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BB IC B B HERAE 7 A VX (JEV) & & 5 BR3$%
BIIE L, 4, b+ b, AVFvH, FEEDT VT
HETRSHEMRTADOBENREEL TS, HEME
BHRETIEEHEIR L, BEZOHN/3IEFET, 1/3
BREZEL, BET20R1/3TFERVENRS 2 EH
5, BhoNTWABRPYETHS (E+E =, 1993 4%
H FEKXER 1991 EER #, 1992), #-T, BERRFH
BERUEEEVBLEE SN Tw3, JEV BOFHI IR
WY 27 Fo83bY, —EOMBEFL T0LH, HEI
BB TANVAENEHED E Z2H SN Ty,
Stz niE, HEREROEBBRIIHEREICz X5 Lk
W, BIE, KIS TWaHiv A VAKITIE, JEV M2 5
ST A L IIRETH B,

AZ 2 VF1920FE»HH YN Y —<DEE L TH
WHENBESERoT, WERFXT 7V A Y8V —
CIEOREERCHVOATWS, AT 3 v OIEFBIEDR
MBS TRV, HaA f o HEOFFCIX, FOfb%E
BB »RD OFBRERHY, ZDODOAFILEEIRAT I
DEMEEEBEbL->TWE X5 TH3 (Webster, 1992;
Iton and Misu, 1986), fiF TR Z 3 > BRHBEEEESH
D, Bz SRS, ERNEIEEERE, Vo ERER
ML T—EDFRENH 5 Z L BRBE N (Myeres et al.,
1992; Stein et al., 1988; LaRocca et al., 1990; Spigelman
et al., 1987; LaRocca et al., 1992), VA VAT 5/
FAELTRAT 3PV b vA v ANEGEERRIBEA T
HBZEWRENIZ L6, Bl AIDS BEIBRD::D
W2 ZEERIGHRBRSTb I T 5 (Stein, 1993), 0D
YEF#%FF £ L Tix DNA, RNA &RBRCHT 5HEE 7
EHEDOHMOWEAMSEET 2 2 L B8TBINATWS

(Basu and Modak, 1985), 23 L7:EEH®S, XTI
D JEV I T 257 A VAEESHRFINSEL, 2O/
DLTHRELRRERINE TR P ol BLIZ, MUY
V- DEBEELLTHIONE AT S D JEVIZHT %
Py ANV ABEEERE LT,

EREMARE REEFWRETR BEEETAEFT
T920-02 )l RALES N BET R FEL-1

[CEVES ey

L R

AN EMIE: A4 VAR JEV (JaGAr-01 %) %/
v, MR AR HISE R HepG2, AfRREZFIEMEHE IMR
-2 Hwiz, BEWIX HepG2 12 2w T ik D-MEM+
10% 485 R nyE (FCS), IMR-32 13 ES (HAKSI) +10%
FCS ZFWTEERITo 20 74 VARSI m.o.i (multi-
plicity of infection) =100V 4 VA E&T, 37°C, 603D
BB 2 To 78, ECRERC TRERT o7,

AZIVHE AT I v (EREK, BIRZ#EZLY
f#5) (Fig.1) 12 Bayer #HB{D b D EFEH L /ze AT 3 ¥
YA NVABERICEL ORE CTHRML /2, BFE4RRFH#
PR RIS L R 2 R L e, LEREELS Y
ANABHEDI: DT T — 7 BTz, #Mfgix10,000
rpm T1043[EE 08, WY TE buffer (Tris-HCI
50mM, pH8.0, EDTA 1mM) %* A, HEBERKE L.
ZDk, ZOWXHUT, —HREAHBNOLDIEY LAY
7y bk, filik RNA #iH 217w RT-PCR iz »
7z,

MR (FiE) OHE  EFMER Y 4 )V AREH I
XoTEU MR »HREMICBEL, ZOEUSIES
EURCHE LT, 3 S icHiiEEg e RIZTBEE ¢
BMEtT 27201, g2 v—1ricE &, RBETERL
L, 48K EEHEIL 72,

v A4V ASEEIER: ¢ v 4 v A iz BHK #ifE % v

NeO3$ r~n-sco—<©-\>—cn,1 H,C@-CONH 50,Na
Q0 1 QO
NeO,S o co SO;Na
SO;No @\ @ 50,Na
NHCONH

Suromin Sodium

Figure 1 Structure of suramin, shown as the hexasodium
salt.
The compound was first synthesized in 1916 and
was known to be an active antitrypanosomal
agent.
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1275 — 78I k> CRIE L7 (Takegami, 1990), Hi&
DORERS % LI T iR %, BHK fifgic Z a4, 1%FCS,
0.6%Methylcellulose % &1 MEM $8¥%C, 3 HEOKE
BT 5 72, BRYeifilE % Methanol THEZE L 72%&, 1%Crys-
tal violet THMAL 72,

Western blot ¥ : & 6 hi-#ifgiEY (BEHEE20ug)
210% D SDS-EV 7 27 VN7 & FHAVRP T ERKE %
f7v> (Laemmli, 1970), ¥z PVDF BicizE L, VLAY
y7uy MEETo T, —RKIGIZE W TR RIS
DOHEBLUHNSI O 74 Filur (1 :1000) AW

(Takegami ef al, 1982a; Edward and Takegami,
1993) . X KIGiX, 28— F ¥ ¥ —¥ERBH Y U ¥ 1gG %
Al 0.05% YT I/ RUF VI HBFEBIZE TR
RN P EBRE L. EHEIC DWW T PVDF E:R 7>
YR A—F —ZhF, ZOEOHNHNEEZHEL .

RT-PCR ¥ : Bgsilifas » JEV-RNA 27 = / —)vik
WWEoTHEB L 2D JEV-RNA 257 71— LT
FyFR vy ATT4<w— (No. 42), ACCACCCGCGTCG
GTGCCAA, S#EERER A T, 42°Clz TcDNAGRK 21T,
BB RATTF4<w—(No.41),GTGTTTTGGGACAC
GCCATC, KU Tag RY X7 —¥ 2L, DNA BIEKR
G220 5\ I2409 4 Z NV TIT o 7o EMIEL1.5% 7 A a—
A7 E RO BRIKENC X > THHT L7z,

in vitro RNA A5 | JEV BMfa s &5 5 7K
HE4> % A>T, in vitro TD RNA &8 %175 72, 2P-UTP
YVRABRBIC X o TIHEERHIEL 208, FMIEZER (Ta-

PFU/ml

8
10

0 50 100 200 300

Suramin (ug/ml)

Figure 2 Inhibitory effect of suramin on JEV replication
in IMR-32 and HepG2 cell lines.
HepG2 (—e—) and IMR32 (—0-) cells were
infected with JEV at 10 m.o.i. and cultured for
48 hrs in the presence of suramin at various
concentrations. Virus titers in the culture fluids
were assayed by the plaque method, as de-
scribed in the text.

kegami and Hotta, 1989) i2E&H L T\ 3 FiER -7z,
in vitro RNA WX 1 BFEEET Ao —X 7 ViRV
BREENC L > TR LI,

I

AZ 32k D JEVEEADEE

A5 I VDT ANAEEEZFARDS 2912 JEV Bk
BERPIICA T S U RBLOBETEHENL, 2BEBEYA
WABELEBR BRI, Fig. 2 I2R&NB X5, HepG2 KB
2 BRABABERI T D T 4 W A EA B TN D5.6X10°
PFU/ml izt L, 50ug/ml, 100ug/ml, 200xg/ml D&
ETDAT I VB L >TZENREN2.9X10°PFU/ml,
1.2%10°PFU/ml, 5.3X10°PFU/ml D& %YV, 8L #
0.1%ICE TV A NAEEBIHI ST Wz, —F, ZOHE
EhRITHIC & o TER Y, mREEEMLE IMR-32 i
B3 JEV 885HI350ug/ml DA T I VBETa Y bo—
MZHARL/1,000127 4 VAEEERBMETL TV, &,
MBIEN T 2 A T 2 v OFEMMERIZ200kg/ml BEIZ B
TRAED ST Lol LA LB S300ug/ml THUEL
7238&1%, HepG2 TR EMER AN ZL -T2
73, IMR-32 O 5 THIBIZ DT D & iz, MKUETEA D
EErRANIER, HEKENBOYST 28E (IC50
Inhibitory Concentration) & IMR-32 T410ug/ml T&H
D, HepG2 TiX955ug/ml THo7lzo THIET AV AKEHE
%l (Fig. 2 28) @ IC50 5% IMR-32 T25ug/ml, HepG2
TiX53ug/ml TH 2 Z LI, 16-18 fEDENAH SNz,
JEVRREEOEDOERK :

TANVABHEEBRNDOHERRFARDI DI IAY
Ty NERfToN, 77—V —7)— (CBB) icX 5%
@I JEV BEHEOREXTE R o728, JEV
EHERENY Y IHME (JUERUHINS3) AW
IAFZr7uy hERESTIVANVABRNEBEABELT
BYHIR I FET 5 EEHE (563KDa) & NS3EHE (70
KDa) oFnhFhzRELW, Fig. 3lcm& N3 L5,
JEV B HepG2 g e 817 3 JEVEBEEHABEE X 7
IV X o TRBERBADBE Lotz fillf, FEREE
EHENS3ZOWTHETORIBRD Shi-d, EXE
HE OB CHARERIMETH o7z, 200ug/ml DX Z
SVEDOBEIE VA NVAEEESHBOZADOTHD 1
ZRoTWwiehS, VA4 NVAEEEDVANLVT b BEKELE
WD 5, 200ug/ml TEEHEIMBOL/SUTRET
LTWwiz, fitF JEV B IMR-32 #ifa TiX, HepG2 D35
BITHNRRAT IV DBEIC L > TEELE VA VAEADR
PR eIz, Fig. 4 TREEARBEN TR { NS3H
BEWATIVBEIMELTHAILTWE ZEWREN
Tw3H, ZOBELEEAEDOATLVEORRAEET
BReENT,

27 I VAOEMERICET S JEV-RNAOKE KU in
vitro RNA &R ~ADEE .

RIZHIBIAR Y 4 v A RNA OZEBI #3572 HIZRT-
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Figure 3 Western blot analysis: Effect of suramin on expression of JEV-E and NS3 protein.

