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KEY — a<=7EDERRE

—Promastigote BEHIZ X

% BRFED AR —

Rtk XF
PRITEIAERA/PR2FE2A 1 ARE

# E

PUITIETEIVREL:, KEY—Yvav
ZTIERERRRT 2B 8. EURENKE
TU, R ERA B EZRE» 5 LR
B sz 2-Th, BENEIRL DO THRMAT
Ry, FROESESTRTITRL 720 E S h¥
ETIDIIRHETH o7, 22T, FRKE-ST
Vi bANLVERE, RYRELA THEERT
BHEERE LI, BB —Y 2= TEZFE
2w 5B 21E, Leishmania tropica 1 ZPNEALY —
Vav=TEXRESRS L. donovani & V1B
BEIFS, t N OFEREROEE CIIREREET
ERVEEZ SN TS (Berman and Neva,
1981), L L, B L BHED T TIREIC L 2 BE
IR ERETL 1ogE, BRICHBEERA R
BRI, FOREOFHBIE-ED L Tw
7z\>» (Peters and Killick-Kendrick, 1987), #
ZT, KEOXAEL VEBAKGEPECTWEREL
REO#EA TRADRRCESEMZ, F9bEi:
13FEIR S B BRM% in vitro THRET LT, E PO
FWIZIZ Amastigote BUIEHSFEL T2 328,
BAEERR Tt 2 RSB D Amastigote BIHH
51582 DIXNEE: DT, Promastigote EHR %
W CREEMZ, Z0HROFHOEE LR
BEEZL, ETOHMRE/RIOTHRET 5,

HEB LU HE
1) Leishmania K

REXFEBREFFEHERE

REE, $vY7I7ETDT V4 FHI19874
6 AL VFEEIZA £ THEL, HRERI7-518%
DOBREXABHOEREBHEIDOLZ X D, 19884 3
A3lESBL (KN# & 7), NN N i#
(Leventhal and Chadle, 1989) TRk D
Promastigote BT, #EstucEz v T148EL
NORH % FBRCHE L 12,

2) BEEREA

BIEATE O N N N#5#11. 3 m/ 12 & By Ak
UATAEREET) 1.0m! 2 AN/ /NRBRE
(W1 cmxBE210cm) NTHEE2EEL (U
TER/NR LT, EIREN & 22 i3 fER AR
—ERRISER, BPOCEEERERETH S
25CCRL, REOBHERNLBEOEE, BLU
BEIRRESR, EHMCR L bI4AREREL 72,
R CORRIE, AEOWE L 5B/NAND
A RWE % F—O0z U, Ef#HES51. 8 cm IKE £
WHTWBRE—KiE (F2OHBH) &, KiE
OWHE 2B/ NRDERBHE L V2.5cm &L L,
N N Nz B AHE % 3 CREDIE T 12tk
DizEkfE (F5DOEBHE) O 2HETIT-o7,
Fl—Akfrik % 723 BAAE TOERIR T, 5l%
EBAMETEREZTIBE R, FBKTHR
DEE/INEAORAR0.2 m! 2 FHLVAR0.8 m/
AN NNNEHzwh, BMREL TF0%
DENE »BELT:,

3) FRHOERE

R INBAOREEBIPERA 714 P2 1T,
400fERDOFEMEE T T 5 HEFHREL, RHICEHN
REIEBBEBRINIIEEPERLHEL, Boh
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T EROBRRE R ROFEE TR L 72,

+ EHOBRAEH10KR/REF

++  ARORKEH10LA 100K /R
+++  EHORAEH100L L /HE

WEIH R BRZEIE R b D
[FHR S S g

B #

1) ERICARIERBEORE

FREHEEY, FRE2Hb3Haes
BEZRET 3HNT, 56C, ABRBBRTH?
47C, &t b DERNEERRTH % 3TC, L. tropica D
HETHAETHS25C, L THRENRED
7°CE AV, FhFhOEREPNCHE/ AL 24
BER2CCTE Sz 4 HEEEEL, 1 %256
720

56°C 42°C D22/ Rz, 24BRERE T
BEEBRICERELTY, Z0H%255°C TIEEL- 4
HEC b, Bi& 2RTRRIREIE > 57,
37°C T3, FERE X VY B L -ERICIZRRIZ
TETH-71205 25°C THET 2 L 1HBEO &

&
PR

E@mb%ﬂ 0% IHMIREE L), 7°CT

, AERE & DIY H L BRI RENERC
§ju>’(b>t®'@ %@i % 7°CI108R -7 &
_6éﬁbﬁﬁtm%$tbfﬁot%CTu
5 EFaﬁ)Fw;tiﬁw -

Fabb, BRI TCO & S BRI ETE
BFEB, 42°CR056°C IC24RFHIRFE T 5 L By
RO oNix B ole, KEENED SED 5 IHE
WISAT 32 DIzl 56°C TIRET & 2 D T42°C
BRY, UTOREBRET-72,

2) 42°C, FE—AKAIHEI & 28

a) 3043 & D905 & TSR

B RR T 5121%, /NERE CERRED Hhs R
EOEEBRDIZODT, $TEEHMOL5ED 2
EFNVEERE LT, BE—KUETI05 & D05 %
TR T 7 BAC 2 THRIBH#®25°CKRL, #
DHBEDOFEROE X L HIBREL R, X225
720

ERNEAPEREL VD H LU ERICERET
2k, 300DRERTT CIRERIIERM LB 2 5
TERLRD, 905 TORMAT: ¥ OEB/INAD
JFHIZH BRI IT D oo, Ly

Table 1 The effects on the movement and multiplication of promas-
tigotes of maintenance at five different temperatures for 24 hr

24 hr*

Days kept at 25°C

1 2 3 4
56°C —* - . - -
42°C - - . - -
3rc - + ++ ++
25°C ++ ++ . ++ +

Days kept at 7°C

1 2 3 4 10

7°C +++ ++ . + + ++

% Test tubes contained NNN medium, saline and promastigotes
were kept in each rooms maintained at the temperatures

indicated.
% ¥

Observations were made in 5 visual fields under a microscope,

at a magnification of 400, and the movement and multiplica-
tion of promastigotes were recorded as follows: —, moving
promastigote were not observed; +, maximum number of
moving promastigotes per field was 9 or less; + +, the number
of moving promastigotes was between 10 and 99; + + -+, the

number was greater than 100; -,

not tested.



145

Table 2 The effects on the movement and multiplication of promastigotes of keeping
them for 30 to 90 min at 42°C when the water levels were the same*

Minutes kept at 42°C

Dayt 30 40 50 60 70 80 90
0t ++§ - - - - - - -
1 F++ - + - - -~ - -
2 n - - _ - - - -
3 ++ ++ ++ + - - - -
5 F+ + + + + + — —
8 T+ n + + T+ 4 ++ 4+
15  +++ 4+ FH++ +++ FH+ A+ A+ +

* The level of liquid of medium in test tubes and the level of the water
in the water bath at 42°C were the same.

Days at 25°C after heating at 42°C.

Observations were made just after the heating at 42°C

Refer to the explanations in Table 1.

water level

O e~

1.8cm

Table 3 The effects on the movement and

L, #0#25°C KR TEZELEEIT 2 &, 30534 multiplication of promastigotes
; A . ’ when water levels were the
D505 ETORRTI 1 £721d 3ABEIKHE, 6043 same* after continuous heating
BIUVT05ORETIZ S BEWCZ, 8073# X190 at 42°C
ﬁ@ﬁ‘?ﬂ‘ﬂi 8 HHR R ZhZFNAEHMSTED S, Dave Hours kept at 42°C
B U 15HE $ CER L A 1 2 3 4
Ttﬁb“”o, 42°C, @—*1&&‘0039053‘& 'C’@{% 1 4+ +* — — — —
BTIXRBIFETE o7, 2 ++  ++ - - —
b) 1D S 4 Rl & TORERIR 3 . :
9053 & TOREBTI, RHEEFHES B2 4 F++ T+ - - -
f0T, [RERRE LD 4R CERL Z S
5= B3
T%ﬁ%ﬁ“z #3 ’5:1?710_ 7 44 Ti4 o+ n _
1RO FRR T2 CItEL T2 BB 5, 2 8 . . . . .
s & U 3 BRI RETIX 7 HEICIZE R 9 4++ F++ ++ 4+ —
Bgahiz, AFHORETIE2CIIRL THERE 10 - . . .
LUz l4BRiE, B mEific BRN2E s % 1 ++ 4+ttt -
FTRBRTED Shsh ol 12 ++ A A+ et -
13 + ++  ++ ++ -

