 93.5
21 Nita 5,330 4,097 76.9 5,216 428 8.2 5,071 4,313 85.1
22 Kitaohura 11,753 2,354 20.0 11,392 2,809 24.7 11,137 2,848 25.6
23 Minamiohura 6,408 0 0.0 6,361 0 0.0 6,213 0 0.0
24 Naminohira 3,110 0 0.0 3,036 0 0.0 2,979 0 0.0
25 Tomachi 15,206 6,085 40.0 14,852 6,577 4.3 14,670 7,855 53.5
Southern 26 Kogakura 7,508 5,918 78.8 8,203 6,349 7.4 8,471 6,825 80.6
27 Doinokubi 16,064 550 3.4 16,480 1,277 7.8 16,902 1,737 10.3
28 Fukahori 10,603 0 0.0 10,353 0 0.0 10,007 0 0.0
29 Minami 978 0 0.0 957 0 0.0 950 0 0.0
30 Mogi 7,997 1,311 16.4 8,083 1,307 16.2 8,239 998 12.1
31 Hayasaka 5,803 567 9.8 5,831 1,014 17.4 5,679 1,844 32.5
32 Hiyoshi 1,550 0 0.0 1,544 0 0.0 1,549 0 0.0
Total 99,054 26,841 2711 98,862 29,818 30.2 98,219 32,360 33.0
33 Zenza 6,045 5,206 86.1 5,984 5,176 86.5 5,757 5,029 87.4
34 Sakamoto 10,679 7,260 68.0 10,390 7,105 68.4 10,161 6,868 67.6
35 Takao 18,396 0 0.0 18,424 228 1.2 18,054 839 4.6
36 Yamazato 12,005 1,760 14.7 11,715 2,727 23.3 11,428 3,283 28.7
37 Nishishiroyama 11,594 0 0.0 11,358 0 0.0 11,020 0 0.0
Northern 38 Shiroyama 5,869 0 0.0 5,813 0 0.0 5,775 0 0.0
39 Nishiurakami 19,647 1,116 5.7 19,466 1,291 6.6 19,437 1,337 6.9
40 Nameshi 40,188 41,493 103.2 30,088 40,985 102.2 39,240 39,240 100.0
41 Nishikita 12,246 583 4.8 12,205 600 4.9 12,008 609 5.1
42 Nishimachi 16,826 0 0.0 16,468 0 0.0 16,374 0 0.0
43 Kawabira 4,340 0 0.0 4,249 0 0.0 4,151 0 0.0
Total 57,835 57,418 36.4 166,160 58,112 37.2 153,405 57,205 37.3

* SS: sewage system

**RPSS: the rate of population utilizing a sewage system.
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Figure 2 Annual changes in number of Culex pipiens pallens
females and rate of population using a sewage
system in southern and northern parts in Nagasaki
City, 1983-1989 (see Tables 1 to 5-2).

* Collection was not made.

** Mean number of females/trap/night.

***RPSS shows the rate of population utilizing a sewage system.

The number of Cx. p. pallens was expressed by the mean
per trap per night. As seen in Fig. 2, the southern part
had a high density of Cx. p. pallens and inadequate
public sewage systems in 1983, but the sewage systems
became to be spread widely from 1986, resulting in a
sharp decrease in Cx. p. pallens. Fig. 2 also indicates
that the northern part had less Cx. p. pallens and more
extensive public sewage systems already around 1983,
compared with the southern part. Such sharp decrease
of this mosquito in 1986 on seems to be due to a decrease
in the breeding sites, by improvement of roads and open
roadside ditches in pararell with the spread of sewage
system.

3. Natural infection rates

Table 6 shows the natural infection rate in Cx. p.
pallens. The percentage of larvae-having mosquitoes in
1983 was zero in the northern part, but it was 0.9% in the
southern part. Similar results were also obtained in 1986
and 1988. These results suggest.that Cx. p. pallens were
more abundant and the natural infection rate was higher
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Table 6 Number and percentage of Culex pipiens pallens
females with D. immitis larvae in southern and
northern parts in Nagasaki City, 1983-1989

Southern part Northern part
No. females |No. (B) and (%)*| No. females [No. (B) and (%)*
Year| dissected of females dissected of females
(A) with larvae (A) with larvae
1983 112 1**( 0.9 37 0 (0.0
1986 3 1**(33.3) 2 0 (0.0
1987 11 0 (0.0 26 2**(7.7)
1988 7 1**(14.3) 10 0 (0.0
1989 7 0 (0.0) 10 0 (0.0

* Natural infection rate (B/A x100)
**1st stage larvae

in the southern part than in the northern part.

II. Population and natural infection rates of three
secondary vector mosquitoes in the southern and
the northern parts

For the 1983-1989 period, we analyzed the number
(the mean per trap per night) of Cx. tritaeniorhynchus,

Ae. albopictus and Ae. fogoi and their natural infection
rate (the percentage of D. immitis larvae-carrying
mosquitoes) in the southern and the northern parts of
Nagasaki City.

Table 7 shows the annual number of Cx. tritaenio-
rhynchus for the southern and the northern parts. There
was no significant difference in the annual number of
this mosquito between the southern and the northern
parts. The natural infection rate for this species also did
not differ significantly between the two parts of the city.

The number of Ae. albopictus did not differ signifi-
cantly in any year between the southern and the north-
ern parts (Table 8). The natural infection rate for this
species tended to be little different between the northern
and the southern parts.

The number and the infection rate of Ae. togoi are
shown in Table 9. Any Ae. fogoi were not caught in the
northern part, and the number was very small in the
southern part. Only one female was found to be infected
in the southern part.

Table 7 Number of Culex tritaeniorhynchus females collected in light traps and natural
infection rate in southern and northern parts in Nagasaki City, 1983-1989

Southern part Northern part

Year and (times) | Total No. females Females with Total No. females Females with

of collection (A) collected Mean No.* larvae (A) collected Mean No.* larvae**
and dissected No. (B) (9%)*** and dissected No. (B) (%)***

1983 (13) 115 4.43 1** (0.9 200 7.69 1** (0.5
1986 ( 6) 19 1.59 0 (0.0 26 2.17 0 (0.0
1987 (24) 300 2.50 14**  ( 4.7) 150 1.25 11** (7.3
1988 (27) 593 4.39 2** (0.3) 695 5.15 6** (0.9
1989 (20) 152 1.52 0 (0.0 159 1.59 0 (0.0)

*

Mean number of females/trap/night.
** lst stage larvae

***Natural infection rate (B/A X100)

Table 8 Number of Aedes albopictus females collected in light traps and natural infection
rate in southern and northern parts in Nagasaki City, 1983-1989

Southern part Northern part

Year and (times) | Total No. females Females with Total No. females Females with

of collection (A) collected Mean No.* larvae (A) collected Mean No.* larvae
and dissected No. (B) (%)*** and dissected No. (B) (%)***

1983 (13) 9 0.35 1** (11.1) 10 0.39 0 (0.0
1986 ( 6) 1 0.09 0 (0.0 4 0.34 0 (0.0)
1987 (24) 25 0.21 1** (4.0) 51 0.43 1* (2.0)
1988 (27) 63 0.47 0 (0.0 39 0.29 3** (7.7
1989 (20) 27 0.27 0 (0.0 16 0.16 5**  (31.3)

* Mean number of females/trap/night.