HepG2 cells were infected with JEV and cultured in the presence of suramin at 0 (lanes
1 and 6), 50 (lanes 2 and 7), 100 (lanes 3 and 8), 200 (lanes 4 and 9) and 300 gg/ml (lanes
5 and 10), respectively. Protein samples were prepared from JEV-infected HepG2 cells
and subjected to SDS-PAGE and transferred to the membrane, Immobilon P. Half of the
membrane was stained with CBB (lanes 1-5), and other half (lanes 6-10) was reacted
with the specific antisera, i.e. anti-NS3 (upper panel) and anti-E (bottom panel),
respectively. Arrows indicate the JEV-specific proteins, NS3 and E. Lane M is size
marker for proteins (Bio Rad).

Figuve 4 Western blot analysis of JEV-E and NS3 proteins.
IMR-32 cells were infected with JEV and cultured in the presence of suramin. Prepara-
tion of cell extracts and Western blot analysis were carried out as described in the text
and legend to Fig. 3. ‘ ‘
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Figuve 5 Detection of JEV ¢DNA from JEV -infected
cells by RT~PCR.
HepG2 cells were infected with JEV and cul-
tured in the presence of suramin. JEV-RNAs
were extracted by the phenol method from the
infected HepG2 cells at 48 hrs post infection and
subjected to the RT-PCR method as described
in the text. PCR products were analyzed by the
electrophoresis using 19 agarose gel. Lanes 1
-5 mean the treatment with suramin at the
concentration 0, 50, 100, 200 and 300 ug/ml,
respectively. Lane 6 means the uninfected cells
treated with suramin at 300 zg/ml. Lane M is
molecular size marker for DNA. Arrow indi-
cates the specific PCR products.

PCRIEIZE > T(+H)#H 7 4 L A RNA 8 % Fi 8 1 st
L7455, HepG2 IR BT JEV 2B B2y 72 B iE
DNA /N> Fi3300ug/ml £ TOA T S VRMER L 5%
e o7z (Fig. 5), & OfEEI: PCR BIREE S %2094 2
Mz LS EbFEET, SBiclEmEgERReonkhho7z,
—7, Fig. 6 iF invitro T® JEV-RNA & H~RA T 3 v
PIRIMUIBETH DD, TO&ETTO RNA &HREE
BR e T,

E T

A7 IVREBPTANATERE R DODNT 2EED JEV
BEGER & O CRET BT o 7o AFFIBHIIER & U TARE
FH3ERRD HepG2, A= o —a ISR & U C AR E
fakkD IMR-32 2 FlvC, EEMRCBTE2A2 300
JEV e d 287 4 VAEE R~ L 25, JEV B
HepG2 MM BRI AT I VR U B 6 13 248
RETO YA VAFEERIZWE L, 1/1000/ETL,
BEEZ VA NVAEEEES R o, BRENI i
PHESDR M £ - T2 D, MiEFEMEE IMR-32
OFW HepG2 £ 0 R IBFETH -7 (Fig. 2), 2D

10 50

Suramin

Figure 6 Effect of suramin on in vitro JEV -RNA synthe-
28,
In vitro RNA synthesis using membrane frac-
tion was carried out as described previously
(Takegami and Hotta, 1989). The crude mem-
brane fractions were prepared from JEV-infect-
ed cells. The reaction was started by the addi-
tion of **P-UTP and incubated with suramin at

various concentration. Arrow indicates *P-
JEV-RNA synthesized in vitro.

AT IVREDTANVABFEBREDEFOE NS S JEV
WERERHE O 7 1 A B 2 E MR T ORISR &
o,

A NVABEAHEDOERICONWT, PITAY 7oy Mk
WL BEATCI JEV-E RS ENE & NS3EBEERE
2 25 3 VAL L o THIRBEIED L Twis, B
EEOEOETHIEL» o7 Fig. 3), ZOHBEERZHHY
A W ABEODET (Fig. 2) LB OB > TWwDL EEZD
n3, £ HepG2 D& L~ IMR-32 2 B\ CHEE
TANAEEHEEEOE TSRS L, IMR-32 28175
JEVHEIER A T 3 I k> Tl BEE S N EE L e
b, A7 3 vii®OEERBEC BT IMR-32 WEET
5 effEEE s v A NV AEBEERT OFRAEZHEEL Tv
BHREM b EZ o NB, TNBHOFEENS AT I VEEE
MR EE R RIFL, FIow AL AERESEFRTFIE
AL, #OEBERLLTYAVABHESKRO 7 0& A0 EE
ERIBLTWS EEZ 6ND, R A VW ARTFRE IS
ELEEABEOEESHEES N TWAESE (Fig. 3 KU 4)
WA NVAELHEDORERBERNTHS S LHEEEN D,



7e72L, EEBAFEROATIR VA NVAEEHELHHAT S
ZERTERY, YA NVAKNTFERO T2, H50iE
BB ANZOREICA T I VHBERAL TW 2 TEEH D
BHD,

29 32 Vi DNA RU'RNA §HiEZ2HET S 2 0
RRBENTWED, AT 3 rEimoE&ET TPCREY
(JEV-DNA) 3 X 7 & Y& X 2 &% o 7z (Fig.
5)c PCREWEN 77 b —IEL Tz LIFIRSEM: (204
A7 MIBVWTCHERII P2k, &5 2 invitro T
D JEV-RNAEEKRZHWI RNAGRHRICBWTHA S
SUDOBIRER AR 5722 & (Fig. 6) EOEE» S X
73212k % JEV-RNA ERADEE I D W EHREE
3, B, ESEME~DOR T 3 OERE U CHllaEE
KT D bFGF OEAEER2 RIZTT Z e BHES L TW
% (Middaugh et al., 1992), BARHEOMOIER 2
LTS aEERIX BV,

JEVRE 75 EYANVACET 2 (+)EHRNA Y L VA
THb, VA NAEESHRNEFEC L > TEEMEOR
FHRCEKEL T B0, HvAAVZAFENZLIEUIEBEEM
FORBEFICERET 2 2 L2355 558, RIFZETI32001g/
mlDAT I VBECHCNTEAS I VOFE®RIETED
s olz, ZOBREIIERO Guillain-Barre fEREEZ
Awvs T 5350ug/ml MR 5 3 @ (Lieber-
man et al., 1990; Scher et al., 1992; Cooper et al., 1992)
CHAREY, 2O 6 RT3 vidfilaEtoEuiREE
THBEERTO VA NAEERZIIHL Twad 2 L2585
iz ot, BPFRTAT £ VI VANV ABHERDERE
PHET S Lic ko> T JEVERIZIHE L Tw 5 0 REE
BEBXNID, FOBFEIZODVWIRBERTFOBEE S
B, BERSB X VERFIRE TSR SR EED
BUBRH L, /AT O T7 A VATEEBMBO 7 A
NABWHERTHRONENEL, BRELELTRELRY,

& R

7 AV ARBRSEDRER IS, MERYES & B0 BR
BBLNTWDE, BARMEOEBEIINERRKZ: L5 Ly
2, BYMERVANAFIZRED EZH2HS5N TV,
Brix, PSSV —DBERELLTHWORTWSR
7 3B DNA RU RNA GREBRICEELRIZT I L
RENTWVBEIENS, AT D JEVIZET 2574
AEEERRBE L2, ZORBRODAT I vtk 2T 4 VA
FEOEES L )V A NV AEBHEERICEE R RIZLTw
52k, BMCEEHEOEAMHENEETH 2 Z L1345
hote UEDBEEMS, RT3 VRV ANAEHEER
DOBEEEEET L LItk T JEVERENE L TV S
ATREMEDSRIB S iz,

X #
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ANTIVIRAL ACTIVITY OF SURAMIN: INHIBITORY
EFFECT ON JAPANESE ENCEPHALITIS VIRUS
REPLICATION

KE-SHU XU! AND TsuToMU TAKEGAMI'*?
Received March 18, 1996/Accepted May 15, 1996

Abstract: Suramin, a polysulfonated naphthylurea, has been used for the treatment of trypanosomias and
onchocerciasis, and is a potent inhibitor of nucleic acid polymerase including reverse transcriptase and DNA
polymerase. - This drug is used to examine an antiviral activity in the case of Japanese encephalitis virus
(JEV) infection. Japanese encephalitis occurs in endemic and epidemic form over a wide area of Asia, at
least tens of thousands of cases occur annually in East Asia. Although the vaccine against JEV is widely
used, we have no antiviral drugs against JEV replication. Here we describe an antiviral activity of suramin
on JEV replication in the cultured cells. In the presence of 50 xg/ml suramin, virus yields in human
neuroblastoma cell line, IMR-32, reduced to 0.194 of control level. JEV growth in human hepatoma cell line,
HepG2, was also inhibited, but inhibitory effect of suramin was lower than in IMR-32. The difference of
inhibitory effects between host cells suggests that some host factors were involved in the process of
inhibition of JEV growth. By Western blot analysis, it was clarified that expressions of JEV proteins, NS3
and E were markedly reduced by the treatment of suramin at 50-200 xg/ml. Especially the expression of
E protein seems to be sensitive against suramin treatment. On the other hand, JEV-RNA level in the cells
treated with suramin was not so different from control level, and i vitro JEV-RNA synthesis was also not
inhibited by the addition of suramin. These results suggest that suramin inhibits virus replication through
the influence to viral protein production, not to viral RNA synthesis.