Thibb, R—AKIETREROSE % 238/
1IE® 2 DI 4 REORGERIBSDEEE X Sz,

c) #VIRLEE

ERIIGERTO5E, AEHHRET 20 oS Lz, 1H1E, 18ELD 4689z
TRBEOEHPKRETE20T, BH—ERHE oOFE%, 18X0 3O/ME EEL TTY, #
BOELTHREL, 1HEOFEERE2EHETESE OBROFEROE X L IEERELBIEL, £4 %25

4 ++  ++ A -
* Refer to the explanations in Tables 1 and 2.
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. Table 4 The effects on the movements and multiplication of promastigotes after they were
kept at 42°C for 1 to 4 hr on consecutive days when the water levels were the same*

No** 1 2 3 4 5 6 7

8 9 10 11 12 13 14

Hours kept at 42°C

Day* 0 0 1 1 1 2 2
1 ++*++ - |1 1 12
2 + ++ - - |1 - -
3 ++ ++ - - - - -
i T
5 4+ + + - - = =
6 .
7T+ + ++ - - - =
8 ++ + + - - - =
9 + ++ ++ - - - =
0+ + 4+ + - - =
nm+ ++ + + - - 4+
2+ + ++ + - = =
13 . . .
u+ + + + - - -
5 + ++ + + - - -
¥ + + + + - - =

3 4 4
3 - |4
3

L -

- 44+- - -

* Refer to the explanations in Table 1 or 2.
* % The assigned number of the test tube, as reforred to in the text.

770

1 8 1BEORE% 1 BT 7% 4 OFBRESE
2 CUTHEZELKILT) 37T}, 25°CIKRELT4
HELY, 182 BROFEETIE GH&E4) T
1325°CICRRLT 9 BE & EHHED S izds,
1R 3 ARG GR&S5) TIREEL -14EES)
HrEOERIRAD SN L o7z, 2 &
£6LD8) Tid, 2HMRELEET7D25°C
WKRLTI0HB AR 1 BIEE S Liohs, i
BREHOBZ IO SNEholz, 230, 3
B3 2 BB FE&HFL0) 2, 25°CRELT7HE
X0 &EBOERIBEIN, 18 4 RERER
(FHE12L V14 TiZ, BIEERULFEHIZED
shdrotz,

REVTEHEI N FEHY, 42°CBH%%
FoTwl0h, RMMEEAEDKELICHT
V372 N N N3 RHE R SERE NEEH342°C 1R
BEhTHudoldil, FOWSMFELT
W RHEBEERY, BEEL T& 0> %R
27D, FRETEREKDEEAOCTERE
L7ze £ 4 D25°C IR L TI5HBDOHEZL10DEE

N D BAKAIERICIER/NAE AFREL, B
FBLU, B 3REH 1 B & L 3E5HE 2 BHAE
PENTN2ERTOORE/NATITo 7008, BHR
BB X 25 LRI, 25°C IR L7 £ D15
BB IhE» o7,

Tbb, BE—AAETIE 1 RRELE 3 B
DIRLULRET 22, 4 BERKERE R 1 BT,
FRiZEFEN LB E 2Ra ko, ML
W2 B TCORBCIIFEHIEST 2 Z L 3H 55,
42°C IIEHFETI e o 72,

3) 42°C, BKALEIZ X B{RE

a) 1BFHI& D 8 B TORKGERE

#£2, 3BIPLTRLIZED I, 42°C, [A—
AKALETD SR TORBRTI, 25°C TR T &
BURRIIEBEERVRELZY, WHET5 e
Hot, FI T, {ERNEOKE LICH Ty 258
OFE®, RBRENELTORBRT 2012, &
AAEEAVTRRL, 20BDOFHROE) = i
R BELRS 28/

1EEORE T, 25°CWRLT 4 ¥7213508
HicARyTED Shizds, 2 RFHLLEORESRE
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Table 5 The effects on the movement and multiplication of promas-
tigotes of continuous heating at 42°C in the deep water*

Hours kept at 42°C

+  ++ + ++ -
+  ++ -
9 . .
10 ++ ++ ++ ++ —
11+ ++ ++ ++ -
12 ++ ++ ++ ++ -
13 +  ++ ++ ++ -
14 . . .
15 ++ ++ ++ ++ -

* The level of water in the water bath was 0.7 mm
above the top of the solid slant of NNN medium and
also 2.5 cm above the surface of the liquid of the

medium.

-+

Tid, 25°C KRLU T HEEL 215BMIciE, BR
BB & 2R BRI S hizd oz,
Thbb, E—KEED 4 BEOMKEFRRICL
~RC, L VEV 2EHOREET, RRIZZF0E) %
2% < b15AMELEL 72,

b) & ELAER
F—AAEET, 1HEY 3AME THRVELE
B2 RI4OFEZ3XD5) &, HTLY 4
IO & 5 2 RIFEOFRES L < £ bRICERS
BohizDT, BAETHRMEZEMELT1E
203751203 TORBE 1HL Y 3BME T
BOIRL, ZOHROFHEOBE &L RG> EE
L, &6 %87,

20/ MRIBRE (RE3 LV 5) LAMRER R
£Z6L08) T FEKTY¥HZLIE2EHED
SERDBTD SNz, 60738 X UB05 X FRIERHE]

Refer to the explanations in Tables 1 and 2.
Each group was examined in duplicates, a and b, but
the results were same in each case.

i

water level~

RT3 L, BIEEHOREBEEINAD S
H#%, 2BE&Y 9 BE BN T &7, 100488
BT, 1HHRE FEB15) Tk 7 BEL%EHR
PRI, 2H GFE6) 2338 &
B17) LRVEBEURETSE255°CIRELTY, #
DHUBIZBI X 2R TEREZFED Shadr Tz,
12088 TIX, 1 BOMRE G&18) T, FHh
X ZDHIAEMIZBIE BRE B H o7,

TEIDEHELBFER L 7200 L 5 HFARD 12012,
FBRRTROBEE/NR F&EL6LD20) »5F
HEEAZHBER, 5EH % Hn NN N
BL, X5ICE%ERD 5, 10042 BEEGR
£16) CRESETHE (BEMABR Mkest
ROBESTREI NS, 1005 3 BEEGEEZLD
B X U1205M%58 EFI8L 020) TI3, FEE
14HE (B8318H) ¥TcH&hRi@Egahndro
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Table 6 The effects on the movement and multiplication of promastigotes of keeping them at
42°C for 20 to 120 min on consecutive days in the deep water*

No* 1 2 3 4 5 6 7 8 9 10

1 12 13 14 15 16 17 18 19 20

Day* Minutes kept at 42°C

0 0 0 2 2 2 4 4 4 6 6 6 80 8 8 100 100 00 120 120 12
1+ ++ + o 2 + o 4« - o 6 - o 8 - |00 100 - |20 12
2 4 4+ 4+ o+ |+ + o+ - o - - o o~ - Jw - - |
3 ++ + + ++ _++_+ + T_‘F - ~ - - - - - - - - -
4 +++ ++ ++ ++ <+ + ++ + ++ - - - - - - - - = - -
5

6 . .

T+ +4+ L
8 ++ e
9 T L T T T
0 ++ T T T T T T T
U+ + 4+ 4+ o+t A+ o+ 4+ A+ - - o - o
12 . . . . .

T
U ++ e S
5 + + o+ 4 - T T T
16 ++ e L Tt T T T T
U+ 44 4+ = - - -
B4+ - - - -

% Refer to the explanations in Tables 1, 2, 4 and 5.

726

Thbb, BARETIZI009 3 B % 7213 20
AR T, FIEEL THEIE 2 RTRERIEIRD
SRz,

C ) RUGTIRIE & SrMERIR

1 BIOMGERERRIZ, P72 < b 2REIELE
rEZ s, M TRTICKRER AN E
TN, TibH42°C EBARMRE TORBROZER, —
EHFEEE/ N 25 C TR TEBR 2T, RT %
Bz, REREOATHIIRS BLU6DERELD,
2, 3BV AR, 42°C 1 EOHRES
1672 U7z, RESEARIRL 7-38% 3, 4, 9, 10,
158 X U16&, 1 Bf{RIE#155725°C KR LBV
1 AR L-RESBL U6, ARRCL T1H
25 CCRLIBBTBLUS, ZheDlt®
0 R SRR &R 3HFHE, B XU 4 RHHE
W LUEBR BT, MERER & WIRBOEER
ENR AN

EFHRAERESS 2 BTk, kTl X UR153MK
BT 5 CELTUHBRZNLEN 2 KT D

* % Refer to in the text.