** 1st stage larvae
***Natural infection rate (B/A x100)
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Table 9 Number of Aedes logoi females collected in light traps and natural infection
rate in southern and northern parts in Nagasaki City, 1983-1989

Southern part Northern part
Year and (times) | Total No. females Females with Total No. females Females with
of collection (A) collected Mean No.* larvae (A) collected Mean No.* larvae
and dissected No. (B) (%) *** and dissected No. (B) (%)***
1983 (13) 4 0.16 1**  (25.0) 0 = -
1986 ( 6) 1 0.09 0 (0.0 0 — —
1987 (24) 2 0.02 0 (0.0) 0 — —
1988 (27) 3 0.02 0 (0.0) 0 — —
1989 (20) 2 0.02 0 (0.0 0 — —

*  Mean number of females/trap/night.
** 1st stage larvae
***Natural infection rate (B/A X100)

Table 10 Annual changes in mean number of 3 species of vector mosquitoes
and natural infection rate in Nagasaki City, 1983-1989

Cx. p. pallens Cx. tritaeniovhynchus Ae. albopictus

Year |Mean No.*| Natural Inf.** | Infected No. |Mean No.*| Natural Inf.** | Infected No. |Mean No.*| Natural Inf.** | Infected No.

(A) (B) (AXB) (A) (B) (AXB) (A) (B) (AXB)
1983 2.87 0.45 1.2915 6.06 0.70 4.2420 0.37 5.55 2.0535
1986 0.21 16.65 3.4965 1.88 0.00 0.0000 0.22 0.00 0.0000
1987 0.16 3.85 0.6160 1.88 6.00 11.2800 0.32 3.00 0.9600
1988 0.06 7.15 0.4290 4.77 0.60 2.8620 0.38 3.85 1.4630
1989 0.09 0.00 0.0000 1.56 0.00 0.0000 0.22 15.65 3.4430

* Mean number of females/trap/night.
**Natural Inf. (Natural infection rate in %)

Ill, Comparison of the role in the transmission
among Cx. p. pallens, Cx. tritaeniorhynchus and Ae.
albopictus

From the number and the natural infection rate of
female mosquitoes of three dominant species collected
_ to date, the number of infected females was determined
annually as shown in Table 10. Generally speaking, the
natural infection rate of Cx. tritaeniovhynchus was lower
and the number of the females was much greater than
that of Cx. p. pallens, but the number of infected females
was about as same as that in Cx. p. pallens. On the other
hand, the number of Ae. albopictus, the natural infection
rate and the number of infected females all were similar
to that in Cx. p. pallens.

DISCUSSION

Before 1980, the number of Cx. p. pallens caught in
Tomachi (a southern district) was considerably large
(Oda et al., 1993). From 1986 on, however, the number
has been almost zero. This change in Tomachi may be
attributable to a decrease in the sites where the mos-
quitoes can breed, following environmental changes, i.

e., construction of large-scale apartments after about
1982, completion of southern Nagasaki sewage disposal
plants in 1984, establishment of a sewage system for
Tomachi in 1985 (Tables 5-1 and 5-2), and accompany-
ing changes in roads and open roadside ditches. The
number of Cx. p. pallens in Nagasaki City will further
decrease as the current plan to expand sewage systems
is put into practice.

Suenaga et al. (1973) suggested the principal role of
Cx. p. pallens in the transmission of D. immitis in
Nagasaki City, on the grounds that the number was
larger and the natural infection rate was higher in Cx. p.
pallens than in Cx. tritaeniorvhynchus and Ae. albopictus.
In the present study, the infection rate of Cx. tritaenio-
rhynchus was lower but the number was larger than that
of Cx. p. pallens, resulting in similar numbers of infected
mosquitoes in the both species. This may indicate that
the relative importance of Cx. tritaeniovhynchus in the
transmission has recently become a little higher in
Nagasaki City as Konishi (1989) reported that this
mosquito is important in transmission of D. immitis in
Kobe. Although we can not estimate exactly the popula-
tion size of Ae. albopictus by a light trap because they
are active in daytime, our data showed that the number
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of infected females of Ae. albopictus was not very differ-
ent from that of Cx. p. pallens. Therefore the ability of
transmission of Ae. albopictus seems to be quite high in
the city. Ae. fogoi was caught only in the southern part
and its number was very small, but the natural infection
rate was high. Keegan (1967) was the first to report D.
immitis-carrying Ae. togoi. Prior to the present paper,
however, no survey of D. immitis-carrying Ae. fogoi in
Nagasaki City has been published. Since the number of
Ae. togoi caught was very small, this seems to have little
relationship with the transmission of D. immitis, as
suggested by Suenaga et al. (1973).
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A NEW BLACKFLY SPECIES OF SIMULIUM
(MOROPS) FROM SOLOMON ISLANDS, SOUTH
PACIFIC (DIPTERA: SIMULIIDAE)

HIROYUKI TAKAOKA! AND HIROSHI SUZUKI?
Received September 3, 1994/Accepted October 5, 1994

Abstract: A new blackfly species, Simulium (Morops) kerei sp. nov. is described based on male and pupal
specimens collected from the Solomon Islands, South Pacific. This species is placed in the farciminis-group
by the pupal gill consisting of 1 inflated, horn-like filament and 4 slender filaments. This species is unique
in possessing the parameral hooks in the male genitalia which are absent in all the Papua New Guinean
Morops species. From the known species of the farciminis-group, this species is easily distinguished by the
absence of the distinct hair crest on the male fore basitarsus, and in the pupa by the plate-like terminal
hooks, all terga well-sclerotized, and the normal, wall-pocket-shaped cocoon covering whole of the thorax
and abdomen. This is the first record of the farciminis-group of the subgenus Morops from the Solomon

Islands.