Key Words: Suramin, Antiviral activity, Japanese encephalitis virus, Western blot analysis
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EPIDEMIOLOGICAL SURVEY OF CHAGAS DISEASE
IN A RURAL AREA OF GUATEMALA;
AN ASSOCIATION OF ECG ABNORMALITIES WITH
SEROPOSITIVITY TO TRYPANOSOMA CRUZI

EDMUNDO VELASQUEZ G', KOICHI YAMASHITA?, ISAO MORIMOTO?, JUAN ANTONIO SANTIZO?,
VIVIAN MATTA?*, JULIO ARGUETA®, MARCO TULIO AMADO?, TEDDY FLETCHER®,
MASAAKI SHIMADA?, KAZUKI OGATA® AND Isa0 TADA®
Received March 18, 1996/Accepted April 10, 1996

Abstract: An epidemiological survey was done by examining 1084 inhabitants in a rural area of Guatemala
to determine the prevalence of seropositivity to Trypanosoma cruzi as well as the association with chagasic
cardiomyopathy. Results of the survey revealed that Chagas disease is endemic in this area because 77 (7.
1%) of the inhabitants examined by an indirect hemagglutination test were seropositive to T. cruzi. The
age-prevalence distribution showed that seropositivity increased with age. Analysis of electrocardiogram
(ECG) revealed a significantly high frequency of ventricular conduction defects and arrhythmias among the
seropositives. Ventricular conduction defects were observed in 18.2% of the seropositives and 1.7% of the
seronegatives, and arrhythmias were 15.6% and 2.7%, respectively. In seropositive individuals, the most
common alteration of ventricular conduction defects was right bundle branch block with or without fas-
cicular block and that of arrhythmias was ventricular premature contraction. Among the seropositives, the
prevalence of the above ECG abnormalities was low in the 40-59 age group, which may be accounted for the
death due to chagastic cardiomyopathy. These results suggest that this study area is an endemic area to
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Chagas disease, and the infection is associated with ECG alterations.

INTRODUCTION

Chagas disease is a public-health problem in Cen-
tral and South America and is a chronic parasitic dis-
ease caused by Trypanosoma cruzi (T. cruzi), involving
cardiac, digestive and neurological lesions. The car-
diomyopathy of chronic Chagas disease causes disability
and mortality in the endemic area. Since the first report
by Penalver (1953) in Guatemala, Chagas disease has
been found in Chiquimula, Jalapa, El Progreso, Santa
Rosa, and Zacapa in Guatemala (Aguilar ef al., 1993).
The World Health Organization (WHO) reports a

Faculty of Medicine, University of San Carlos, Guatemala

Roosevelt Hospital, Guatemala
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triatomine house infestation rate of 31% for Triatoma
dimidiata and seropositivity of 13% in the blood bank in
Guatemala (WHO, 1991). However, no report concern- .
ing Chagas disease based on a systematic study has been
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We have been conducting an epidemiological survey
of Chagas disease among inhabitants of a rural commu-
nity in Guatemala since 1992. We report here the
prevalence of 7. cruzi and a relation between the ser-
opositivity and ECG abnormalities among 1084 inhabit-
ants in Santa Maria Ixhuatan, Department of Santa
Rosa Guatemala. Results indicated that this area is an
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endemic area of Chagas disease and infection of 7. cruzi
is associated with ECG abnormalities in the inhabitants.

SUBJECTS AND METHODS

Subjects
‘ This study area is Santa Maria Ixhuatan, Depart-
ment of Santa Rosa, Guatemala which is located at an
altitude of 1920 meters, 95 km south-east of Guatemala
City, and most people living there are working in agri-
culture. In this survey, a total of 1084 people (7-89 yr,
401 males and 683 females) were examined.

Analysis of ECGs -

ECGs were performed with a three-channel Fukuda
Model Fx-3101 electrocardiograph (Fukuda Co, Tokyo,
Japan) at paper speed 25 mm/sec. A 12-lead tracing
and a 25-second V, rhythm strip were recorded. A
modification of Minnesota Code (Maguire ef al., 1982)
was used to classify the ECGs. The ECGs were analyzed

independently by two physicians, followed by a car-
diologist. Finally, abnormal ECGs were reviewed by
another physician experienced in the use of the code at
the end of this study and classified according to the
criteria previously reported by Maguire, et al (1983).

Serological test for T. cruzi

Serum samples for serological examination were
stored at —70°C. An indirect hemagglutination (IHA)
test for antibodies to 7. cruzi was performed with an
IHA-kit (Sero-Immuno Diagnostics, Inc. Georgia, USA
Lot# 1050). IHA titers equal to or greater than 1:64
were defined as positive.

Statistical analysis

Subjects were stratified by age and sex into 12
groups. The age groups are 0-19, 20-29, 30-39, 40-49,
50-59 and 60 or more. The prevalence of ECG abnormal-
ities was compared between seropositivies and ser-
onegatives by a Mantel-Haenszel (M-H) chi-square

Table 1 Age and sex-distribution of seropositives to T. cruzi

Male Female Total
positive %  examined positive %  examined positive 9%  examined
7-19 1 0.5 212 7 2.8 246 8 1.7 458
20-29 2 4.8 42 7 4.7 149 9 4.7 191
30-39 3 7.1 42 10 8.8 114 13 8.3 156
40-49 3 8.6 35 12 17.4 69 15 14.4 104
50-59 3 9.7 31 10 21.3 47 13 16.7 78
60-69 4 15.4 26 5 12.2 41 9 13.4 67
70~ 4 30.8 13 6 35.3 17 10 33.3 30
Total 20 5.0 401 57 8.3 683 77 7.1 1084
Table 2 Abnormal ECG alterations and seropositivity
N Seropositivity

ECG alterations ‘ T % — % Total

VCD 9 11.7 15 1.5 24

VCD+ Arrythmia 3 3.9 1 0.1 4

VCD+ Arrythmia+ Abnormal P 1 1.3 0 0.0 1

VCD+ Abnormal Q 1 1.3 1 0.1 2

Arrythmia 7 9.1 24 2.4 31

Arrythmia+ Abnormal ST-T 0 0.0 1 0.1 1

Arrythmia+VH 0 0.0 1 0.1 1

Abnormal Q 0 0.0 12 1.2 12

VH 2 2.6 15 1.5 17

Abnormal P 2 2.6 6 0.6 8

Abnormal ST-T ) 0.0 13 1.3 13

A-V block 0 0.0 1 0.1 1

Total 25 32.5 90 8.9 115

Examined 77 100.0 1007 100.0 1084

*VCD: ventricular conduction defect;,
VH: Ventricular hypertrophy.
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Table 3 Characteristics of ventricular conduction defects

and seropositivity

Ventricular Seropositivity Total
conduction defects* + % — %
RBBB 9 W7 S 0.9 ... 18 .
---------- complete 1 1.3 5 0.5
incomplete 4b 5.2 3 0.3
complete+LAFB 4 5.2 0 0.0
complete+LPFB 0 0.0 1 0.1
LBBB S 39 .8 0.6 .9
""""" complete  1° 1.3 2 0.2
incomplete 20 2.6 4 0.4
Intravent. cond. def. 2 2.6 1 0.1 3
LAFB 0 0.0 1 0.1 1
Total 14¢ 18.2 17# 1.7 31
Examined 77 100.0 1007 100.0 1084

*RBBB: right bundle branch block; LAFB:

left anterior fascicular block; LPFB: left

posterior fascicular block; LBBB: left bundle branch block; Intravent. cond. def.:

intraventricular conduction defects.

2 One case combined with atrial premature contraction (APC).
b One case combined with ventricular premature contraction (VPC).

¢ Four cases combined with APC or VPC.

test, controlling for age group and sex. Sexual differ-
ence was determined by a M-H chi-square test control-
ling for age group. The trend of the prevalence of
seropositives and of ECG abnormalities with age was
also tested by a M-H chi-square test.

RESULTS

The prevalence rate of IHA positive to T. cruzi is
shown by sex and age in Table 1. Among the 1084
subjects examined in this study, 77 subjects (7.1%)
consisting of 20 males (5.0%) and 57 females (8.3%),
were seropositive to 7. cruzi, and 1007 (92.9%) were
seronegative. The age distribution of seropositivity to
T. cruzi indicated that the prevalence increases signifi-
cantly (P<0.01) with age. The prevalence of ser-
opositivity tended to be higher in the females than in the
males in the age group of 30 to 59. However, the
difference was not significant.

Abnormal ECG alterations observed among inhabit-
ants are summarized in Table 2. The overall prevalence
of abnormal tracings was 3.50 times (odds ratio, 95%
confidence limits=2.01—6.11, P<0.001) greater in the
seropositive subjects than in the seronegative subjects,
originating from a high prevalence of ventricular con-
duction defects and arrythmias in the seropositives. No
sex-difference of the ECG abnormalities was observed
in the seropositive individuals. No difference was obser-
ved in other ECG abnormalities, except the above two

abnormalities, between the seropositives and the ser-
onagatives.