Fol- 8BNS 1 KicEhrsgEsh: HE
4£6), LrL, B 1K C KR L7RAE 7
TiR11HBR, #ES T4 HRIAERIEES
Niz, 3RFREFEORAEI XY 1UTIE, BFENZ
By x 2iomkiz, UHEEEshih o7, &
A4 REREHRRL T, B 22 155MKEEE
ik, BROZEIE 2FORBIEIREIIZD -
708, 1BEEMHREL 15 CICRT Z & % 41H
BDEL-HE20C, 2EELVEHESBESN
720

Thbb, 42°C 1% 1 87 LTHRBLR
BE, 25°C CRL TH T 2RI 150N E
L{, HEEEo&E, IERULILEEE
zZohlz,

z %

KBV~ a v = 7ROBEIE, FC7 T
% V%, #1213 sodium stibogluconate % meg-
lumine antimoniate (Peters and Killick-Ken-
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Table 7 The effects on the movement and multiplication of promastigotes of discontinuous

heating at 42°C in the deep water*

Total hours at 42°C

0 2

3 4

kept at 25°C for
15mx1 1hx1**

conti-
nuous

conti-
nuous

kept at 25°C for kept at 25°C for
15mX2 1hXx2 15mXx3 1hXx3

conti-
nuous

No* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Day*
1 ++*  + - - - - - - - - - - - - - - = = = =
2 .
3 + ++ - - - — - - = - - - - - - — — - - -
4 ++ ++ - - - - - + - - - - - - - - - = - -
5 .
6 + +++ - - - - - + - - - - - - - - - - - -
7 + +++ - - - - - + = - - - - - — - = - - -
8 + + - - - - - ++ - - - - - - - - - - - -
9 .
10
1 ++ +++ - - - - + ++ - - - - - - - - - - -
12+ + - - - - + ++ - - - - - - - - - - - +
13
14 ++ ++ -+ - + ++ ++ - - - - - - - - - - - 4+

* Refer to the explanations in Tables 1, 2, 4 and 5.

* * Heating was performed for 1 hr at a time and interrupted by keeping samples at 25°C for 15 min or 1 hr between

each heating.

drick 1987) & ENE{fEbhTns, L,
7rFECENCIIENER DY, LB TRE
HOBDIEEENEEN TS, SEI, B
AEMHHIO KM &5, BEEEPEHIAET
E2EMEFIAL T, BREREY S DBEARIC
& BB ET OB OEREREERET LT,

BEY —y 2w =TEEARIES W B FEHIZI,
BREOWE (L. tropica complex) HHFHISN T
3 (KES, 1988), FadifEici, BNEE 0
B (wet type) THBICEEZ2ELC 2 L.
tropica major ¥, EHE E 7- 138 RE (dry
type) DEWEAIIEHCEBE2ET S L. tropica
minoy BH 5, EERCF T ERIZ, AERERIC K
BEREL, ZotRE ) MEEHEREL Ty
TR, B L RGPS YT T DT
VA FHRGER L D30 km BN 7- D EHIEE T
BB LHMBRRMGL D, L. tropica major &
EZZ T3, ERZEEIC I EFRRERS,
DNAZZ EBNETH B,

RIIDVEHZ7°CO LS RERICIZHEL,
42CR56°C D &S 2RI VBVREIZE S5 &

hb EERNSEENEIEL, BT CBRET
% L FHROWEOEHR S EN, RIRE HE
SNED 2 EORELTD HNI2DT, KEI
WHIT 2 XD, BDBIF) NEEICIIEREE 2
770 ERBIIHRINE T > 7, E=—nBiznnd:
BS CAEMEEIZ IR T 5 &, KEXERE44°C
PRz U TEHEET 2 0z & TE/»EET
HolDT, A\BBRTHB42CHEY L E L
720

JRHIZ, 400fFROFEMEE T T 5 HEFREL ¢,
WIS HFEIC b ERAVE) X 08 2 BHEST L
TRD ool &, FbrHEL, B
HBFENTH S Z & LIEF L EE—Tix e, —
R 22 GBI ILIRRE & v > TTREH R B E T & 2 <,
FR, BRI T1004337D 2 AR D B LIHEL
723 6 DEFZL6TIZ, 15HRIERMRE X HFD
sNEhol bbb, FEcELTT
HEZIZEHRIBRERINTZ,1005 3 ARHREL 72
£ 6 DRABIT, BLUI20MMEL -8 GIE18,
19, 20) X, BEFRATEIZ»D72 < B4R
FHONT, ZTOHEIFIEIIELTY, BB14H
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Mg x 2F O FRRBER SN L -7DT, IO
WARTREE LT, REEBREBEORRE, B
MEREO< 7 AF 2 IZBALB/cic B & &, K2
HEOHE, SOXEBL VLA ENN
N TiE#% L, Promastigote BURHDEFED
BELBEEITNILVERTH S, SHEIZEA
TR, ¥z, BWEROHED DI, KEY) —
VA = TIEREDEZ X DL - AHE R 7
¥ NN NSZ#h T U 5E, 9 BRI &
D Promastigote RFHRHSHEMH S 1, 2:8MH
o THFERBSBEINL L S FEIE, 20
B35 2 BUBELHEI THFERIIEEsNL
o888, B & UNNNIE#TREHERO:D
MRS 2356, LEMAIRE D ZHOFRHRLH
BRHRHEED, 2EEEE TTIIRRPE
HOREOBUL 2FH Tz, FL WS IAEZ
SOOI TH B Z L s, HHIEROEZ
3 2 AN BRCSEIXEE 2T Y10, BHY
REE A 2B Shis o eRHZFH L E X
720

BERCFEL T BFEHAIX, Promastigote &
Tid% { Amastigote Bl DT, [EikBEVERE
Y A EEERE, Amastigote BIFEHR AV
TIILENHZ, tbO3I7u77—YAD
Amastigote RIRHOWEREE, in vitro TR
Berman and Neva (1981) i, 37°C & D
35°C DA 2 fEBFEL, 39°C TiXiZiITmLRIC~
a7 y—YAoRENHEL I, FRHITS
7= WRBER®D L. donovani Ti&, 35°C TH3T
CTHIIZFLU{HWHEL, 39°C TH40%BA LTz
DHTHoTlee ZDESIZ L. tropica ® Amas-
tigote I TH, 39°C L 035°C D& > LHEW
R X DEWERE T L, Promastigote 8 &
EHF L EASTRD 5T 5,

Rl—AAE T, 42°C 3 EFHIORMEHRIE R 2 B
B0IRL7:%& 4 DRELT, 25°C B L TTHE
X ) BBOERDPEBI NI DX, BAEDOR
5, BLU6IRLA &I 2 R EOBKGER
BCERD, BEBZESRBFHETE I enb,
E—kAE T, HBRENESEREDAKE I
HiTva2z NN NESIOBEIERIE Tk, FEROKRE
M2’ CUTTH ol l- O DERHE L HE S iz,

2T, BROCREZE L TRBDONEZE
b, BERECHFHEIBHEL T 3 TREMlLH
D, FEBOBEL-BIELRLTVIY, £
MOWRRIIESHOEEE b &, LEHICEF
BT30ENDB LEL NI,
FADREI LD S5ITRLIEEI L, R—KiL
EC1RHET>EEREERVETE, 1RE
XD 2HRR L EHIBREINHED 2 ANENT
%7, 3HEOFEECRERZEMEEshY
»Hotz, LvL, #6DRABINIRLIZ LI,
AT 1 RE > SHEFRBL b b
S>TEHRBBREIN, R6DFEEISL1I6NS D,
1 BS540 £ TORB TR EREERITR €
BDZRIFST, £7:RTORER»S b 3K
DGRBS LEEEZ o,
BHICKEE AN EFVEROER (£7)
»5IE, 42°C, 1REEORREL 1B L Ltk
&, 25°CICRLTH T 3R/ 1BHTRET
¥, 150LINSEY L &2 ol EEBRTIZ42°C
OIERANE X DB U 78338/ NI, AGEAT
BHI225°C T THHEIL 7223, EEOEETIFR
KRTHRCERIZSHE T, -EHERLATEL
TR LICH L3528, 25°C LD EODTETFVE
Bl ii&EnRL 5, Lnrl, RBEHHT 26
RRIX155LINT, T 372 ERENR Y EHEE
&z,