In the Solomon Islands, South Pacific, Stone and
Maffi (1971) reported two species of the subgenus
Movrops Enderlein (i. e., Simulium (M.) sherwoodi Stone
and Maffi, and S. (M.) sp. nr. avilae Smart and Clifford)
from Guadalcanal Island. In 1992 and 1993 one of us (H.
S.) collected larvae, pupae and adults of blackflies in the
Solomon Islands. One new species belonging to the
subgenus Gomphostilbia Enderlein was already described
(Takaoka, 1994). In this paper we describe one new
species which is placed in the farciminis-group of the
subgenus Morops, defined by Crosskey (1967). The
uniqueness of this species within the species-group, as
well as within the subgenus is indicated.

DESCRIPTION

Simulium (Morops) kervei sp. nov.
Male. Body length ca. 3.0 mm. Head. Width somewhat
wider than thorax. Upper eye consisting of large facets
in 12 horizontal rows and in 11 vertical columns.
Clypeus black, densely covered with hairs (except
sparsely in the center). Antenna composed of 2 + 9
segments; 1st flagellomere somewhat elongated, ca. 1.3
X as long as 2nd flagellomere. Maxillary palp com-
posed of 5 segments with proportional length of 3rd, 4th
and 5th segments '1.0: 0.9: 2.1; 3rd segment (Fig. 1) of
normal size with small, elliptical sensory vesicle which

is 0.22 X length of 3rd segment, and bears small,
rounded opening medially. Thorax. Scutum brown uni-
formly and densely covered with yellow pubescence.
Scutellum with long dark hairs and yellow pubescence.
Postscutellum brown, without hairs. Pleural membrane
with ca. 56 yellow pubescence. Katepisternum longer
than deep, with ca. 30 dark hairs on each side. Legs.
Fore basitarsus slightly dilated, ca. 6.0 X as long as
wide, with usual dorsal hair crest. Hind basitarsus (Fig.
2) parallel-sided, much narrower than tibia. Calcipala
(Fig. 2) well developed, ca. 1.4 X as long as wide and ca.
0.8 X as wide as basitarsus. Wing. Costa with spinules
and hairs; subcosta bare; basal section of vein R fully
haired; hairs at base of stem vein dark brown; basal cell
absent. Abdomen. Basal scale dark with fringe of long
yellow hairs. Abdominal segments 2-9 blackish except
segment 2 pale on basal 1/2; tergite 2 broadly shiny
when illuminated, and tergites 5-7 each with pair of
large dorsolateral shiny areas. Genitalia (Figs. 3-7).
Coxite rectangular in ventral view, ca. 1.5 X as long as
wide. Style short, ca. 3/4 X length of coxite, curved
inwards, tapered apically, with terminal spine. Ventral
plate (Fig. 3) transverse, narrowed posteriorly, with
posterior margin nearly straight or undulate or concave
(different by angles) in ventral view, moderately setose
on ventral and posterior surface, with short arms
converged; ventral plate much produced ventrally as

1, Division of Medical Zoology, Oita Medical University, Hasama, Oita, Japan 879-55
2, Department of Virology, Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan 852
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Figs. 1-9. Male and pupa of Simulium (Morops) kerei sp. nov. 1, 3rd segment of male maxillary palp
showing sensory vesicle; 2, male hind leg (coxa and trochanter omitted); 3, coxite, style (right
side only) and ventral plate in ventral view; 4, ventral plate and median sclerite in lateral view;
5, ventral plate in end view; 6, parameres showing distinct parameral hooks in posterodorsal view;
7, median sclerite; 8, pupal gill (right side only) in lateral view; 9, terminal hooks of pupal abdomen

in end view.

seen in Figs. 4 & 5. Parameres (Fig. 6) each with 3
distinct parameral hooks and several undeveloped ones.
Median sclerite (Fig. 7) plate-like, moderately sclerot-
ized except distal portion transparent.

Pupa. Body length (excluding gill filaments) ca. 3.0 mm.
Head and thorax. Integument brown, bare except poste-
rior 1/2 moderately covered with small tubercles; anten-
nal sheath of usual form. Head with 1 facial pair of

long, bifid trichomes and 3 frontal pairs of long, simple
trichomes. Thoracic trichomes 6 pairs (5 anteriorly, 1
posterolaterally), all long and simple except 3 or 4
anterodorsal pairs bifid. Gill (Fig. 8) with 1 inflated,
horn-like filament (0.8-1.0 mm long) and 4 slender fila-
ments (1.0-1.4 mm long) arising at base from dorsal and
interolateral surface of horn-like filament; all filaments
brown except base of horn-like filament transparent
ventrally, and covered uniformly and densely with



minute tubercles; horn-like filament gradually tapered
toward apex, thick-walled, irregularly with several
annular constrictions; 4 slender filaments very slightly
tapered toward apex, with numerous annular furrows.
Abdomen. All terga brown, sclerotized, with interseg-
mental transparent space; terga 1 and 2 without tuber-
cles; tergum 1 with long seta on each side; tergum 2 with
6 simple setae on each side, 1 seta much longer than
others; terga 3 and 4 each with 4 hooked spines directed
forward along posterior margin on each side; terga 6-9
each with spine-combs in transverse row and comb-like
groups of minute spines on each side; tergum 5 devoid
of spine-comb; tergum 9 with a pair of plate-like
terminal hooks which are serrated on ourter margins
(Fig. 9). Sternum 4 with a simple hook and a few
minute setae on each side; sternum 5 with a pair of bifid
hooks on each side; sterna 6 and 7 each with a pair of
bifid inner and bifid or simple outer hooks; comb-like
groups of minute spines present medially and laterally
on sternite 4, submedially each on sterna 5-7 and medi-
ally on sternite 8; grapnel-like hooklets absent on each
side of last segment. Cocoon. Simple, wall-pocket-
shaped, tightly woven, extending ventrolaterally in some
cocoons but not in others, covering whole of thorax and
abdomen; anterior margin strongly woven and well
defined; floor formed on posterior 1/2.

Female and larva. Unknown.

Type Specimens. Holotype &', dissected out of pupa,
slide mounted together with pupal exuvia, collected at
Noro, New Georgia Island, New Georgia Islands, West-
ern Province, Solomon Islands, 5. IX. 1992, H. Suzuki.
Paratypes 1 pharate &, 3 pupal exuviae, in alcohol,
same data as holotype. Holotype and one of paratypes
will be deposited at the Natural History Museum,
London, U. K. and other paratypes will be deposited at
Bishop Museum, Honoluly, U. S. A, and at the Carnegie
Museum Natural History, Pittsburgh, U. S. A. '

Ecological notes. The pupae were collected from trai-
ling grass leaves in a small, fast-flowing stream with
width of 1-2m, running in a natural forest, midpoint
between Munda and Noro, together with S. (G.) hiroshii
Takaoka, S. (M.) sherwoodi and S. (M.) sp.