Ventricular conduction defects were the most com-
mon alterations in the seropositive individuals (Table
3). The prevalence was 18.2% (14 out of 77) in the
seropositive group and was 1.7% (17 out of 1007) in the
seronegative group. The Mantel-Haenszel (M-H) over-
all odds ratio of ventricular conduction defects for the
seropositives in relation to the seronegatives was esti-
mated to be 8.73 (95%CI=4.17—18.26, P<0.001).

Table 4 Characteristics of arrythmias
and seropositivity

Seropositivity

Arrythmias T % — % Total
APC 3 3.9 158 1.5 18

VPC 8- 10.4 7 0.7 15
APC+VPC 1 1.3 1 0.1 2
AF 0 0.0 1 0.1 1

APC+AF 0 0.0 1 0.1 1
SVT 0 0.0 1 0.1 1

SA 0 0. 1 0.1 1

Total 12¢ 15.6 278 2.7 39
Examined 77 100.0 1007  100.0 1084

*APC: atrial premature contraction; VPC: ventricular premature
contraction; AF: atrial fibrillation; SVT: supraventricular ta-
chycardia; SA: sinus arrest.

2 One case combined with incomplete RBBB.

. Three cases combined with incomplete RBBB, comlete IBBB
and incomplete LBBB, respecitively.

¢ Four cases combined with RBBB or LBBB.
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Table 5 Age-distribution of ventricular conduction defects and/or arrythmias

Seropositive

Seronegative

Age abnormal 9%* examined %** abnormal %* examined Total
7-19 1 12.5 8 1.7 11° 2.4 450 458
20-29 2 22.2 9 4.7 7 3.8 182 191
30-39 4 30.8 13 8.3 3 2.1 143 156
40-49 2 13.3 15 14.4 3 3.4 89 104
50-59 2 15.4 13 16.7 6 9.2 65 78
60- 112 57.9 19 19.6 13 16.7 78 97
Total 220 28.6 77 7.1 43° 4.3 1007 1084

a- In four cases, ventricular conduction defects and arrythmias are combined.
b In one case, ventricular conduction defect and arrythmia are combined.
*, prevalence of ECG abnormalities. **; prevalence of seropositives.

Among the ventricular conduction defects, right bundle
branch block (RBBB) with or without fascicular block
was strongly associated with seropositivity.

Another ECG abnormality observed in the ser-
opositive individuals was arrhythmias, with 15.6% (12
cases) in the seropositives and 2.7% (27 cases) in the

Seropositives
- Seronegatives
% —O—  Prevalence of seropositivity
60 -

40-59

<39 60 <

AGE (years)

Figure 1 The prevalence of ventricular conduction defects
and/or arrythmias in seropositives did not increase
with age, whereas the seropositivity to 7. cruzi
increased with age.

seronegatives (Table 4). The most common arrhythmia
in the infected individuals was ventricular premature
contraction. The odds of arrhythmias in the ser-
opositives are 5.31 times greater than the seronegatives
(95%CI=2.40—11.74, P<0.001). Four infected inhabit-
ants had combined alterations of ventricular conduction
defect and arrhythmia. Therefore, ECG alterations of
ventricular conduction defects and/or arrhythmias
which are characteristic of chagasic cardiomyopathy
were present in 22 (28.6%) out of the 77 infected individ-
uals, in contrast to 4.3% of the noninfected individuals.

The age-distribution showed that the prevalence of
ventricular conduction defects and/or arrythmias was
greater in the seropositives than in the seronegatives in
respective age groups (Table 5). In the seronegative
group, the prevalence of the ECG alterations increased
with age (P<0.001). However, the prevalence did not
increase with age in the seropositive group (P>0.05)
despite as increase in the seropositivity with age. A high
prevalence of the ECG abnormalities was observed in
the age group of 60 and over. However, the prevalence
was lower in the seropositives of the age group of 40-59
than in those of the group of 20-39 (Fig. 1).

DiscussioN

Chagas disease is endemic in Latin America, from
Southern Mexico to Central Argentina, and 18 million
people are infected (WHO, 1991). The overall preva-
lence reported from countries in Latin America is
around 2-8% (Schofield, 1985), although there are areas
where more than 509 of the inhabitants are infected
(Maguire et al., 1983; Schofield, 1985; Pless et al., 1992).
An important vector, Triatoma dimidiata, is widely
distributed in rural areas in Guatemala and it is easily
observed in houses in this study area. Housing construc-



tion and housing conditions—mud-sick houses with
cracks in the wall and dirt floor—observed in this study
area are preferred by the vector as reported in other
countries of Latin America (Zeledon ef al., 1975; WHO,
1991).

This is the first epidemiological survey of Chagas
disease in Guatemala to determine the relation to ECG
abnormalities. Several sensitive serological tests to
determine anti-7. cruzi antibodies were used for in-
direct diagnosis of Chagas disease. A problem with
these serodiagnostic assay is the occurrence of false
positive results. This may occur with specimens from
subjects having leishmaniasis, malaria and some other
diseases (Nogueira & Coura, 1990). We used an indirect
hemaggutination test for anti-7. cruzi antibodies in this
epidemiological survey because the specific test for
measuring a large number of samples is not available.
This study indicates that Santa Maria Ixuatan, a rural
area of Guatemala, is an endemic area to Chagas dis-
ease, because 7.1% of inhabitants was seropositive to 7.
cruzi. The prevalence rate is 119 in Costa Rica (Zeldon
et al.,, 1975) and less than 6% in Mexico (Schettino et
al., 1988), indicating that not much difference was
observed among inhabitants in Central America. A
report from Northeast Brazil (Maguire et al, 1983)
indicated that inhabitants are infected early in life and
selective mortality due to chagastic cardiomyopathy
accounts for the decline in the seropositivity rate among
elderly inhabitants over 55 years. However, the preva-
lence rate of 7. cruzi infection increased significantly
with age in this area, and the same phenomenon is
observed in Ecuador (Andrade et al., 1978).

Chagas disease causes an interstitial myocarditis
with dissociation and degeneration of myofibrils, and a
good correlation between histopathological findings and
ECG abnormalities has been demonstrated (Rosenbaum
& Alvarez, 1955). Our survey indicated a strong associ-
ation of ECG abnormalities with seropositivity to T.
cruzi. In the seropositive individuals the most common
ECG abnormalities were ventricular conduction defects,
especially RBBB with or without anterior fascicular
block, resulting from alterations in A-V conduction

system which are unique to chagastic cardiomyopathy

(Maguire ef al., 1982; Andrade et al., 1978; Lima et al.,
1985; Kawabata ef al., 1987). Another ECG abnormality
observed in the seropositives was arrhythmias. The
most frequent type of arrhythmias was ventricular
premature contraction. Both ventricular conduction
defects and arrhythmias observed in this study are
characteristic of inhabitants in the endemic area of
Chagas disease (Maguire ef al., 1982; Andrade et al.,
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1978; Lima et al., 1985; Kawabata et al., 1987; Pless et
al., 1992). In this study area, of 77 seropositive individ-
uals examined, 22 (28.6%) had ventricular conduction
defects and/or arrhythmias, suggesting a high occur-
rence of cardiomyopathy among the seropositive inhab-
itants. A similar frequency of the ECG alterations is
observed among the infected individuals of other
endemic countries (Maguire et al., 1982; Zeledon et al.,
1975; Shettiono ef al., 1988; Andrade et al., 1978; Lima et
al., 1985; Kawabata et al., 1987; Pless et al., 1992).

Age distribution of individuals with the ECG altera-
tions is different among the .countries examined
(Maguire et al., 1982; Andrade ef al., 1978). In highly
endemic areas, selective mortality due to chagastic
heart disease also causes the decline in older individuals
with abnormal ECG (Maguire et al., 1982). On the other
hand, an other report indicated that there is a progres-
sive increase in the number of patients with ECG abnor-
malities with age (Nogueira & Coura, 1990). In this
study area, age distribution showed that the prevalence
of the above ECG abnormalities did not relate with that
of the seropositivity to 7. cruzi in the seropositive
group, and the prevalence was low in the seropositives
of age group of 40 to 59. The decline in the ECG
abnormalities in the middle aged seropositives may be
accounted for the selective death due to chagastic car-
diomyopathy.

In conclusion, this epidemiological survey showed
that Santa Maria Ixhuatan, Department of Santa Rosa,
Guatemala, is an endemic area to Chagas disease, and
the infection is associated with ECG alterations which
may lead to death in middle aged inhabitants. An
appropriate program to prevent 7. cruzi infection is
needed in Guatemala.
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Abstract: The geographical distributions of the genus Simulium Latreille s.l. in the Oriental and Aus-
tralasian Regions were mapped. The patterns of distribution were examined at the subgenus and species-
group levels. Among the 11 subgenera recorded in these regions, five (Byssodon, FEusimulium,
Montisimulium, Nevermannia and Simulium s.str.) were essentially Palaéarctic, apparently penetrating to
varying extents from the north to the Oriental Region and two of which were further extending their

eastward ranges up to the Australasian Region; while the other six subgenera (Gomphostilbia, He-

bridosimulium, Himalayum, Inseliellum, Morops and Wallacellum) were nearly endemic to the Oriental or
Australasian Regions or both. All the endemic subgenera, except Himalayum, had their own center of
development and distribution on the islands. Eight of 12 species-groups of Simulium s.str. were mostly
confined to the Oriental Region, and five of which demonstrated a definite insular pattern in their distribu-
tion. The probable dispersal routes were inferred for several species-groups of the subgenera Nevermannia
and Simulium s.str. The Simulium faunae of the Philippines, Sulawesi and the Maluku Islands present a
mixture of the Oriental and Australasian elements but the faunal break is likely to be seen on both sides of
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the Weber’s Line.