FERARLVFRLTY, MEOERICTLD
M THREROBREIGET &5 CE#nEDLI 2,
FEFRE»—ERIC LSS, TORTOREIX
PO OWETT 2 0%, SIEBLERROKEZ
BUF 2> TR TRET L - EBR (R, 1975) T
X, EEE43°C L 043.3°CliRo7-0F, BEX2.5
mm Ti341.7°C, X 7.0 mm Ti339.8°C TH -
P2 BUFREATRI D SR DIREI331.6°C T, FEL2.5
mm Ti233.7°C, 7.0 mm Ti336.3°C Th o7z,
KROGHNEOEREIL, ERET38.0£040.9°C
(BT1& 5, 1986) Tt FOEHBOITC IV E
$, HEBOKEES L UETHEBORBIZ L >T
bR 208, EAlBEOABRIRE %243°C i ff
BLIZBED, FRBOBEEE U TRERKRE,
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THERAPY FOR CUTANEOUS LEISHMANIASIS

—THE EFFECT OF TEMPERATURE ON THE MOVEMENT AND
MULTIPLICATION OF LEISHMANIA PROMASTIGOTES
AS A BASIS FOR LOCAL HEAT THERAPY—

AYAKO YAGO
Received November 15 1989/Accepted February 1 1990

Leishmania was isolated from the skin of a Japanese man who had spent time in Saudi
Arabia, and the movement and multiplication of promastigotes in NNN medium was obser-
ved after heating. :

1) Promastigotes became immobile after 24 hr of heating at 56°C and 42°C, but they survived
at 37°C, 25°C and 7°C.

2) When the level of water in the water bath at 42°C and of liquid of NNN medium in test
tubes were the same, promastigotes lost their motility after continous heating for 4 hr and did
not regain it until the 14th day at 25°C.

3) When the level of the water in the water bath at 42°C was 0.7 mm above the top of a solid
slope of NNN medium in test tubes and 2.5 cm above the liquid surface(deeper water),
promastigotes lost their motility after continous heating for 3 hr and did not regain it until
the 14th day at 25°C.

4) Promastigotes lost their motility after heating 3 times for 1 hr at 42°C in the deeper water
with intervals of cooling for 15 min at 25°C.

5) In the case when water levels were the same, promastigotes sometimes multiplied again,
but this did not reoccur in the deeper water.

Department of Parasitology, Tokyo Women’s Medical College
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THE EFFECT OF A SINGLE LARGE DOSE OF
CHLOROQUINE ON THE INFECTIVITY OF
PLASMODIUM YOELII NIGERIENSIS TO
ANOPHELES STEPHENSI

Kazuyo ICHIMORI
Received December 12 1989/Accepted March 14 1990

Abstract: The mean number of oocysts per mosquito fed on mice 12 hr after
treatment with 100 mg chloroquine/kg was the same level as that in mosquitoes fed on
control (untreated) mice despite the fact that no gametocytes wére seen in an examina-
tion of 10,000 red blood cells in thin blood films. Though no gametocytes were seen,
calculations based on 95% confidence limits from the binomial distribution indicate the
possibility of up to 3 gametocytes in a sample of 10,000 red blood cells. This is equivaleut
to over 7,000 gametocytes per blood meal which would appear to be enough to saturate the
stomach wall with oocysts.

INTRODUCTION

Chloroquine resistant malaria is a major problem in many tropical countries. In areas
where resistant parasite strains have developed, high doses of chloroquine are often used to
treat patients; alternatively a different antimalarial drug may be used. Chloroquine kills the
asexual erythrocytic stages of malaria but has no effect on the infectivity of mature
gametocytes of P. faiciparum (Jeffery et al., 1956). Young developing gametocytes, however,
may be damaged by chloroquine (Smalley, 1977). In this study I investigated the effect of a
single large dose of chloroquine on the infectivity of chloroquine resistant P. yoeli malaria.

MATERIALS AND METHODS

A sample of the N67 strain of P.y. nigeriensis which had been stored in liquid nitrogen
was grown up in a TO (Theiler’s original) mouse. Blood from the donor mouse with 5 to 20%
parasitaemia was mixed with heparinized PBS to give 107 parasitized red cells in 0.2 m/.
This volume was inoculated intra-peritoneally into each of 8 experimental mice. The mice
were randomly assigned to 4 groups on day 3 after inoculation. The groups were inoculated
intra-venously with 100, 10, 1 or 0 (control) mg chloroquine/kg body weight. Twelve hours
after treatment mosquitoes were allowed to feed to repletion on these mice. Parasitaemia
and gametocytaemia at the time of treatment and feeding were counted by an examination
of 10,000 red blood cells in blood films from each mouse. The mice were killed immediately
after feeding and the haematocrit was measured. The mosquitoes used were from a labora-

Department of Medical Zoology, Teikyo University School of Medicine, Kaga 2-11-1, Itabashi,
Tokyo 173, Japan
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tory colony of the BEECH strain of Anopheles stephensi. They were infected when 2-5 days
old. On the day before feeding, 50 female mosquitoes were placed in a 300 m! paper cup
covered with a mesh screen. The glucose feeder which was usually kept on the top of the cups
was removed 6-12 hr before the feed. This made the mosquitoes hungry and also ensured that
the abdomen was clear of glucose -allowing complete engorgement to take place. The mice
were anaesthetized and placed on top of cups containing the mosquitoes, which fed readily
within 10 min.

After the blood meal, the mosquitoes were released into a 20 cm cube cage and only fully
fed females were removed into new paper cups. Mosquitoes were then maintained at 24+1°C.
Humidity was maintained with a humidifier or by covering the cages with damp lint. On day
7 after feeding, 20 mosquitoes from each cup were dissected in PBS and examined under a
microscope at low power (X100). Oocysts on both sides of the stomach wall were counted
by focusing up and down. In order to obtain a better representation of the results, William’s
geometric means of the oocyst numbers from each treatment group were calculated (William,
1937).

RESULTS AND DISCUSSION

The parasitaemia and gametocytaemia of the mice given the higher doses of chloroquine
decreased in the 12 hr after treatment, whereas they increased in the mice given the lowest
dose and the untreated mice (Figure 1). No gametocytes were observed in blood films from
the mice 12 hr after injection with 100 mg chloroquine/kg. However, oocysts were found in
the mosquitoes fed on these mice and the William’s mean number of oocysts was 327.8 which
was almost the same as that in mosquitoes fed on uhtreated, control, mice (287.4). The
maximum number of oocysts among the mosquitoes fed on mice 12 hr after 100 mg chloro-
quine/kg treatment was 651, which was enough to cover the whole stomach wall.

Obviously, it is necessary that there are gametocytes to produce oocysts. The apparent
contradiction between »the absence of gametocytes observed in blood films from mice on high
doses of chloroquine and the presence of oocysts in mosquitoes fed on them may be explained
by considering the sampling errors involved when only 10,000 red blood cells were counted in
each blood film. Although no gametocytes were seen, the 95% confidence limits from the
binomial distribution (Stevens, 1941) include the possibility of up to 3 gametocytes in a
sample of 10,000 red blood cells. This is equivalent to over 7,000 gametocytes per blood meal,
which would be enough to saturate the stomach wall with oocysts (Table 1).

Chloroquine has a schizontocidal effect, but there are some reports showing a
gametocytocidal effect as well. Immature gametocytes (stage I-III) of P. falciparum are
readily killed by chloroquine (Smalley, 1977) and the morphological effects of this drug at the
ultrastractural level on the gametocytes appear very similar to those on the asexual parasites
(Sinden, 1982). The infectivity of gametocytes of a chloroquine resistant line of P. berghei
to An. stephensi is enhanced by chloroquine (Ramkaran and Peters, 1969). Recent results of
experiments by Ichimori (1990) used P.y. nigeriensis N67 strain suggested that the enhance-
ment of infectivity is a response to chloroquine stimulation shown only by certain of the
genotypes within the heterogeneous strain. Treatment with chloroquine may eliminate many
gametocytes of poor fitness and low infectivity thereby leaving a reduced number of very
infective gametocytes in the blood.
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Figure 1 (a) Changes in parasitaemia and gametocytaemia in four groups on

mice treated with different amounts of chloroquine; (b) the number
of oocysts following feeding mosquitoes on day 3.5 (12 hr after
chloroquine treatment).
Each point represents the average parasitaemia or gametocytaemia
in the 2 mice in each treatment group. Each bar represents the
William’s mean oocyst number of 40 mosquitoes fed on 2 mice in
each group.