Etymology. This new species is named after Dr. N.
Kere, Permanent Secretary, Ministry of Health and

Medical Services, Solomon Islands, for his cooperation.

Remarks. Simulium (M.) kerei is assigned to the sub-
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genus Morops by having hairs on the katepisternum and
pleural membrane of the male adult, although female
adult and mature larva are not available: This species
is further placed in the farciminis-group of.the subgenus,
defined by Crosskey (1967), by the form of the pupal gill
which consists of 1 inflated, horn-like. fllament and 4
slender filaments. However, this species’is.unique in
possessing the distinct parameral hooks’in!
genitalia which are absent in all Morops specu;s reported
from Papua New Guinea and Australia.: Thls species
has also a few characters which depart from ’th,e diag-
noses for the farciminis-group: i. e., 'th‘é' absence of
distinct dorsal hair crest on the fore bzfsnarsus the
cocoon of no short form but of normal. for .covering
whole of the thorax and abdomen, the pupal erga well
sclerotized, and terminal hooks not cone- shapec} but
plate-like with serrate outer margin. Either of these
characters easily separates S. (M.) kerei from the
known species of this species—group. The pupal gill
itself most closely resembles that of S. (M.) wantoatense
Smart and Clifford from Papua New Guinea (Smart and
Clifford, 1965), although in the latter species there are
distinct tubercles on the surface of horn-like filament,
and 2 of 4 slender filaments arise a little distant from the
base of the other 2 filaments. Apart from those charac-
ters mentioned above, this species also differs from the
latter species by the narrow male hind basitarsus, and
the absence of saw-like projections on the pupal anten-
nal sheaths. The male hind basitarsus is enlarged, and
pupal antennal sheaths are provided with saw-like pro-
jections in S. (M.) wantoatense and 4 other related
species of the farciminis-group (the presence of the
latter character has been confirmed in the specimens
held in the Natural History Nuseum, London by H. T.).
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GROWTH INHIBITION OF CULTURED
PLASMODIUM FALCIPARUM BY
IMMUNE SERUM FROM TANZANIA.

THOMAS B. NYAMBO' AND HIROJI KANBARA
Received April 22, 1994/Accepted September 15, 1994 ‘

Abstract: The inhibition titers of sera from adult residents in Dar e$ Salaam; T'anzania to intraerythrocytic
growth of Plasmodium falciparum were not correlated to their antibody titéyrsfby‘ immunofluorescence and
enzyme immunoassay, and did not exhibit specificity to the strain with a certain MSA-1 gene. Another
inhibitory factor(s) was found in a low molecular fraction with molecular weight less than 30,000 that was
separated from a high molecular fraction by centrifugation on a membrane filter (centriprep-30, Amicon).
This factor induced morphological changes of intraerythrocytic parasites and was thought to correspond to
crisis form factor (CFF) by Jensen ef al. (1982). The factor was shown to remain in the serum of an adult
Tanzanian who had lived in a non-malarious area six months prior to the commencement of this study and
to be contained in a hyperimmune serum from a Japanese patient even though on a low level,

INTRODUCTION

Various humoral factors in immune sera to inhibit
malaria parasite growth were described by Mcgregor
and Wilson (1988). Although intraerythrocytic growth
inhibition has been considered to be associated mostly
with antibodies, Jensen et a/. (1982, 1983 & 1984) have
shown that sera from Sudanese living in malaria
endemic areas contained factors independent of anti-
bodies which induced crisis forms of erythrocytic stages
of P. falciparum and which were absent in Indonesian
immune sera with high immunofluorescence antibody
(IFA) titer. These results suggested the presence of two
different and ethnogenetically biased humoral mecha-
nism for elimination of asexual blood forms. In the
present work we examined the inhibitory pattern of
Tanzanian sera to cultured P. falciparum in relation to
anti-malaria antibodies. Furthermore serum samples
were devided into a high (HMF) and a low molecular
fraction (LMF) by centrifugation on a cut off mem-
brane filter for Mr 30,000 to specify the growth inhibi-
tory factors.

MATERIALS AND METHODS

Serum samples and parasite strains.

Twenty five serum samples were collected from
adult malaria patients in Muhimbili Hospital in Dar es
Salaam, Tanzania where malaria is hyperendemic. The
samples were collected in sterile tubes and preserved
with 0.05% sodium azide prior to transportation. A
serum sample T was obtained from a Dar es Salaam
resident, a 39-year-old man who had lived in a nonen-
demic area, Japan for six months prior to this study and
another sampe M was from a Japanese malaria patient,
a 43-year-old man who had contracted the disease while
on visit to Mozambique four months before and
repeated recrudescence till the serum collection. Before
use the Tanzanian serum samples were freed of sodium
azide by Sephadex G-25 column chromatography, and
were screened for chloroquine (CHQ) according to the
modified Hanskins method (Hanskins MM II) as de-
scribed by Mount ef al. (1987). Control samples were
obtained from voluntary persons in Japan. Part of the
serum samples were diluted 2.5 fold with serum free
RPMI 1640 media, devided into two fractions by
centrifugation at 3,500 rpm for about 55 minutes using

Department of Protozoology, Institute of Tropical Medicine, Nagasaki University, 1-12-4 Sakamoto, Nagasaki 852, Japan
Present address, Department of Biochemistry, Faculty of Medicine, Muhimbili University College of Health Sciences, 65001 Dar

es Salaam, Tanzania
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centriprep-30 concentrator (Amicon, USA) at a cut-off
of Mr 30,000. The filtered low molecular frak;tipn
(LMF) was kept alone and the remaining high molecu-
lar fraction (HMF) was adjusted to the original volume
by adding serum free RPMI 1640 media and kept at 4°C
till further use. Three P. falciparum strains FCR, K1
and Thai 836 were used in the inhibition assays. Briefly
the strain FCR was used due to its easiness of culture
and the latter two strains were because they had the
distinct genotype of the precursor of the major mer-
ozoite surface antigen (MSA-1) (Jongwutiwes et al.,
1991). P. falciparum parasites were usually cultured in
group O red blood cells adjusted to 5% hematocrit in a
RPMI 1640 medium supplemented with 109 human
serum as described by Tragar and Jensen (1976) at
humidified conditions of 5% carbon dioxide, 5% oxygen,
90% nitrogen and then overlaid media were changed
with fresh ones everyday.

Enzyme linked immunosorbent assay (ELISA).