INTRODUCTION

Black flies (Diptera: Simuliidae) are one of the
most important groups among the blood-sucking
insects. This family includes serious pests of man and
animals in many countries. Some species transmit
several pathogens, such as filarioid nematodes of the
genus Onchocerca to man and cattle. The family is
widely distributed in all zoogeographical regions, being
found almost anywhere if there is running water suitable
as a habitat of the immature stages.

The Simuliidae in the Oriental Region were so far
classified by Crosskey (1967, 1988) and Datta (1983),
and their faunal feature was briefly described by Cross-
key (1990). Recently we revised the species-groups
within the two subgenera, Gomphostilbia Enderlein and
Simulium Latreille s.str., of the genus Simulium
Latreille s.1. (Takaoka and Davies, 1996) and provided
a checklist of the Simuliidae in the Oriental Region
(Takaoka and Davies, 1995), in which all the 246
species, but one tentatively assigned to the genus Sulci-
cnephia Rubtsov, were placed in the 11 subgenera of the
genus Simulium sl. and under three major subgenera

were further classified into several species-groups.

The Oriental Region consists of two types of lands,
continental (India, Indochina and south China) and insu-
lar (Philippines and Indonesia), and climatologically
belongs for the most part to tropical and subtropical
zones. This region is generally delimited on the north by
the Himalayan mountain range and the Yangtse River in
south China, on the west by the dry zone of Kashmir,
and on the east by the so-called Wallace’s Line or
Weber’s Line, both of which have been long reputed to
separate it from the Australasian Region (Fig. 1).
Gressitt (1956, 1961) analysing geographical distribu-
tion patterns of several insect families revealed that the
Oriental elements stretched eastwardly far beyond these
nominate lines, and included vast ranges of oceanic
islands including New Guinea in the Oriental Region.
He also discussed the faunal origins and affinities of
most oceanic islands (Gressitt, 1961).

The distributional features of the genus Aus-
trosimulium Smart in Australia and New Zealand, and
the subgenus Iuseliellum Rubtsov in Polynesia were
already shown by Dumbleton (1963) and Craig (1983)
respectively. However, no such attempts have been
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Figure 1 Map of the Oriental and Australasian Regions showing several zoogeographic border-
lines. Numeral below locality name indicates the number of species of the genus
Simulium s.l. so far found. Horizontal line indicates ecuator.

done in the Oriental Region, mainly due to the lack of
the faunistic investigations, especially in the eastern
part of Indonesia including Sulawesi Island (Celebes),
the Maluku Islands (Moluccas), Irian Jaya and the
Lesser Sunda Islands. In this paper the geographical
distributions of the genus Simulium s.l. in the Oriental
and Australasian Regions were outlined and drawn at
subgenus and species-group levels, on the basis of the
published and unpublished data including one recently
obtained from our faunistic surveys in Indonesia and
Peninsular Malaysia. Main information sources were
Takaoka and Davies (1995) for the Oriental Region,
Crosskey (1967, 1989), Takaoka and Suzuki (1995),
Takaoka (1995) for the Australasian Region, Crosskey
(1988) for both regions, and Craig and Craig (1986),
Craig (1987) and Craig et al. (1995) for Polynesia.

I. DISTRIBUTIONS OF TRIBES AND GENERA
(Fig. 2) '
The family Simuliidae was divided into -two sub-
families, i.e., Parasimuliinae and Simuliinae, of which
the latter was further divided into two tribes, i.e.,

Prosimuliini and Simuliini (Crosskey, 1988). The major-
ity of black fly species in this area were placed in the
worldwide genus Simulium sl. of the tribe Simuliini.
This genus occurs in most areas of the Oriental and
Australasian Regions and extends on the south up to
Tasmania Island, on the northeast to the Micronesian
Islands, and on the east as far as the Marquesas Islands.
Another genus Austrosimulium is confined to south and
east Australia and New Zealand (Dumbleton, 1963). In
addition, two genera of the tribe Prosimuliini were
reported: an unrevised “Cuephia” from Australia (9
spp.) and Swulicicnephia from Peninsular Malaysia. It
should be remembered that the record of the latter
genus was based on the tentative assignment of the
unique species, i.e., Su. unidens, described from the pupa
and larva, both of which have, though, many characters
atypical for the genus Swulcicnephia mostly recorded
from Central Asia (Takaoka and Davies, 1995). The
male adult of Su. unidens recently obtained also differs
in many morphological characters from most of the
other Sulcicnephia species and presents more characters
of tribe Simuliini than those of tribe Prosimuliini
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Figure 2 The world distributions of the supraspecific taxa of Simuliidae present in the Oriental
and/or Australasian Regions. P, tribe Prosimuliini; S, genus Simulium sl.; A, genus
Austrosimulium; PA, subfamily Parasimuliinae (shown only for reference).

Figure 3 The distributions of four subgenera of Simulium sl. in the Oriental and Australasian
Regions. B, Byssodon; E, Eusimulium; N, Nevermannia; S, Simulium s.str.
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Figure 4 The distributions of seven subgenera of Simulium s.l. in the Oriental and Australasian
Regions. HE, Hebridosimulium; Hl, Himalayum; IN, Inseliellum; G, Gomphostilbia, M,

Morops; MN, Montisimulium.

(unpublished data). Detailed taxonomic studies in
future are certainly needed to prove that Su. unidens is
assignable to the genus Sulcicnephia and also to the tribe
Prosimuliini.

II. DISTRIBUTION OF GENUS SIMULIUM S.L.
IIa. Distributions at subgenus level (Figs. 3 & 4)

The Simulium fauna of these regions is represented
by five main subgenera, Gomphostilbia, Inseliellum,
Morops Enderlein, Nevermannia Enderlein and
Simulium s.str. All but Inseliellum probably are not
monophyletic, including certain heterogenous species-
groups. There are six other minor subgenera of
Simulium s.. Four subgenera, i.e., Nevermannia, Simulium
s.str., Eusimulium Roubaud and Byssodon Enderlein, are
all cosmopolitan, of which first two occur widely in the
Asiatic continent and extend eastwards to cross both the
Wallace’s and Weber’s Lines as far as Norfork Island
and the Maluku Islands, respectively, while the other
two, Eusimulium and Byssodon, are poorly represented
by two species, each in Taiwan and Shimokoshiki Island
of the Ryukyu Islands, and by one species in Sri Lanka,
respectively (Fig. 3). The remaining seven subgenera
except Montisimulium Rubtsov (3 spp.) are almost
endemic to this area, and all but Himalayum Lewis (2

spp.) occur for the most part on the islands (Fig. 4).
Gomphostilbia, one of the dominant subgenera (64 spp.),
occurs in vast areas of the Oriental Region and extends
northward to Japan and eastward to the Solomon
Islands; it is also represented in the Palau Islands (1 sp.),
in Papua New Guinea (9 spp.) and in northern Australia
(1 sp.). Morops centers on Papua New Guinea (33 spp.)
and the Solomon Islands (14 spp.), and extends south-
wards into Australia (8 spp.) and westwards through
the Maluku Islands (7 spp.) into north Sulawesi (1 sp.)
and the Philippines (8 spp.); Sri Lanka has one represen-
tative. One Malaysian species was tentatively placed in
the subgenus Morops (i.e., S. (M.) gombakense) by
Takaoka and Davies (1995), but this was recently
proved to belong to the subgenus Gomphostilbia on the
basis of the adult morphology (unpublished data). In-
seliellum occurs on the Polynesian Islands (23 spp.) with
its western outposts in Guam Island (2 spp.) and Truk
Island (1 sp.) of Micronesia. Hebridosimulium Grenier
and Rageau, a small subgenus (3 spp.) endemic to South
Pacific, has also a disjunct distribution (1 sp. each in
Fiji, Vanuatu and Society Islands). Wallacellum Takao-
ka, close to Morops, has its main range in the Philippines
(8 spp.) but extends northward up to Yonakuni Island (1
sp.) of the Ryukyus through Lan-yu Island (1 sp.), east
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Figure 5

The distributions of six species-groups of the subgenus Gomphostilbia. A, ambigens—

group; BI, baisasae-group; BT, batoense-group; C, ceylonicum-group; H, hiroshii-group;

V, varicorne-group.

of Taiwan, and southward to Sulawesi Island (1 sp.); it
is also represented in Seram Island (Ceram) (1 sp.) and
Biak Island (1 sp.) (unpublished data).

ITb. Distributions at species-group level
IIb-1. Subgenus Gomphostilbia (Fig. 5)

There are five species-groups included so far in
Gomphostilbia (Takaoka and Davies, 1996). Among
these, three species-groups, i.e., batoense-, ceylonicum-
and varicorne-groups, have a wide range in the Oriental
Region, and are extending their northeast range up to
Japan; while in Irian Jaya, Papua New Guinea and north
Australia only batoense-group is represented by four,
nine and one species, respectively. Seram Island of the
Maluku Islands and Flores Island of the Lesser Sunda
Islands each have one species of the ceylonicum-group,
as well as one and two species of the batoense-group
(unpublished data). The two other minor species-
groups, i.e., ambigens-group (1 sp.) and baisasae-group
(3 spp.), are confined to the Philippines.

In the map (Fig. 5), one more species-group, %iro-

shii-group, was added. This is provisionally proposed to
accommodate S. (G.) hiroshii recently found in the
Solomon Islands and Bougainville Island (Takaoka,

1994, 1995). The last three species-groups constitute a
different element, presenting several characters which
are atypical among Gomphostilbia (Takaoka, 1983,
1994). In particular S. (G.) hiroshii is an enigmatic
species, of which the male genitalia are typical for
Morops, and the female genitalia (including the sper-
matheca with internal setae) are very similar to those of
the ambigens- and baisasae-groups.