Table 1 Calculation of the possible number of gametocytes taken up by each mosquito and
relation of this to number of oocyst produced
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cQ A B C D E F

doses  no. of haematocrit- no. of RBC/ul/ no. of RBC/ no. of gametocytes/ William’s

mg/  gametocytes/ (%) blood meal blood meal  blood meal mean

kg 10‘RBC (Bx107/0.51) (Cx3.3}) (AXD) number of
(95% confidence (95% confidence oocysts
limit*) limit)

cont. 11 (6.17-18.21) 41.5 83x10° 273.9%10° 30,129 (16,899-49,877) 287.4

1 14 (8.46-21.89) 41 82x10° 270.6X10° 37,884 (22,893-59,234) 371.4

10 4 (1.37-9.15) 36.5 73 %108 240.9X10° 9,636 (3,300-22,042) 110.2

100 0 (0-3.00) 37 74 X10° 244.2 X 10° 0 (0-7,326) 327.8

% : from bi-nominal distribution
t : normal mouse RBCs=10"/x], normal mouse haematocrit=50%
1 : mosquito blood meal size=3.3 ul (average of 54 females)
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Whatever the exact interpretation of the high oocyst production even when the
gametocytaemia had been reduced to an undetactable level, if the present results can be
extrapolated to human malaria, they suggest that chemotherapy with a single large dose of
chloroquine would not reduce malaria transmission.
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SCHISTOSOME INFECTIONS AMONG JAPANESE DURING
LONG STAYS IN ENDEMIC AREAS -EVALUATION
OF SEROLOGICAL DIAGNOSIS, EOSINOPHILIA
AND TREATMENT WITH PRAZIQUANTEL

HiroSHI OHARA!, HAJIME MATSUDA?, KOICHIRO FUJITA?,
HIROSHI NARUTO* AND HIROSHI TANAKA®
Received December 21 1989/Accepted March 23 1990

Abstract: Serological diagnosis using micro-ELISA was conducted for 152 Japanese
who stayed for a long period in areas where schistosomiasis was endemic, and 7 cases were
detected. Including these 7 cases, 9 cases were determined as schistosomiasis (3 of
schistosomiasis mansoni, 2 of schistosomiasis haematobia and 4 of schistosomiasis
mansoni or haematobia) and all of them were treated (7 with praziquantel, 1 with
metrifonate and 1 with niridazole). By the observation of antibody titers of the cases after
treatment confirmed that the antibody gradually declined and that all the cases examined
became negative by 20 months after treatment. In 152 subjects examined, there were 24
cases with eosinophilia. Out of 24, 7 were cases of schistosomiasis. Among these 7 cases,
2 had noticeable eosinophilia at more than 309 of total leukocyte count. After treatment,
the eosinophil count decreased and was normalized earlier than serum antibody titer.
After people have stayed in endemic area for a long period, examinations for schistosome
is necessary. For early diagnosis, the serological diagnosis using micro-ELISA is effective,
and treatment with praziquantel at an early stage is recommended. It was suggested that
results of micro-ELISA and eosinophil count were healpful in evaluating therapeutic
effect.

INTRODUCTION

Schistosomiasis is widely distributed and prevalent in tropical and subtropical areas,
where control of the disease has become a serious health problem for inhabitants (W.H.O.,
1985; Chickwen and Alaka, 1987). With recent expansion of the role played by Japanese
international cooperation, more Japanese tend to stay abroad, and in parallel with the
increased number of overseas travellers and stayers, the risk of acquiring diseases is increas-
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ing in those areas. Schistosomiasis is one of the important diseases as a subject of health
management of people staying in endemic areas, and some Japanese cases of schistosomiasis
mansoni infected in Africa have been reported so far (Namba et al., 1979; Hayashi et al,
1980).

Althogh the most reliable way to diagnose schistosomiasis is to detect eggs in stool or
urine, this is difficult in many cases because of light infections. Recently, serological
diagnosis has been tried (Buck et al., 1964; Yokogawa et al., 1967; Warren et al., 1973; Wilson
et al., 1977), and especially enzyme-linked immunosorbent assay (ELISA) is expected to be
a useful tool for early diagnosis (Hillyer and Rios, 1979; McLaren and Lillywhite, 1981,
Matsuda et al., 1982).

Serological diagnosis using micro-ELISA was conducted in Japanese who had been
living in endemic areas and possibly exposed to schistosomiasis infection. Nine cases of
schistosomiasis which were infected during their stays in East Africa were experienced
including these serologically diagnosed. Treatment was undertaken in all the 9 cases, and the
subsequent changes in antibody titers were followed up. The present paper deals with the
studies in serological diagnosis, treatment with praziquantel and follow-up study after
treatment.

MATERIALS AND METHODS

Subjects of survey: The subjects of the present survey were Japanese who had stayed for
a long period in East Africa, West Africa, Southeast Asia, and Central and South Americas,
who were suspected to have chances of acquiring schistosomiasis. The duration of their stay
was 1-3 years and the present survey was conducted in 2 years from April 1985 to March 1987
followed by follow-up study thereafter. The subjects were people who returned to Japan and
those who had been diagnosed as schistosomiasis at local hospitals.

Method of examinations: The number of subjects was 152 who were examined for the
serological examination as well as stool, urine, blood and liver function tests upon their
arrival at Japan. In the serological examination, the micro-ELISA was employed, and in the
positive cases, circumoval precipitin test (COPT) was also performed. The methods of
micro-ELISA (Matsuda et al., 1984b) and COPT (Tanaka, et al., 1975; Matsuda et al., 1977)
are followed to the previous descriptions. For micro-ELISA used, the antigens were the
extracts of Schistosoma japonicum and Schistosoma mansoni eggs, and ABTS, 2-2'-azino-di-
(3-ethylbenzthiazoline sulfonic acid) was used as substrate of peroxidase. When an absor-
bance (optical density, OD) exceeded 0.2, the case was determined to be positive. The
positive degree of COPT are classified into type 1-3 (Matsuda et al., 1977). Stool examina-
tions were performed by a combination of the following 3 methods; formalin-ether sedimenta-
tion method, zinc sulfate centrifugation-flotation method and Harada & Mori’s test-tube
cultivation method. And Heidenhain’s iron-hematoxylin staining was made for identifying
Rizopoda. The methods of these stool examinations are followed to the previous descriptions
(Yamaura ef al, 1983). Those who showed positive serological reactions, were further
examined for stool using AMS-III method.

In addition to those 152 Japanese, 2 subjects who were diagnosed as schistosomiasis and
treated at local hospitals, were also studied. Various examinations were also conducted to
those 2 cases as well as the above 152 subjects after returning to Japan.
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Treatment: Six of the 9 cases who were diagnosed as schistosomiasis were treated with
praziquantel (Biltricide®, Bayer), 1 with niridazole (Ambilhar®, Ciba-Geigy) and 1 with
metrifonate (Bilarcil®, Bayer). Praziquantel was administered at doses of 60 mg/kg divided
in 3 in 1 day, niridazole at 25 mg/kg daily divided in 3 doses for 7 days and metrifonate at
3 single doses of 7.5 mg/kg given 14 days apart.

Observation after treatment: Adverse reactions to anthelmintics were observed after
administration of these drugs. Blood examinations including eosinophil count, stool and urine
examinations were performed more than 1 month after treatment. The antibody titers could
be followed-up in 7 cases (5 of schistosomiasis mansoni and 2 of schistosomiasis haematobia)
out of the 9 treated. After treatment, the serum was collected from each case 1 to 4 times,
and changes in the antibody titers at time course were observed. Since sera were collected
from each subject before departure to the assigned areas and preserved, the change of
antibody titers was determined in comparisom with the preserved sera.

Eosinophil count and parasitic infection: Based upon the findings of the blood, stool and
urine examinations performed when 152 subjects returned to Japan, a survey of the relation-
ship between eosinophil count and parasitic infection was made. Cases with eosinophil count
exceeding 8.0% of total leukocytes were regarded as the eosinophilia.

RESULTS

Serological examinations: All 7 schistosomiasis cases out of the 152 subjects had returned
to Japan after stays in East Africa. There were no positive cases found among people who
stayed in other areas. Out of a total of 66 people returning from East Africa, 7 were positive
(10.6%). All 7 subjects positive for the micro-ELISA with S. mansoni egg antigen were
examined for COPT with S. mansoni eggs (Table 1). Besides those 7 subjects, there were 2
others who were diagnosed as schistosomiasis haematobia and treated during their stays in
East Africa. Results of their serological examinations conducted 15 and 16 months, respec-
tively, after treatment were negative.