FCR strain infected red blood cells with 13% par-
asitemia were processed for antigen preparation accord-
ing to the method by Spencer et al. (1979). Protein
estimate by the method of Lowry in the final super-
natant which was the source of antigen was 3.2 mg/ml.
The antigen was aliquoted and stored at -80°C till fur-
ther use. Microplates (ELISA Plate, MS-3496,
Sumitomo-Bakelite) were coated with 0.2 ml antigen
diluted in 0.06 M carbonate buffer, pH 9.6 at 1 : 300
overnight at 4°C, washed 3 times with PBS, sealed and
kept at 4°C till further use. Prior to use in the next step
the microplates were blocked by Block Ace solution
(Dainippon Pharmaceuticals) according to the manufac-
turer’s instruction. This solution was also used as a
diluent for the following steps. Test serum was diluted
at 1:200. 0.2 ml of diluted serum was run in duplicate
on the antigen coated microtiter plates, incubated at
37°C for two hours. The plates were washed three times
in PBS-Tween and incubated with 0.2 ml of dilute (1 :
500) horseradish peroxidase-conjugated goat IgG frac-
tion to human IgG (Organon Teknika Co.) for two

hours at room temperature. The plates were read at 400
nm after 30 min incubation with 0.3 ml of substrate (o
-Phenylenediamine) at room temperature. The ELISA
titer was expressed as the ratio of OD value of each
sample to that of control.

Immunofluorescence assay (IFA).

Dried thin layer blood slides of parasitised cells
were treated with various dilutions of immune sera and
incubated in moist chamber at 37°C for one hour. The
slides were then washed 3 times with PBS and incubated
with 100 times dilute fluorescein conjugated anti-human
IgG (Fc fragment) (Organon Teknika Co.) in PBS at
37°C for half an hour. The slides were then 3 times
washed with PBS and mounted with 5% glycerol in PBS
for fluoroscopy. The IFA titer was expressed as the
highest dilution that showed positive.

Growth inhibition assays.

Sorbitol synchronized parasites were prepared as
described by Lambros and Vandergerg (1979). After an
overnight culture the synchronous culture with more
than 95% trophozoites was adjusted to 0.5 to 2.5%
parasitemia depending on the experiment and to a
hematocrit of 5% by freshly washed group O red blood
cells. Assays containing final volume of 0.2 ml with ten
times dilute immune serum or LMF or HMF (at final
concentration of 109) were prepared in flat bottomed
96 well culture plates. Where immune serum was used
together with the normal serum, the latter was adjusted
to give the filal concentration of 10%. In one experi-
ment the immune sera were adjusted to final dilutions
from 5 times to 160 times. Culture conditions were as
described earlier and the overlying media were changed
daily for fresh media. Giemsa stained blood films were
examined under the light microscope to ascertain the
level of parasitemia and possible morphological
changes. The inhibition rate was expressed as the ratio
of the difference of parasitemia between control (C) and
sample (S) to control; (C-S/C)x100.

Table 1. IFA titer and growth inhibition rate after 72h incubation to three P. falciparum strains

by four Tanzanian immune sera.

FCR K1 Thai 836
Sample No. IFA Inhibition (%) IFA Inhibition (%) IFA Inhibition (%)
8 23,200 57 1,600 79 1,600 65
34 23,200 58 23,200 81 23,200 79
5 400 46 400 78 200 74
7 400 41 400 71 400 65




Table 2. CHQ levels and serum antibody titers to FCR
strain of immune sera and their inhibition rates
after 72h incubation.

Sample No. CHQ (M) ELISA IFA  Inhibition (%)
11 0 2.7 100 54
10 0 3.0 800 45

8 1.5 8.1 23,200 74
34 61.5 18.3 =3,200 80
15 2.3 5.6 100 61

5 56.3 4.1 400 53

7 0 5.9 400 68

62.3 7.5 1,600 65

4 61.0 3.3 800 65
Te 0 4.1 400 73
MP 0 >18.3 =3,200 57

& A serum from a Dar es Salaam resident living in Japan for
6 months.
® A serum from a Japanese patient with chronic infection for
4 months.

RESULTS AND DISCUSSION

Using the preliminary ELISA 9 samples were
selected from 25 for further examination. They had IFA
titers ranging from 100 to more than 3,200 that well
corresponded to ELISA titers from 2.7 to 18.3 (Table 2).
Of these samples four were used in the growth inhibition
assay of P. falciparum strain FCR, K1 and Thai 836
(Table 1). ,

The 72 hours inhibition pattern of the immune sera
did not correspond well with their respective antibody
titers (Table 1 and 2). Although the Thai 836 (MAD 20
type) is slightly less susceptible to the inhibition assay
than the K1 type, the least susceptibility was seen in the
FCR. This we attributed to the fact that FCR strain is
better adapted to in vitro culture conditions than the
other two strains. Eleven serum samples were analysed
for a widely used anti-malaria drug CHQ and its
metabolite desethylchloroquine and used in the inhibi-

Table 3. Growth inhibition after 72h incubation to
P. falciparum FCR strain by LMFs and
HMFs of different immune sear.

Serum sample Average inhibition (%)

CONTROL LMF 10
HMF 0

M LMF 27
HMF 37

T LMF 57
HMF 16

34 LMF 39
HMF 33
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tion assay of synchronous culture of P. falciparum FCR
strain (Table 2). Levels of CHQ and its metabolites
above 2.0 uM were considered significant. However,
although serum samples 34, 5, 3 and 4 exhibited high
drug levels close to the 75 M considered to be the
maximum therapeutic serum levels in the treatment of
malaria (Staiger ef al., 1981) they did not influence the
growth inhibition by the immune serum. We consider
this to be due to the low CHQ concentration levels in the
final culture volumes because the immune sera were 10
times dilute in the final inhibition assays. This could
also have been augmented by possible CHQ resistance
by the parasite strains used.

The analysis of the inhibitory capacity of the LMFs
and HMFs of the serum M, T and 34 on synchronously
growing P. falciparum FCR strain revealed a stronger
inhibition tendency of LMF than HMF except the
Japanese serum M (Table 3), although the ELISA titer
by the dilution method (Spencer et al., 1979) for the
Japanese serum M was two times higher than the serum
sample 34 which was the highest value 10,240 in Tan-
zanian samples. Surprisingly the sample T from a
Tanzanian who had lived in Japan for six months still
maintained high inhibitory level of LMF despite his low
antibody titer. This finding may partly explain reported
findings by various groups that P. falciparum infection
does not cause the severe complication of acquired
immunodeficiency syndrome, AIDS (Wabwire-Mangen
et al., 1989, Lucas, 1990 and Simooya et al., 1991).