IIb-2. Subgenus Morops (Fig. 6)

Of the eight species-groups of Morops defined by
Crosskey (1967) and Colbo (1976), two species-group,
i.e., farciminis-group (8 spp.) and oculatum-group (7
spp.), are confined to Irian Jaya and Papua New Guinea;
another species-group, papuense-group (1 sp.), is also
distributed in Irian Jaya and Papua New Guinea but
extends eastwards into the Solomon Islands and west-
wards as far as Seram Island; a similar pattern is shown
for the clathrinum-group (ca. 20 spp.) which has,
though, a weak representation in north Australia (1 sp.)
and extends a little further westward as far as Halma-
hera Island. On the-other hand three small groups, i.e.,
Jaheyi-group (3 spp.), lawnhillense-group (1 sp.) and
mackerrasorum-group (1 sp.), have their limited distri-
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Figure 6 The distributions of 12 species-groups of the subgenus Morops. A, alienigenum-group
(provisional name); B, banauense-group (provisional name); C, clathrinum-group; E,
Jaheyi-group; F, farciminis-group; K, mackerrasorum-group; L, lawnhillense-group; M,

melatum-group;, O, oculatum-group;
trivugosum-group (provisional name).

bution only in Australia. The melatum-group (7 spp.)
occurs in both Papua New Guinea (also Irian Jaya) and
Australia although it is more abundant in Papua New
Guinea. ‘

The sherwoodi-group (6 spp.), recently proposed by
Takaoka (1995), is limited to the Solomon Islands and
Bougainville Island. In the Oriental Region, eight and
one Morops species were reported from the Philippines
and Sulawesi, respectively, of which one (from Palawan
Island) was placed in the alienigenum-group (provi-
sional name) and the others were in the banauense-
group (provisional name); one more species found in Sri
Lanka (Davies and Gyorkos, 1988) was also provision-
ally treated to represent the different group (#irugosum
group) by itself. “The last four species-groups possess
the male genitalia with parameral hooks, which are
atypical among Morops (Takaoka, 1983, 1995; Davies
and Gyorkos, 1988).

IIb-3. Subgenus Nevermannia (Fig. 7)

There are three species-groups of Nevermannia in
these regions, which are much different morphologically
from each other. The vernum-group, of an apparently

P, papuense-group; S,

sherwoodi-group; T,

Holarctic origin, is widely distributed in north India,
Indochina, south China, and adjacent continental islands,
such as Taiwan and Java (2 spp. each) and also occurs
on the oceanic islands (S. (N.) aberrans in north Luzon
and S. (N.) bonninense in Hahajima Island of the Bonin
Islands). The feuerborni-group is a small group com-
prising 12 species, of which 10 species are distributed in
the Oriental Region, one species, S. (N.) sasai, is in the
Palaearctic Region and one species, S. (IV.) mie, is in
both regions. In Southeast Asia, its range extends
eastward to Bali Island (1 sp.), Sulawesi Island (1 sp.)
and Mindanao Island (1 sp.). The ruficorne-group,
which has a wide distribution in the Ethiopian, Palae-
arctic, Oriental and Australasian Regions, includes only
six species in the latter two regions, of which S. (N.)
aureohirtum and S. (N.) ormatipes, both autogenous in
ovarian development (Hunter, 1977; Takaoka, 1989),
are widely distributed in the Oriental and Australasian
Regions, respectively. The ranges of both species are

separated from each other by the strait between Irian
Jaya and the Maluku Islands, though in the latter islands
only Halmahera is inhabited by S. (N.) aureohirtum,;
this species also exists in Flores Island of the Lesser
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Figure 7 The distributions of three species-groups of the subgenus Nevermannia. F, feuerborni-
group; R, ruficorne-group; V, vernum-group (not confirmed from Sumatra, though

included).

Sunda Islands (unpublished data). The other four
species of the ruficorne-group have a restricted range:
S. (N.) angustitarse in south China, S. (N.) glatthaari in
Sumatra, S. (N.) #neornatipes in New Caledonia, and S.
(N.) norfolkense in Norfolk Island.

ITb-4. Subgenus Simulium s.str. (Figs. 8, 9 & 10)
Twelve species-groups of the subgenus Simulium s.
str. are known in the Oriental Region but not in the
Australasian Region except one species of the
melanopus-group recorded from Seram of the Maluku
Islands (unpublished data), just east of Weber’s Line
redrawn in 1904. The tuberosum- and malyschevi-
groups are generally distributed in the Holarctic Region
(Fig. 8). The malyschevi-group is represented by three
species in south China, one of which occurs also in
northeast India. The fuberosum-group (13 spp.) is
widely distributed not only in the Asiatic mainland but
also in the continental islands, such as Sumatra (2 spp.),
Java (1 sp.), Borneo (2 spp.), Palawan Island (1 sp.) and
the Ryukyu Islands (1 sp.). The ornatum- and var-
tegatum-groups, which are morphologically very close
to each other, are widely distributed in the Palaearctic
Region, of which the ornatum-group has only .two
species in the Oriental Region, one in south China and

the other in northwest India; on the other hand, the
variegatum-group has a wide range mostly in the main-
land of the Oriental Region, where it is represented by 13
species (Fig. 8).

The three species-groups, i.e., g7iseifrons-group (9
Spp.), striatum-group (14 spp.) and multistriatum-group
(9 spp.), which are apparently allied to one another, are
widely distributed in the mainland and adjoining conti-
nental islands of the Oriental Region (Fig. 9), of which
the griseifrons- and striatum-groups are spreading both
northeastwards and northwestwards into the Palae-
arctic Region. The multistriatum-group extends only
northwestwards into Central Asia. Both the muliti-
striatum~- and striatum-groups are well represented in
India by five and six species, respectively.

All the other five species-groups have their ranges

only on the islands except the nobile-group, which, in

addition to its probable distribution center on the
Philippines (6 spp.), is also represented by two species in
the Asiatic mainland (1 sp. in northeast India and 1 sp.
from northeast India to south China through Thailand),
and also by one species in Taiwan (Fig. 10). The
melanopus-group is mostly distributed in the Philippines
(14 spp.); it is also represented in Sulawesi (4 spp.),
Borneo (3 spp.), Peninsular Malaysia (1 sp.), and the
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Figure 8 The distributions of four species-groups of the subgenus Simulium s.str. M, malyschevi-
group; O, ornatum-group; T, tuberosum-group; V, variegatum-group.

Sunda Islands from Sumatra to Flores (3 spp.). The one
undescribed species of this species-group was found on
Seram Island of the Maluku Islands, representing the
easternmost distribution of the subgenus Simulium s.
str., as already noted. In the Sunda Islands (Sumatra,
Java and Flores) there are two small species-groups,
i.e., eximium-group (3 spp.) and celsum-group (provi-

sional name, 2 spp.). The most striking finding is the

new species-group (yet unnamed) found only on Sul-
awesi Island, which consists of 11 new species (unpub-
lished data).

III. SUMMARIZED DISTRIBUTION PATTERNS
AND POSSIBLE DISPERSAL ROUTES OF
SOME SUBGENERA AND SPECIES-GROUPS

As shown in Figs. 2-4, the genus Simulium s.l. as a
whole showed a rather simple pattern of distribution,
with more subgenera in the Asiatic mainland, progres-
sively diminishing its faunal variety toward the east to
the South Pacific, reflecting the geographical situations.

The similar tendency was already reported in many

other groups of insects (Gressitt, 1961).

The more definite patterns of distribution were
demonstrated at the subgenus and species-group levels.

The 11 subgenera of the genus Simulium s.1. recorded in

these regions are divided into five groups on the basis of
their distribution patterns: the first group is an essen-
tially Holarctic or Palaearctic, apparently is penetrating
to varying extents from the north to the Oriental Region
(eg., Eusimulium, Byssodon and Montisimulium, all con-
fined to the mainland or nearby continental islands), and
further extending their eastward ranges up to the Aus-
tralasian Region (Simulium s.str. and Nevermannia) ;
the second is confined to the Asiatic mainland (Hima-
layum); the third has its distribution center on the
continental islands (eg., the Sunda Islands) and is widely
extending northwards into the Asiatic mainland and
eastwards beyond the Weber's Line (Gomphostilbia) ;
the fourth is almost the same as the third except its
distribution center on New Guinea and its westward and
southward dispersals (Morops); the fifth is character-
ized by an exclusively insular distribution ( Wallacellum,
Inseliellum and Hebridosimulium). The last five sub-
genera are morphologically similar to one another, and
certainly must have derived from a common ancestor, ‘
but their phylogenetic relationship has not been elucidat-
ed yet. None of the subgenera has been attempted to
reconstruct its phylogeny, except Iuseliellum which is
presently under study by Dr. D. A. Craig (pers. com-
mun.).
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Figure 9 The distributions of three species-groups of the subgenus Simulium s.str. G, griseifrons-
group; M, multistriatum-group; S, striatum-group.