Detection of schistosomiasis: The list of cases in which diagnosis was made as schis-

Table 1 Results of serological examination (micro-
ELISA) for schistosomiasis

Region No. tested Positive cases Positive
sojourned Sm' Sj* rate (%)
East Africa 66* 7 0 10.6.
West Africa 25 0 0 0
Southeast Asia 35 0 0 0
South America 26 0 0 0
Total 152 7 0 4.6

* Two cases which were diagnosed as schistosomiasis
haematobia during their stay in East Africa are not
included

Positive for Schistosoma mansoni egg antigen
Positive for Schistosoma japonicum egg antigen

=
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Table 2 Cases of schistosomiasis

Case Age Sex ::;:::3 Diagnosis* ei::liﬁitiz; ———Stoo;Egg:Jrine Eosi?;:;hilia "~ Treatment

1. 28 M Malawi s.h. Neg' - + - (2 metrifonate
2. 30 M Zambia s.m. + + — + (10) praziquantel
3. 27 M Zambia s.h. Negt - + - (5 niridazole

4, 26 M Malawi s.am. + + — + (30) praziquantel
5. 24 M Tanzania s.m. or sh. + - - + (23) praziquantel
‘6. 24 M Tanzania s.m. + + - + (32) praziquéntel
7. 29 M Tanzania s.m. or s.h. + - - + (8 praziquantel
8. 31 M Kenya s.m. or s.h. + - - + (18) praziquantel
9, 28 M Tanzania s.m. or s.h. + - - + (19 praziquantel

* s.m.: schistosomiasis mansoni s.h.: schistosomiasis haematobia
t negative when conducted 16 months after treatment
1 negative when conducted 15 months after treatment

tosomiasis is shown in Table 2. There were 3 cases of schistosomiasis mansoni, 2 cases of
schistosomiasis haematobia and 4 suspected cases (schistosomiasis mansoni or haematobia).
Of these 9 cases, eggs of schistosome were detected in stool in 3 cases (Cases 2, 4 and 6) and
in urine in' 2 (Cases 1 and 3). There were 4 cases (Cases 5, 7, 8 and 9) in whom eggs were
not detected, although all of them showed positive serological reactions and eosinophilia. In
6 of the cases of schistosomiasis (Cases 4, 5, 6, 7, 8 and 9), the presence of eggs was not
detected at examinations when they arrived at Japan. In these cases, schistosomiasis was
first suspected by serological examination.

Eggs were detected by the AMS-III method in 2 cases (Case 4 and 6) although they were
not by the routine method. In one case (Case 2) with S. mansoni, eggs were detected by
routine stool examination upon arrival at Japan. In 2 cases (Case 1 and 3) with schis-
tosomiasis haematobia, eggs were confirmed by urine examination at hospitals where they
stayed. Except in 1 case (Case 3) with Schistosoma haematobium, there were no subjective
symptoms, 2 cases (Cases 5 and 9) were showing slight anemia, and none of the cases had
abnormal hepatic functions, nor abnormal renal functions.

Personal histories of schistosomiasis cases: An outline of each case will be described
below.

Case 1: A 28-year-old man who had stayed in Malawi since August 1984, and had taught
science and mathematics at a junior high school. He went swimming several times in lakes.
In April 1985, the periodic physical examination performed at a local hospital detected eggs
of the S. haematobium in his urine (Photo. 1), and he was treated with metrifonate. He
showed no subjective symptoms. He returned to Japan 16 months after treatment. The
results of urine and serological examinations conducted on his return were both negative.

Case 2: A 30-year-old man. From August 1983 to August 1985, he stayed in Zambia
where he worked as a veterinarian. He often swam in a nearby river. During the physical
examination on his return to Japan, in August 1985, eggs of S. mansoni were detected in stool
by routine stool examination, and he was treated with praziquantel.

Case 3: A 27-year-old man. In August 1984 he went to Zambia as a technical instructor
for rice plantation. He lived in a farming village, and often entered paddy fields as his job.
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Beginning in November 1985, he complained of lumbago and hematuria and visited a nearby
hospital for examination. By the complete medical examination, there found eggs of S.
haematobium in his urine (Photo. 2). After treatment with niridazole, the symptoms
disappeared and eggs were no longer found in his urine by the subsequent examinations. The
result of the serological examination performed 15 months later on his return to Japan was
negative.

Case 4: A 26-year-old man. He stayed in Malawi as a technical instructor of navigation
since March 1985. He often went into Lake Malawi. In August 1986, a physical examination
made during his temporary return to Japan detected noticeable eosinophilia (30% of total
leukocyte count). The result of a serological test for schistosomiasis was positive (OD 0.666
by ELISA, COPT type 2). After he returned to his job in Malawi, a stool examination at a
hospital detected eggs of S. mansoni in stool by AMS-III method, and treatment was
immediately undertaken with praziquantel (September 1986). One month later, another
examination showed that the eosinophil count was normal and eggs were not detected.

Case 5 A 24-year-old man. From March 1984 to February 1986, he stayed in Tanzania
as a civil engineering instructor. The result of serological examination using eggs of S.
mansont as the antigen was positive (OD 0.245 by ELISA, COPT type 2), strongly suggesting
schistosomiasis mansoni infection. Eosinophilia (23%) was also noted although no eggs of
the parasites were detected. The case was treated with praziquantel in September 1986. The
result of a serological examination conducted 3 months later turned to negative.

Case 6: A 24-year-old man. In October 1983, he went to Tanzania as an instructor of
agricultural civil engineering. He lived in a farming village on the coast of Lake Victoria in
the northern part of the country, where he used water from Lake Victoria for his daily
bathing and laundry, and swam in the lake often. A periodical physical examination in July
1985 identified noticeable eosinophilia (32%). Although a parasitic infection was suspected,
no parasites were detected. He returned to Japan in October 1985. A physical examination
performed on his arrival detected eosinophilia, but there was no abnormality in the stool
examination. A serological test for schistosome showed a high titer (OD 1.067 by ELISA,
COPT type 2), and eggs of S. mansoni were detected by AMS-III in his stool. In October
1986, he was treated with praziquantel, and stool and urine examinations one month later did
not show eggs of the parasite. (Photos 3 and 4)

Case 7: A 29-year-old man, who had stayed in Tanzania since July 1983, and worked as
a veterinarian in a local livestock breeding farm. He occasionally walked into a river with
bare foot. In August 1986, he returned to Japan. The serological result using eggs of S.
mansoni as antigen showed a very high titer (OD 1.576 by ELISA, COPT type 3) on his
arrival at Japan, and infection with schistosome was strongly suspected. Eggs were not
detected although low grade eosinophilia was recognized. In October 1987, he was treated
with praziquantel.

Case 8: A 31-year-old man. From October 1985 to April 1987, he stayed in Kenya as a
technical adviser for rice cultivation. He often went into the paddy fields. In the physical
examination conducted when he returned to Japan, the serological result using eggs of S.
mansoni was positive (OD 0.745 by ELISA, COPT type 2) and infection with schistosome was
strongly suspected. Eosinophilia (18%) was recognized, although no eggs of the parasites
were detected. He was treated with praziquantel in October 1988.

Case 9: A 28-year-old man. Since July 1984, he had stayed in Tanzania in a farming
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village by the Lake Victoria where he worked as a technical instructor for rice planting. He
swam in the lake and went into the paddy fields with bare foot. A serological examination
was conducted when he temporarily returned to Japan in August 1986, and the result was
positive (OD 1.134 by ELISA, COPT type 2). Eosinophilia (19%) was found, but eggs were
not detected. He later resumed his work and returned to Japan again in October 1988. The
titer of a serological examination by ELISA on his arrival at Japan was still high (OD 1.040),
and infection with schistosome was strongly suspected. He was treated with praziquantel in
November 1989.

Adverse reaction of anthelmintics. Out of 7 cases of schistosomiasis mansoni treated with
praziquantel 4 (Cases 2, 4, 6, 7) complained of transient nausea and discomfort in the upper
abdomen, but all of them subsided without any treatment within 4-5 hours. In the cases
treated with meriforate (Case 1) and niridazole (Case. 3), reactions including headache,
cough, nausea, abdominal pain, poor appetite and lasitude in the former, and vomiting,
nausea, lower abdominal pain, diarrhea, and fever in the latter were observed. These
symptoms continued for several days and symptomatic treatments against adverse reactions
were required.