Further analysis of the LMF and HMF inhibition
using the serum T showed that the inhibition was dose
-dependent in either case. Inhibition capacity of the

80
—_—— a
60 —_— b
[
o
=
a
£
£ 40
R
20 A
0 > b *
0 100 200
dilution

Figure 1 The effect of concentration on the inhibition capac-
ity of LMF (a) and HMF (b) from the serum T on
synchronously growing P. falciparum FCR strain in
48 hours.
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Figure 3 Giemsa stained thin blood films of synchronous
culture after 72h culture with a nonimmune serum

(a) and with a immune serum T(b).

Note the

number of produced merozoites (—).
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e el }
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Time (hours)
Figure 2 Growth of P. falciparum, FCR strain in the pres-
ence of LMF of T serum (b) and in the absence
(a). At time points 0, 48, and 96h the predominant
forms were trophozoites while at time points 24
and 76h ring forms predominated.

serum fractions was almost absent after 40 times dilu-
tion (Figure 1). To determine the life stage of the
parasite that was affected by the immune sera, the
growth pattern was monitored everyday. Synchroniza-
tion was observed to start disappearing after 48 hours.
Crisis forms were noted with typical characteristics of
bulky ring appearance, poorly staining IRBC, denaturat-
ed schizonts and mature schizonts showing remarkably
fewer merozoites (between 4 and 7) as described by
Jensen et al. (1983) instead of Laverania characteristic
of the number of merozoites between 12 and 16 (Figure
3). Inhibition was observed at all stages as characterised
by low parasitemia and a negative gradient in the
immune serum, implicating intracellular growth impair-
ment (Figure 2).

We have shown here that the LMF with a molecular
weight less than 30,000 was a more potent inhibitor than
the HMF which contained the immunogloblins. Infected
red blood cells cultured with the LMF, washed and
incubated with fluorescein conjugated anti-human IgG
could not show malaria antibodies, while with the HMF
we could detect antibodies on the surface of the infected
red blood cells (results not shown). We thus report
presence in the Tanzanian immune sera, of an anti
-malaria factor (s) that is capable of growth inhibition
of intracellular parasites and formation of crisis forms,
which support previous findings where it was refered to
as crisis form factor (CFF) by Jensen et al. (1982),
originally by Taliaferro and Taliaferro (1944). We
could not induce crisis forms by the HMF of the immune
serum. This mechanism of malaria defense is possibly a
parallel mechanism to antibody defence and our findings
suggest that they do occur together in an individual at
varying degrees of potency. Further studies are neces-
sary to define the nature of the factor.
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SURVEY OF INTESTINAL PARASITE
INFECTIONS IN JAPANESE
LIVING IN INDONESIA
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NOBUAKI AKAO?, SETSUKO TSUKIDATEY, AND KOICHIRO FUJITAY
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More than ten million Japanese travelers and
workers visit various foreign countries including tropics
each year. Intestinal parasitic infections are one of
public health problems in developing countries today
(Minakami et al). Unfortunately there are few reliable
information on the risk of parasitic infection in develop-
ing countries. It is because most of the studies on
prevalence of parasitic infection in developing countries
were done in selected individuals, such as those in the
hospital or others administered medical treatment for
the infection. The true prevalence of parasitic infection
should be derived from data on unselected populations
(Chacin-Bonilla et al 1992).

Our objective was to investigate the incidence of
intestinal infection caused by protozoa and other para-
sites in Japanese living in Indonesia, and to identify
factors that may play a role in the dissemination of the
infection.

This investigation was conducted in 9 cities of
Indonesia in 1993: [Djakarta, Barongang, Semarang,
Surabaja, Probalinggo, Ujung Pandang, Merak,
Menado, and Luwuk]. Samples of stool and blood
collected from 231 Japanese and 25 natives of Indonesia.
Each stool specimen was fixed in 10% formalin and
centrifuged at 2500 rpm for 3 minutes. Aliquots of
slurries were microscopically examined by the formalin
-ether method. The remaining aliquots were mixed
with a drop of Lugoul’s solution (5% iodine, 10% KI in
100ml of distilled water). and examined for the pres-
ence of protozoa and helminths. A cellophane tape
method was used in collecting specimens to be examined
for Enterobius vermiculuris in 76 Japanese residents.

We assessed the prevalence of protozoa and other
parasites in stool of Japanese residents of Indonesia and
among native population. Five species of protozoa and

five of helminths were identified in stool samples of 256
individuals (Table 1). The rate of infectioin was highest
with Blastocystis hominis, 35 of the 256 (13.7%). Giardia
lamblia, Endolimax nana, and Trichuris trichiura were
observed in 4 (one Japanese and 3 native Indonesians) of
256 (1.6%) stool samples. Ascaris  lumblicoides,
Todomoeba buetschiii and hookworm were detected in
stools of 5 native Indonesians only. Enferobius ver-
micularis was found in 2 of the 76 Japaneses so tested. A
community-based study of Blastocystis and other intesti-
nal parasites in the Asaro Valley of Papua, New Guinea,
showed an extraordinarity high prevalence (from 0.4%
to 58.4%) and variety of protozoan infections. The age
-specific prevalence of Blastocystis infection resembled
that of Entamoeba coli and Endolimax nana, indicating
similarity in their mode of transmission (Ashford and
Atkinson 1992). Zierdt et al (1967) proposed that
Blastocystis hominis is not a yeast, as had been thought
for many years, but rather a protozoan, and suggested

Table 1 Intestinal parasitic infections in Indonesia

Japanese  Indonesians
Blastocystis hominis 25/231 10/25
Endolimax nana 2/231 3/25
Giardia lamblia 3/231 1/25
Trichuris trichiurva 1/231 3/25
Hookworm 0/231 3/25
Enterobius vermiculuris 2/76 n. t.*% %
Entamoeba coli 1/231 0/25
Heterrophyes hetevophyes 1/231 0/25
Asaris lumbricoides 0/231 1/25
Iodomoeba buetschelii 0/231 1/25

positive for parasites / tested residents
* by cellophane tape method
* % : not tested

Department of Medical Zoology, Medical and Dental University School of Medicine, 1-5-45 Yushima, Bunkyo-ku, Tokyo 113, Japan
Department of Parasitology,Kanazawa University School of Medicine, 13-1 Takara-machi, Kanazawa 920, Japan
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this organism might be pathogenic. Two patients hold-
ing Blastocystis hominis were sometimes suffering from
diarrhea, and the other residents did not show any
symptoms. We cannot consider that Blastocystis
hominis may be pathogenic. Both Sheehan et al (1986)
and Pikula (1987) reported a positive association
between B. hominis and E. histolytica. E. histolytica was
not found in Japanese and Indonesian residents.