The subgenus Simulium s.str., though generally
regarded as a cosmopolitan, is heterogenous in element,
including eight species-groups whose ranges are mostly
in the Oriental mainland and/or islands. They also
exhibit two different distribution patterns, i.e., center of
distribution being on the continent and/or continental
islands in one group (eg., griseifroms, multistriatum,
striatum, eximium, and celsum), and on the oceanic
islands in the other (nobile, melanopus, and the unnamed
group on Sulawesi). All these species-groups apparent-
ly had developed in tropical Asia. The first group may
be inferred to have been inferior to the second group in
over-sea dispersal abilities or in adaptabilities to insular
environments. In the second group, supposedly the local
speciation of the nobile-group had taken place on each
island of the Philippine Archipelago and a few of its
descendants had then undergone their westward and
northward movements to reach northeast India, south
China and Taiwan. This hypothesis on dispersal may be
supported by the morphological characters, such as the
variation in number and shape of the pupal gill filaments
in the nobile-group, assuming that the pupal gill fila-
ments tend to decrease in number and to become inflat-

ed in the process of the specialization. The similar
dispersal from the Philippines might have been done also
by the melanopus-group, according to the morphological
changes in the female genitalia, particularly, in the
paraprocts (Takaoka, 1983). The unnamed species-
group found in Sulawesi is different from the former
two species-groups by presenting a remarkable intra-
island speciation.

The difference in colonization of oceanic islands by
these species-groups (also by the three insular sub-
genera) may have been caused not only by the difference
in the over-sea dispersal abilities of the adults and the
adaptabilities of the immature stages to the various
insular environments but also by the difference in the
time of their ancester’s arrival(s) and various geologi-
cal events on each island in the past.

Among the species-groups widely distributed in and
outside the Oriental Region, the ruficorne-group of
Nevermannia seems to have well conformed to warm
climate conditions and also to very slow-flowing waters
since it was often found to inhabit lowland ditches with
the water temperature of 30 °C or more in paddy fields
where no other black fly species usually could live
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Figure 10 The distributions of five species-groups of the subgenus Simulium s.str. C, celsum-group
(provisional name); E, eximium-group; M, melanopus-group; N, nobile-group; X, un-

named group.

(unpublished data). Interestingly S. (N.) glatthaari and
S. (N.) aureohirtum in the Oriental Region have eight
and six pupal gill filaments per side respectively, while
all the other species in the Palaearctic, Ethiopian and
Australasian Regions have four gill filaments. As infer-
red for the nobile-group, it may be speculated that the
ruficorne-group had originated in Southeast Asia (prob-
ably in or near Sumatra) and had migrated both east-
wards and westwards. On the other hand, the vernum-
group of Nevermanwia inhabits only high mountains
over 1000 m in altitude with cool climate conditions in
Peninsular Malaysia, Java, Taiwan and Philippines
(Takaoka and Davies, 1995, 1996; Takaoka, 1979, 1983).
The relic distribution of this species-group may be
explained by their influx into Southeast Asia from the
north at the Pleistocene glaciations and their subsequent
retreat northwards, leaving several species only at the
high elevations where the climate was cool enough to
support their breeding. This species-group would be
predicted to be found also at the Mt. Kinabaru (alt., ca.
4100 m) in north Borneo and at the Mt. Kerinci and
others (alt., over 3000 m) in Sumatra if explored.

The tuberosum-group of Simulium s.str., which
seems to be less susceptible to the high temperature
conditions, is distributed not only on the mainland but
also on the continental islands, such as Sumatra, Java,

Borneo and Palawan, all of which are situated on the
Sunda continental shelf delimited by the contour of 180
m below sea surface. The colonization of these islands
in tropical Asia by this species-group might have occur-
red also during the Pleistocene glacial periods when
these islands had been connected. The relatively poor
representation on each continental island by these two
species-groups, only one or two endemic species (Ta-
kaoka and Davies, 1995), might have been due to the
shortage of time to allow subsequent local speciation.

IV. THE SIMULIUM FAUNA AND THE WAL-

LACE’S AND WEBER’S LINES

The Wallace’s and Weber’s Lines are the zoogeo-
graphical boundaries separating the Oriental from the
Australasian Region. The significance of these lines
differs by the different groups of animals (Mayr, 1944).
The modified Wallace’s Line (Huxley’s Line) united by
the Kano’s Line coincides well with the western edge of
the range of the insular subgenus Wallacellum (Figs.1&
4), and the Wallace’'s Line 1910 corresponds to the
eastern edge of the feuerborni-group range (Figs. 1 &
7). However the more drastic change of the Simulium
fauna is likely to be seen on both sides of the Weber’s
Line. In the Philippines the Oriental elements (729% or
41 of 57 total spp., i.e., Nevermannia 4 spp., Gomphostil -



bia 13 spp., and Simulium s.str. 24 spp.) outnumber the
Australasian element (14%, Morops 8 spp.) (Takaoka,
1983). The Sulawesi fauna of Simulium s. 1. is also
characterized by the predominance of the Oriental ele-
ments (92.89 or 26 of 28 total spp., i.e., Nevermannia 2
spp., Gomphostilbia 9 spp. and Simulium s. str. 15 spp.)
and the impoverishment of the Australasian element
(3.59%, Morops 1 sp.) (Takaoka and Roberts 1988; un-
published data). The fauna of Flores Island of the
Lesser Sunda Islands is all represented by the Oriental
elements (Nevermannia 1 sp., Gomphostilbia 4 spp. and
Simulium s.str. 3 spp.) (unpublished data). On the other
hand, in the Maluku Islands, just east of the Weber’s
Line, the Australasian element (509% or 7 Morops spp. of
14 total spp.) somewhat predominates the Oriental
elements (43%, i.e., Nevermannia 1 sp., Gomphostilbia 4
spp., and Simulium s.str. 1 sp.) (unpublished data).
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"CONTAMINATION OF SOIL WITH PARASITE
EGGS AND OOCYSTS IN AND AROUND
KUALA LUMPUR, MALAYSIA
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Attempts to isolate parasite eggs from the soil have
been made in many countries in the world. The soil
samples collected from the surrounding environment in
developed countries like Germany, England, Australia,
Japan, or America have revealed the presence of Toxo-
cara eggs (Schantz, 1989). Toxocara that causes the
larva migrans in human has attracted considerable
attention during recent years as an important public
health problem. 7Toxocara infection in humans occurs
primarily by ingestion of embryonated eggs in soil
contaminated by feces of dogs and cats (Schantz and
Stehr-Green, 1988). On the other hand, in many coun-
tries located in the tropical areas, little attempt has been
made to detect parasite eggs from soil. Uga ef al
(1995) examined the soil around houses in slum areas of
Surabaya, Indonesia, and have found the eggs of Ascaris
lumbricoides and Trichuris trichura including those of
Toxocara sp. These reports suggest that the soil contam-
ination in developed countries is caused by pet feces,
while that in developing countries by both human and
pet animal feces.

In recent years, in the capital cities and their sub-
urbs in many developing countries in the tropics, a
systematic developmental process is underway to estab-
lish an environment wherein the inhabitants can live
comfortably in modern facilities. It is not exceptional in
and around Kuala Lumpur, the capital city of Malaysia.
In Kuala Lumpur, many big modern parks like those
seen in America and Europe have been set up. However,
at the same time, in rural areas of this country, there is
a high infection rate of human parasites and subsequent
soil contamination has been suggested (Lai, 1992; Rah-
man, 1994). Whether soil contamination by the parasite

eggs occurred in the newly developed modern parks has
not been reported. In this study, we examined the
present situation of soil contamination by parasite eggs
in modern parks located in Kuala Lumpur city and its
suburb.

Surveys were carried out on two occasions: Decem-
ber, 1994 (rainy season), and July, 1995 (dry season). In
this study, the survey was done in three areas, and five
parks in each area were examined, i.e., 15 parks in total.
Those areas were Kepong area including Parks 1-5
located north-west of the city, Petaling Jaya area in-
cluding Parks 6-10 in the south-west, and Serdang area
including Parks 11-15 located south in the suburb. Soil
samples were collected from 4-6 places of each park in
the respective areas (89 samples were collected in each
season; 178 samples in all). Collected samples were
divided into four types (sand, loam, clay, and others)
according to their character so as to clarify the relation-
ship between the quality of soil and the contamination
rate. The parasite eggs were detected by the centrifugal
flotation technique described previously for the recovery
of eggs from sand (Uga et al., 1993).

Throughout the study, three species of helminth
eggs (Trichuris wvulpis, Toxocara canis, Unidentified
nematoda) and four species of protozoan oocysts
(Isospora sp., Wenyonella sp., Hoarella sp. Octosporella
sp.) were detected (Table 1). Prevalence of parasites
was 42% in the rainy season, and 249% in the dry season,
suggesting parasite infections many occur more in the
rainy season than in the dry season. Similar observation
has also been made in Indonesia (Uga et al., 1995). The
contamination rate -of soil with 7. vulpis eggs was not
changed either in the rainy or dry season. Because of
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~Table 1 Species of soil-transmitted parasite eggs and oocysts recovered from soil

in Kuala Lumpur, Malaysia

Dec. 1994 Jul. 1995
. . No. of No. of

Species sljig‘xpcl.i po;)iti:re 6 po;)iti?re (%)
Trichuris vulpis 89 4 4 4 4

Toxocava canis 89 0 0 1. 1

Unidentified nematoda eggs 89 13 15 12 13
Isospora sp. 89 3 3 1 1

Wenyonella sp. 89 13 15 0

Oocystst# 89 8 9 7 8

Total 89

37* 42 21* 24

*More than two species of parasite were found in one specimen.
#Either the oocysts of Hoarella sp. or Octosporella sp.

the close morphological similarity between the eggs of
T. canis and T. cati, little attempt has been made to
differentiate between them. Scanning electron micro-
scopic observation, however, has revealed a difference
in surface structure of T. canis and T. cati eggs. They
can also be distinguished by light microscopy (Uga et
al., 1993). Based on these previous observations, the
Toxocara eggs detected in this study were identified as
T. canis. The unidentified nematoda eggs shown in
Table 1 were oval, embryonated, and measuring 36 X 71
xm in size, with a transparent egg shell. We are unable
to determine the type of animal discharging these eggs
or whether they were infective to human. As to
Wenyonella sp., it seemed that the oocysts were less
resistant to dryness, as its prevalence was 15% in the
rainy season and 0% in the dry season, showing a signifi-
cant difference. The definitive host of Wenyonella sp. is
ducks. In the parks where such oocysts were detected,
a pond was located at the center with ducks being
raised, which might have been the source of contamina-
tion, but the possibility of other avian species cannot be
excluded. The oocysts detected in this study were
identified as Hoarella sp. or Octosporella sp. on the basis
of their size, number of sporocysts, and number of
- sporozoites. Since the Hoarella sp. or Octosporella sp.
are reported only from sauropsids, no further analyses
were made.