Progressive changes of serum antibody titer: The result of our study on the changes in
antibody titers following time course for 7 cases with schistosomiasis is shown in Fig. 1.
Antibody changes could be followed most closely in Case 6, in whom there was a gradual
decline in antibody titers after treatment. Although results of tests made 12 months after
treatment were positive, they were negative 19 months after treatment. In all cases of
schistosomiasis that could be tested (Cases 4, 5, 6, 7 and 8), there were gradual declines in
antibody titers after treatment, and in 3 of these cases (Cases 5, 6 and 7), antibody titers had
become negative by 20 months after treatment. In 2 cases (Cases 4 and 8) antibody titers
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Figure 1 Progressive changes of S. mansoni specific antibody titer to eggs in human cases
before and after treatment with praziquantel.
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were still positive, because only 7 and 8 months have passed, respectively, after treatment. In
these cases titers are decreasing and it is expected to become negative in the near future. Of
2 patients with schistosomiasis haematobia (Cases 1 and 3) the antibody titers 16 and 15
months after treatment were negative (OD 0.065, 0.071 by ELISA, respectively). And they
were also negative by the subsequent examinations. All the serum collected from those
persons before departure from Japan showed negative antibody titer against eggs of S.
mansoni and S. japonicum.

Eosinophil count and infection by parasites: Of the 9 cases of schistosomiasis, eosino-
philia was recognized in 7. Of these 7, there were 2 cases with noticeable eosinophilia at
higher than 30% of total leukocyte count. All the cases with S. mansoni showed eosinophilia,
and the two cases of schistosomiasis haematobia had normal eosinophil counts. All of the
cases of eosinophilia became normal after treatment of schistosomiasis (Fig. 2).

Of the total of 152 subjects there were 24 with eosinophilia in which 7 were cases of
schistosomiasis. In 18 subjects including the 7 above mentioned, there were infections with
parasites. This suggested a relationship between eosinophilia and infections with parasite.
There was, however, no infection with parasites in the remaining 6 subjects. The eosinophil
count of cases with eosinophilia were all in the normal range prior to their departure from
Japan (Table 3).

Discussion

A previous study employing micro-ELISA which uses S. japonicum crude antigen showed
that 171 out of 177 egg positives showed positive reactions (96.6%), while none of the non-
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Figure 2 Eosinophil ratio to the total leukocyte count. A com-
parison before and after treatment.



166

Table 3 Subjects of eosinophilia, relationship between eosino-
philia and parasitic infections

. : : Total
Subject  Eosinophil leukocyte Parasites

No. (%) count

1. 32 6,400 Schistosoma mansoni (Case 6)

2. 30 14,400 Schistosoma mansoni (Case 4)

3. 23 7,300 schistosome (Case 5)

4, 18 5,800 schistosome (Case 8)

5. 19 9,600 schistosome (Case 9)
Entamoeba histolytica
Trichuris trichiura

6. 10 6,700 Schistosoma mansoni (Case 2)

7. 3 6,000 schistosome (Case 7)

8 13 7,700 Giardia lamblia

9. 12 7,900 Giardia lamblia

10. 12 8,200 Ascaris lumbricoides

11, 11 6,900 Trichuris trichiura

12. 10 8,100 —

13, 10 7,400 —

14, 10 8,100 Trichuris trichiura
Entamoeba coli

15, 9 5,600 —

16, 9 5,600 Ancylostoma duodenale

17. 8 4,900 Giardia lamblia

18, 8 6,200 Giardia lamblia
Entamoeba coli

19, 8 6,900 —

20, 8 6,000 Entamoeba histolytica

21, 8 7,900 Tvichuris trichiura

22, 8 8,300 —

23. 8 9,400 —

24, 8 7,700 Giardia lamblia

infected control group was positive (Tanaka ef al., 1983). In a study testing humans and
rodents, the absorbance was less than 0.08 in 99% of the negative cases (Matsuda ef al.,
1984b). And it is known that in this method cross reaction between other helminthes was very
rare (Ogunba et al., 1982). Moreover, it was reported that ABTS was most sensitive, stable
and the best in visuality by its bluish-green colour among substances (Matsuda ef al., 1984b).
From the results of these studies, the reliability of serological examination by the micro-
ELISA is considered to be extremely high.

In the present survey, there were 4 subjects who showed positive with the micro-ELISA,
although eggs of the parasites were not detected. Of the above 4, 3 subjects (Cases 5, 7 and
8) are strongly suspected to be infected with S. mansoni or S. haematobium for the following
reasons; Decline in antibody titers after extermination of parasites; an increase in eosinophil
count followed by decline after treatment; and no findings endorsing infection with other
parasites. Another case (Case 9) is also suspected to be infected with schistosome although
this case was not yet examined serologically after treatment.
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Observation of changes in antibody titers after treatment revealed that those of cases of
schistosomiasis mansoni gradually declined after treatment, and that 20 months later, all re-
examined cases which could be observed showed negative. In cases of schistosomiasis
haematobia, it was supposed that they had become to be normal range, earlier than the case
of schistosomiasis mansoni, since the antibody titer against S. haematobium was measured by
eggs of S. mansoni in the present survey. However, it was noticed that for measuring
antibody titer against S. haematobium, the extent of difference of antigenicity between eggs
of S. haematobium and S. mansoni was not so remarkable as in other reports (Farag ef al,,
1979; Hirata ef al., 1986).

Investigation of changes in antibody titers in rabbits infected with S. japonicum showed
that titers declined gradually after treatment with praziquantel and it took 38 weeks until
reactions became negative with adult worm antigen while low antibody titers maintained
against egg antigen longer than 38 weeks (Matsuda ef al, 1984a). The present survey
showed the similar results. Further follow-up studies on antibody titers in our cases will be
important for evaluating real therapeutic effects.

There are many reports suggesting the efficacy of praziquantel against schistosomiasis
(Davis et al., 1979; Katz et al., 1979; Santos et al., 1979; Matsuda et al., 1983). In all the cases
in which stool examination, antibody examination by micro-ELISA and calculation of
eosinophil count could be performed after treatment with praziquantel, they were normal.
Therefore the treatment was regarded as successful, and the efficacy and safety of prazi-
quantel were reconfirmed.

In making a diagnosis of schistosomiasis, attention should be paid, besides the stool and
urine examination, the history of patient’s ways of living in the endemic area, his symptoms,
and eosinophil count (Arafa et al, 1985; Hagan et al., 1985). Especially for persons who
returned from endemic areas and show an eosinophil increase with unknown causes, an
examination for schistosomiasis is necessary. Since this disease progresses chronically, and
results in serious conditions such as liver cirrhosis, cystitis and obstructive uropathy, it is
important to find this disease as early as possible. However an attention should be paied to
the fact that it is often impossible to find and identify it through the routine methods.

For early diagnosis, serological diagnosis using micro-ELISA is extremely useful. It is
also recommended to administer praziquantel at an early stage to all cases with micro-
ELISA positives for schistosomiasis, even though eggs are not detected. It is suggested from
our cases that the results of micro-ELISA and eosinophil count are good parameters in
evaluating the therapeutic effect.
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Photo. 2

Photo. 4

Photo. 1 :
Photo. 2 An egg of S. haematobium in urine (Case 3) *
3

An egg of S. haematobium in urine (Case 1) *

Photo. 3 An egg of S. mansoni in stool (Case 6)
Photo. 4 COPT type 2 (Case 6)
* These photos were taken at a hospital in Malawi
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SEASONAL ABUNDANCE OF DENGUE VECTORS
IN RELATION TO RAINFALL AND PREVALENCE
OF BREEDING CONTAINERS IN FIJI, 1981
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Abstract: A larval monitoring of dengue vectors, Aedes aegypti and Ae. pseudoscutel-
laris, was carried out as regularly as possible in several cities of Viti Levu, the main land
of Fiji in 1981. Larval indices of both the two vector species were apparently precipitation
dependent, and it was due to abundant available breeding containers. Seasonal fluctuation
of those indices was more drastic in Ae. pseudoscutellaris than in Ae. aegypti. More
breeding containers were found in rural area than in urban area. Performance of regular
garbage collection service in urban area could reduce breeding containers for the species
effectively. The variety and the density of potential containers were different in rural and
urban areas. These differences were also found among industrial, commercial and residen-
tial blocks in a city, and were considered to affect species composition of the vectors.