Serological evidence of parasitic infection was diffi-
cult to evaluate, as we could not differenciate an active
infection from that of a prior infection by Entamoeba
histolytica (Ximenez et al 1993). While stool samples
were negative for E. histolytica in all 256 stool samples,
14 subjects were positive for anti-E. histolytica anti-
bodies in blood by using ELISA. It must also be careful
to infect E. hystolytica in Indonesia as it is considered
that at least there were past histories infected with E.
histolytica. Five native indonesians had Blastocyctis
hominis and antibodies to E. histolyticla. Japanese
residents, who kept Blastocystis hominis, had not anti-
bodies to E. histolytica. (data not shown)

In this study, the incidence of parasitic infection in.
the Japanese residents with less than one year stay was
0%. As the parasitic infection rate of Japanese with
more than one year stay was more than 109, there may
be a risk for Japanese to infect parasites in Indonesia.
Meanwhile residents of three Japanese communities
[Luwuk, Merak, and Menado] showed a zero infection

rate, the parasitic infection may be blocked if Japanese
apart from Indonesian society and rural environments.

These results suggest that there is a risk for visitors
to infect intestinal parasites in Indonesia.
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Abstract: Four cases of patients with leprosy were seen in an area endemic for cutaneous leishmaniasis, Los
Ranchos, Department of Manabi, Ecuador. Two cases of them (borderline lepromatous leprosy and
indeterminate one) in a single family and result of screenings for the family members were reported. It was
suggested that family examination of leprosy patient might be useful for early detection of leprosy in a low
endemic areas for leprosy, such as Department of Manabi. A nine banded armadillo kept by the family was
examined, but no acid-fast bacilli was observed in the liver materials.

INTRODUCTION

Leprosy and leishmaniasis are etiologically com-
pletely different diseases but it has been known that the
two diseases have similar cutaneous manifestations
(Jopling, 1984; Butto ef al., 1994). Therefore, both
diseases should be differentiated in the endemic areas.
During a survey for cutaneous leishmaniasis in Ecuador,

leprosy patients were also examined. The current paper

deals with the two cases in a single family in detail and
preliminary screenings for the family members of lep-
rosy. Furthermore, based on the result obtained a brief
comment was also made on the screening methods to
detect leprosy patients in early stage of the disease.
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Figure 1 The pedigree of leprosy patients in Los Ranchos, Department of Manabi, Ecuador.
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CASE 1

The patient was a 41-year-old-male (No-7).

Family history. His grand father, an uncle, an aunt,
a nephew, a cousin, and a daughter were reported as
suffering from leprosy by interview to the family (Fig.
1).

Present history. About 15 years ago, erythemata
with anesthesia appeared on the abdomen. The eruption
gradually increased in number on the face, the trunk and
the four extremities. At the same time, there was a
rising in body temperature, and neuralgia appeared in
both exteremities. In 1982, a doctor from the Welfare
Ministry diagnosed him as leprosy.

Treatment. A 100mg per day of DDS (4, 4
-diaminodiphenylsulfone) was regularly prescribed for
two years. In 1990, multidrug therapy (MDT) was
started according to MDT for multi-bacillary leprosy
recommended by the World Health Organization
(WHO) (Noodeen, 1991). His prescription was as
follows; DDS (100mg/day) and B-663 (50mg/day),
every day; B-663 (300mg/day) and Rifampicin (600mg/
day), once a month,

Present illness. Infiltrated erythemata on the face,
destruction of nasal septum and deformity of the nose
were observed (Fig. 2). Pea sized reddish nodules on the
earlobes were soft and the induration of the lesions were

Figure 2 Deformity of the nose
because of destruction of
nasal septum and infiltrated
erythema with sensory loss.
on the face (—) of Case 1
(No. 7: 41-year-old male).

Case 1.

Figure 3 Pea sized nodule with sen-
sory loss on the earlobe of

not palpated (Fig. 3). Annular and infiltrated eryth-
emata were scattered on the trunk. Anesthesia was
observed on all these eruptions. The body surface was
dry except for the axillary, the epigastric, the lower
abdomen, the inguinal, the perineal and the anal region.
The ichthyosis-like change was seen on the region of the
waist, the back, the extensor aspect of the legs and the
feet (Fig. 4). Although the deep ulcers on the soles had
the sharply demarcated bank, it did not have the indura-
tion at the margin of the ulcer that was observed in
cutaneous leishmaniasis. The patient had anesthesia at
the ulcers and could walk without pain. The big toes
were mutilated and remaining toes were shortened (Fig.
5). Bilateral apehands and claw-hands were seen and
fissures caused by trauma on the right palm were
marked (Fig. 6). There was no loss of hair at any
region of the body. Hypertrophy of the ulnar nerves
were palpated at the elbows.

Laboratory examination.

1) The lepromin test: negative.

2) Value of anti-phenolic glycolipid (PGL)- I and
anti-lipoarabinomannan (LAM)-B antibody: Positive
result were PGL-1 (IgG) 0.089 OD unit, PGL-1 (IgM)
1.693 OD unit, LAM-B (IgG) 0.545 OD unit and LAM-B
(IgM) 0.281 OD unit.

3) Examination of sensory function: Anesthesia

Figure 4 The ichthyosis-like change
on the extensor aspect of leg
and foot. Deformity of toes
are also obseved.



Figure 5 Deep ulcer on'the sole and shortened and mutilat-
ed toes on the foot of Case 1.

was observed on all over the body surface except for the
scalp, the axillary, the epigastric, the inguinal, the per-
ineal and the anal region.

4) Histological findings of the specimen taken
from the infiltrated erythema on the cheek: Rete peg
disappeared. Clear subepidermal zone was observed
(Fig. 7). Dermis was edematous. Though relatively
large number of epithelioid cells and lymphocytes in-
filtrated in the dermis, epithelioid cell granuloma was
not observed. By acid-fast staining (The Fite-Feraco
staining Method), acid fast bacilli were observed (Fig.
8). Biopsy index: 3+, SFG index, 5; SFG value, 1-2-1.
By skin slit smear of the left earlobe, acid fast bacilli
stained by Ziehl-Neelsen’s staining were found. Bacte-
rial index showed 3-+; SFG index, 4; and SFG value, 1-2
-2. Nasal scraping was negative. The type of leprosy
was borderline lepromatous.

Figure 7 Case 1, clear subepidermal zone is presented
(—), and typical epithelioid cell granuloma is
not presented (HE, x100).
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Figure 6 Ape-hand and claw-hand of both hands of Case
1.