Of the total soil samples collected, 53% were loam
type followed by clay type (22%), sand type (18%), and
other types (7%) with a parasite egg detection rate of
28, 25, 19, and 17%, respectively. These findings were
not related with the type of soil and their contamination
rate by parasite eggs. ~

Among the parasites recovered through this study,
there were two species known to infect human beings,
namely, 7. vuipis and T. canis, dogs being the definitive
host of both nematodes. No parasite that has human

beings as the definitive host was recovered, indicating
no contamination by human feces occurred in these
areas. On the contrary, Mohammod et al. (1988) report-

~ ed that soil-transmitted helminths were widely distribut-

ed in the urban slums of Kuala Lumpur. Furthermore,
recent studies done by Lai (1992) and Rahman (1994)
have clarified the existence of many species of human
parasites among the people living in the rural areas in
Malaysia. Lai (1992) has also found eggs of A. lum-
bricoides and T. trichura in 109% of the dirt of the
children’s nails. With the importance of 7. vulpis and T.
canis in the causation of zoonosis, we analyzed the data
further in detail (Table 2). Out of 15 parks studied,
these two parasites were found in six parks (40%; Parks
1, 7, 9, 11, 12, and 13). Throughout the study, the
Serdang area revealed the highest rate of contamina-
tion, especially from Park 11 in this area. T. vulpis eggs
were also detected from adjacent Parks 12 and 13 in-
dicating the higher intensity of contamination in Ser-
dang area compared to other two areas. The reason for
the higher contamination rate in this area appears to be
due to many dogs kept in the Chinese community.
Oikawa (1995) reviewed the study on a survey of dog
and cat parasites in Malaysia. Subsequently, 12 species
of parasites were reported and many of those were
known to be a cause of zoonosis or larva migrans. Since

Table 2 Contamination rate of different parks by 7. vulpis
and 7. canis eggs

1994 1995
. Park No. of eggs Park No. of eggs

Parsites no. found no. found
Trichuris vulpis 1 3 9 1

7 1 11 1

9 1 12 3

11 105 13 1
Toxocara canis — — 11 2




1) Lai, K.P.F. (1992):

contamination of soil by pet parasites might increase
further, proper control measures in public areas to avoid
zoonotie diseases should be taken.
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LEG COLOR VARIATION OF FEMALE
SIMULIUM AOKII
(DIPTERA: SIMULIIDAE)
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Abstract: Color variations of legs (in particular hind femora and tibiae) were observed in female Simulium
aokii (Takahasi, 1941) caught monthly at cattle shed in Oita, southwest Japan. Female flies were collected
from November to April but not during warm and hot months (May to October). Female flies with legs
darker than normal began to appear in the mid autumn (November) and increased in relative abundance up
to the mid winter (January), and then decreased gradually until the mid spring (April). The intensity of
darkness on both hind femora and tibiae varied similarly, with the darkest in January. During these cool
or cold months, there was a positive correlation between the relative size of dark area on the tibia and the
wing length. From these results the species status of S. aokii was discussed in relation to S. oitanum

originally described from Oita.

INTRODUCTION

Coloration of adult blackflies is usually stable and is
used as a character for species identification. There
have been only a few reports on the color variations of
adult simuliids (Garms, 1978; Garms et al., 1982).

When working on the transmission of bovine O#-

chocerca spp. in Oita, Kyushu, Japan, we collected
females of Simulium aokii, of which legs were darker to
varying extent than those originally described (Taka-
hasi, 1941). This is one of the common blackfly species
in Qita, is abundant from autumn to spring (Takaoka,
1994) and is known as a potential vector of bovine
Onchocerca sp. in Oita (Takaoka and Bain, 1990).

We examined whether the occurrence of the female
S. aokii with darker legs is related to the cold months
and also to the fly’s body size.

The taxonomic status of S. dokii was also discussed
in relation to S. oitanum described from Oita (Shiraki,
1935) which had been long thought, by some taxono-
mists, to be a senior synonym of the former species.

MATERIALS AND METHODS

The study was conducted at Imanaga cattle shed in
the western part of Oita City, Oita Prefecture. The
detailed information on the cattle shed, its locality and

environment were already given in Takaoka (1994).
The collections were made twice per month from Febru-
ary 1993 to April 1995. The time used for one collection
was 1-3 hrs in the afternoon (15:00-18:00 hr). Female
flies landing or resting on the inside surface of glass
windows of the cattle shed were collected by an aspi-
rator, and preserved in 8095 ethanol. After identifica-
tion to species using the keys of Takaoka (1977), the
wings of all S. aokii females were individually measured
under dissecting microscope. The wing length was
represented by the distance from arculus to the wing tip.
The values were used as an index of body size. The
coloration of hind femora and tibiae of each fly was
recorded, and depending on the relative length of dark
area(s) against the total length of segment, the flies
were divided into four types (Fig. 1): for tibiae, 20-409
darkness to type I, 41-609% to type II, 61-80% to type III,
81-1009% to type IV; for femora, 20-35% to type I, 36-
509 to type II, 51-65% to type III and 66-80% to type
IV.

RESULTS

The results of collections are presented in Table 1.
Female S. aokii were collected from November to April
but not from May to October. Fig. 2 shows the fre-
quency distribution of four types of flies based on the
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Figure 1 Color variations of hind femora and tibiae of
female Simulium aokii. Numbers show type of
color depending on the darkness. F and T mean
femora and tibiae, respectively.

Table 1 Results of monthly collections of female Simulium
aokii at Imanaga cattle shed in Oita city, Japan.
Data obtained in 1993-1995 were combined.

No. No. fli Air temp.
Month collections caughiS O g
Jan. 4 19 6-10
Feb. 4 110 9-12
Mar. 4 63 12-14
Apr. | 4 7 15-19
May 2 0 18-21
Jun. 2 0 22-28
Jul. 2 0 25-30
Aug. 2 0 28-33
Sep. 4 0 20-26
Oct. 4 0 17-22
Nov. 4 29 16-19
Dec. 4 22 6-11

coloration of the hind tibiae. It was clearly shown that
the females with darker tibiae (types II-IV together)
increased in relative abundance from November to
January and then decreased until April, occupying 70-
100% of the total catches during the winter months
(December to March). The females with type I1I tibiae
were the most abundant in January, February and
March. The frequency distribution of four types based
on the coloration of the femora showed a similar pattern
(Fig. 3).

The coloration of tibiae had a significant positive
correlation with the wing length (Y=2.62+0.0087X; X:
% darkness of tibia, Y: wing length; r=0.73, df =248, P<
0.01).

The average wing length (mm) was 2.95+0.11 for
type I (n=50), 3.03+0.10 for type II (n=63), 3.24+0.17
for type III (n=107), and 3.39+0.16 for type IV (n=
29).

100 ¢
90 |
80
70 |
60
S50
40 |
30 |
20 t+
10

MW Tyre v
B TvPe
TYPE I

OJ Tvpel

FREQUENCY (%)

MONTH OF YEAR

Frequency distribution of four types of female
Simulium aokii based on tibial coloration.

Figure 2
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Figure 3 Frequency distribution of four types of female
Simulium aokii based on femoral coloration.

DiISCUSSION

It was found that the leg color variation of S. aoké:
in Oita was seasonal; flies with darker legs dominantly
occurred in mid winter but rarely in autumn and spring.

In our observations, the leg color variation was also
found to be related to the wing length (then, body size).
The leg coloration became darker as the wing length
became longer. It might be attributed to the sufficient
nutrition during the prolonged larval development under
low water temperatures, although it is not known why
excess melanin is produced only in the larger adult flies.

Our results suggested that variations found in the
leg coloring of female S. aokii were probably
intraspecific, because of their continuous changes
although flies were roughly classified into four types
dependent on the coloration. The possibility that our
material was composed of two or more species with
different leg colors would be low, since no siblings were



detected so far in the populations of S. aokii in Oita
according to our cytotaxonomic study of larval polytene
chromosomes (Hadi et al., 1996).

According to the original description (Takahasi,
1941) S. aokii was distinguished from S. oifanum in the
female by the pale mid and hind femora. As shown in
the present study, the females of S. aokii grouped into
type III and IV for femora were indistinguishable from
those of S. oitanum. This may support the claim that S.
‘aokii and S. oitanum are the same species. However we
hesitate to make such a conclusion. It is because there
is a discrepancy in seasonal occurrence between these
two species. It was in August that type female speci-
mens of S. oifanum were collected (Shiraki, 1935) when
adult S. aokii were almost nil in Oita (Takaoka, 1994).
If the collection date given by Shiraki was not errone-
ously noted the two spécies will be regarded to be
distinct from each other. At present, type specimens of
S. oitanum can not be located, and no additional new
specimen is available in Oita for comparative studies.
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