CASE 2

The patient was a 12-year-old female (No-1). A
daughter of Case 1 (Fig. 1).

Present history. When we examined the family of
the Case 1 patient, hypopignented fleckle on the exten-
sor aspect of the left thigh was noticed. The patient had
been living in the house at the village of Los Ranchos,
Depatment of Manabi since her birth.

Present illness. Palm sized hypopigmented freckle
with anesthesia on the extensor aspect of the left thigh
(Fig. 9). Hair loss was not observed at any region of the
body surface. Hypertrophy of peripheral nerve was not
palpated.

Laboratory examination;

1) Mitsuda eary reaction (48 hrs): 7.5mmX
7.5mm/7.5mm X 7.5mm, undeterminable (+/—).

2) Value of anti-PGL-1 and LAM-B antibodies:
Positive results were PGL-1 (IgG) 0.117 OD unit, PGL
-1 (IgM) 0.804 OD unit and LAM-B (IgM) 0.191 OD

dermis (Fite-Feraco staining Method, X1,000).
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Figure 9 Palm sized hypopigmented freckle with
anesthesia on the extensor aspect of thigh of
Case 2 (—).

unit. Negative resut was LAM-B (IgG) 0.060 OD unit.

3) Examination of sensory function: Anesthesia
was observed only at the lesion of the left thigh.

4 ) Histological findings of the specimen taken
from the lesion; small number of lymphocytes infiltrate
around the capillaries and the appendages. There was
no epithelioid cell granuloma in the dermis. No acid fast
bacilli was observed in the skin tissue section stained by
acid-fast staining (Ziehl-Neelsen and the Fite-Feraco
staining Methods). The patient was diagnosed as in-
determinate leprosy according to the histological and
clinical criteria of Ridley and Jopling (1966).

Besides the two cases mentioned above, other two
leprosy patients (one with borderline tuberculoid and
other with unknown type)’were examined in the current
study. In addition to these four cases, the existence of
other four patients with leprosy in this village was
determined. Besed on these examinations and inter-
view, the figuré of the pedigree was depicted, including
relationships among leprosy patients in the endemic
area for cutaneous leishmaniasis of Los Ranchos,
Department of Manabi (Fig. 1). A nine banded arma-
dillo kept by the family was examined, but no acid-fast
bacilli was observed in the liver materials.

Comments;

Leprosy (Hansen’s disease) is a chronic

mycobacterial disease (infectious in some cases), pri-
marily affecting the peripheral nervous system and
secondarily involving skin and certain other tissues
(Jopling, 1984). Leprosy has a wide range distribution
in the world. Leprosy is included among the six most
important infectious diseases, as well as leishmaniasis,
which the WHO planned to stop from being an endemic,
and is still a public health problem in developing coun-
tries including Ecuador. In Ecuador, 110 patients with
leprosy were newly deagnosed in 1991; the prevalence
rate of leprosy in Ecuador was relatively low (0.25 per
1,000 habitants in total) in comparison with that of
endemic areas such as South east Asia and Africa, 0.1-4.
9 and 0.1-6.9 per 1,000 hab. respectively (McDougall et
al., 1989). It was relatively low (0.10-0.16 per 1,000
hab.) in Department of Manabi, from where the present
cases were reported. As to future group examinations
for leprosy, in a low endemic area, such as Department
of Manabi, the screening of leprosy family would be
effective and useful in consideration of a program for
the early detection. The deformities of Case 1 could be
prevented by early detection and adequate treatment.
Case 2 was fortunately detected in early stafge of the
disease by a doctor during the present examination.

In Okinawa, Japan, for example, group leprosy
examinations had been done in almost all regions of the
prefecture during about 20 years by specialists who were
appointed by the prefectural goverer (Saikawa, 1989).
The examination was called as a general medical check
-up and not as a mass examination for leprosy, because
in Okinawa, many of the inhabitants have been preju-
diced against leprosy patients as well as the inhabitants
in Ecuador. Members of the group examinations were
consisted of a leprologist, public health nurse from the
public health center of each district, manager of leprosy
and tuberculosis from the prefectural office, a dermatol-
ogist, an internist and a clinical technologist etc. In the
group examination, therefore, various examinations
were done to find skin diseases, infectious diseases
inncluding leprosy and tuberculosis, circulatory diseases
such as hypertension, diabetes mellitus and other inter-
nal disorders. The data from this medical check-up
were reported to each subject by the public health
center. If some pathological result was observed, the
subjects were examined in detail at the nearest hospital
or public health center. Leprosy patients detected in the
general medical check-up were treated by the le-
prologists. Their family members were also examined
in detail and some of them received preventive medica-
tion.

Recently, serodiagnosis of leprosy was considered



as one of the useful methods for early diagnosis
(Bchanan, et al., 1983). The serodiagnosis have also
been carried out by leprologists in Okinawa (Abe et al.,
1991). During the current family examination, ser-
ological examination for 13 subjects was also carried
out. Three leprosy patients were positive for PGL- I
(IgM) and LAM-B (IgG), and three out of four leprosy
patients were strongly positive for LAM-B (IgM) (data
not shown). Based on the results, it was suggested that
serological examination of families of leprosy might be
useful for screening of house hold contacts in a low
endemic area for leprosy.

These systems of group leprosy examination in
Okinawa might be a good guide for a future program for
the early detection in Ecuador. In consideration of
economical and man-power resources, some modifica-
tions will be needed to implement this system of group
leprosy examination into Ecuador.

Cutaneous manifestations in leprosy sometimes
showed a similarity to those of cutaneous leishmaniasis.
Early nodular lesions of cutaneous leishmaniasis are
similar to those of lepromatuous leprosy (LL) and the
type of cutaneous leishmaniasis most likely to be con-
fused with LL is the disseminated anergic form. In post
kala azar dermal leishmaniasis, hypopigmented flekle
appear on trunk and limbs, which should be distin-
guished from those observed in indeterminated leprosy
(Jopling, 1984). In the present preliminary examination
for leprosy, anestesia at the lesions was the most impor-
tant symptom for the diagnosis.

The patients (Cases 1 and 2) kept a nine banded
armadillo for their food. In the smear specimens of the
liver, no acid-fast bacilli and Leishmania amastigotes
were observed. Wild armadillo with leprosy were found
in U. S. (Smith et al., 1978; Marchiondo et al., 1980).
Although no such a report was described in Ecuador, the
examination should be continued to ascertain whether
leprosy was a zoonosis or not, and whether the nine
banded armadillos were natural resorvoirs of the path-
ogen in Ecuador.
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