INTRODUCTION

It has been reported by some workers that the abundance of Aedes aegypti is influenced
by rainfall (Gould et al., 1970; Chan, 1973, 1985; Mogi et al., 1988), and in Fiji Goettel et al.
(1980) also suggested the influence of rainfall from their results obtained by larval monitoring
in Suva, the capital of this country. It has been also indicated that Ae. aegypti is endophilic
and prefers to breed in artificial and rather large containers (Gould et al., 1980; Chan, 1973,
1985; Sunarto et al., 1979; Nelson et al., 1984; Knudsen, 1983). These characters of the species
show a good contrast with those of Ae. albopictus, another important vector of dengue/
dengue haemorrhagic fever especially in southeast Asian countries, and result in the
difference in incrimination of these species as vectors in those countries (Gould et al., 1970;
Chan, 1973, 1985; Sunarto et al., 1979).

In Fiji, as in many other countries, Ae. aegypti has been considered as the most in-
criminatory vector mosquito for dengue/dengue haemorrhagic fever (Reed et al., 1977; Self,
1979: Miles and Mataika, 1980). Furthermore, in place of Ae. albopictus in southeast Asian
countries, Ae. pseudoscutellaris, a local species, is also common in this country. This species
has been suspected to play the same role as Ae. albopictus of southeast Asian countries.

1 Department of Medical Entomology, Institute of Tropical Medicine, Nagasaki University,
Sakamoto-machi 12-4, Nagasaki 852, Japan

2 Vector Control Unit, Ministry of Health, Fiji Government, P.O. Box 30, Suva, Fiji
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However, in Fiji there had been few information from temporal monitoring in some limited
areas to evaluate the vector competence of the two species until 1980. Considering the above
situation of the country the first large scale ecological and systematic survey of the vectors
was conducted to clarify the status of infestation and roles of these species for the disease
from 1980 to 1981. We report here the seasonal abundance of the two vector species in
relation to rainfall, and the prevalence of potential and available breeding sources in several
areas with different environmental conditions.

STUDY AREAS AND METHODS

The data obtained by a monthly monitoring about the infestation of vectors through the
house to house inspection in urban and rural areas of Suva from October 1980 to September
1981, and those obtained in two areas of Lautoka were analyzed. In the inspection, the
number and type of potential and available breeding containers (available breeding con-
tainers=water holding containers among potential breeding containers) in and around more
than fifty premises were recorded in each area, and the presence of vector larvae and/or
pupae in the available breeding containers were examined. At least ten old larvae of the
vectors were sampled by pipetting from every containers. Larval samples were identified in
the laboratory, and the larval indices (container index (CI) =number of vector larvae and/
or pupae positive containers X 100/number of available containers inspected; premise index
(PI) =number of those positive premises X 100/number of premises inspected; and Breteau
index (BI) =number of those positive containers X100/number of premises inspected) were
calculated.

Suva is the biggest city and the capital of Fiji, where approximately 150 thousands people
were populated. It is located in the southeast side of Viti Levu, the main island of the country,
and 178° 26’E and 18° 08’S. On the other hand Lautoka is the second biggest city, where about
75 thousands people were populated. It is located in the western side of the same island as
Suva, and 177° 27E and 17° 37°S.

Monthly precipitation records during the investigation were collected from the Central
Meteorological Office for Suva, and from Nadi International Airport for Lautoka. The
airport was situated approximately 14 km south of Lautoka.

RESULTS

Seasonal change of larval indices of both Ae. aegypti and Ae. pseudoscutellaris were
illustrated in Table 1 and Fig. 1. It is clear that all larval indices of the two aedine vectors
were higher during rainy season (October-April) than those during dry season (May-Septem-
ber) irrespective of areas, and that the seasonal trends of the indices of both species well
corresponded to the trend of monthly precipitation in both areas. Comparing with two
districts, the indices except CI were higher in Suva than in Lautoka. Comparing with two
species, change of the infestation between two seasons was more drastic in Ae. pseudoscutel-
laris (Table 1 and Fig. 1).

To examine the relation between the prevalence of both of two vectors and precipitation
in detail, monthly Breteau index of two districts was plotted to monthly precipitation in
equivalent areas (Fig. 2). Linear relations were confirmed between them. Especially a close
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Table 1 Seasonal change of larval indices (container index, CI; premise index, PI; and
Breteau index, BI) of Aedes aegypti and Aedes pseudoscutellaris in Suva and

Lautoka, Fiji

Place Suva Lautoka
Species Ae. aegypti Ae. pseudoscutellaris Ae. aegypti Ae. pseudoscutellaris
Month\Indices  CI PI BI CI PI BI CI PI BI CI PI BI
Oct. ’80 M 50 105 45 75 122 — - - - - -
Nov. 31 40 85 36 70 103 43 48 89 15 17 23
Dec. 17 48 90 18 4 89 40 29 56 14 13 16
Jan. '81 20 39 81 16 46 74 58 28 70 26 35 50
Feb. 14 39 73 13 29 50 37 46 67 24 29 40
Mar, 15 31 71 8 15 38 32 33 30 25 24 29
Apr. 17 35 92 12 36 53 22 19 23 48 26 49
May 19 29 84 10 22 40 19 29 A 17 18 20
Jun. 28 27 68 8 20 26 20 24 40 2 5 4
Jul. 23 27 40 10 16 22 14 21 32 14 8
Aug. 17 29 49 7 12 47 22 26 45 19 21 20
Sep. 17 35 47 8 12 43 7 12 28 4 12 16
Average
Oct.-Apr. 21.1  40.3 8.3 21.1 45.0 75.6 38.7 33.8 55.8 25.3 24.0 345
May-Sep. 208 29.4 57.6 8.6 164 356 16.4 224 3%8 112 128 128
Allover 21.0  35.8 73.8 159 33.1 58.9 285 28.6 46.7 18.9 18.9 24.6
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Figure 1 Seasonal change of Breteau index of Ae. aegypti (open circle) and Ae.
pseudoscutellaris (closed circle), and monthly precipitation (histogram) in

Suva (upper) and in Lautoka (lower), Fiji.
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relation was found between the prevalence of Ae. pseudoscutellaris and precipitation. They
fit following equations (Y is Breteau index and X is precipitation in mm): for Ae. aegypti,
Y =0.082X +50.651 (r=0.743) in Suva

Y =0.058X +35.789 (r=0.481) in Lautoka,

and for Ae. pseudoscutellaris

Y =0.146X+17.571 (r=0.845) in Suva

Y =0.071X+11.263 (r=0.778) in Lautoka.

It was assumed that, if precipitation was more, the available breeding containers became
more. A clear linear relation was also confirmed between the average number of available
containers per premise (Y) and the monthly precipitation (X): Y=0.006X +1.610, r=0.852.

The number of available containers is not solely decided by precipitation. Artificial
factors such as life style of people and conditions of sanitation should be also causative to the
difference in density and diversity of breeding containers. The frequency distribution of six
representative containers per premise was investigated in urban area of Suva S (U), rural
area of Suva S (R), urban area of Lautoka L (U), and rural area of Lautoka L (R). It was
summarized in Fig. 3. Total number of available containers per premise was 6.3 in S (R), 3.9
inS (U),64inL (R), and 2.2 in L (U). An apparent difference was distinguished between
urban area and rural area. As to the diversity of available containers, rural areas were
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Figure 2 Relation between monthly precipitation and monthly Breteau index of Ae.
aegypti (upper) and Ae. pseudoscutellaris (lower) in Suva (closed circles and
solid lines) and Lautoka (open circles and broken lines), Fiji.
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characterized by higher percentage of small containers (tin cans, empty bottles, and iron
parts etc.) and drums. Little difference was found in the density of tire between two areas.

Difference in the density of available containers in the areas might cause the difference
in predominance and prevalence of the two target species reflecting their oviposition prefer-
ence. Table 2 shows the container index of the two species for six types of breeding
containers. Actual preference for breeding containers was apparently different in the two
species. As shown in Table 2, Ae. aegypti selectively bred into drums and tires, which were
big in size, and water was not just temporal. On the other hand, Ae. pseudoscutellaris rather
preferred to breed in small containers, but did not show strong preference for any particular
types of containers.

Generally an urbanized area is composed by a variety of blocks with different socio-
economic functions, such as the industrial block, residential block, commercial block, and s6
on. We examined the vector status in four functionally different blocks in Suva. Results were
summarized in Table 3 and Fig. 4. As shown in Table 3, annual average Breteau index for
Ae. aegypti was undoubtedly high in an industrial block located near a harbor. It was

t=6-3 t=3.9 t=6.4 t=2.2

CONTAINERS

F

0

N O

S (R) S (U) L (R)

Figure 3 Average number of six types of available breeding containers per premise in
rural area of Suva (S(R)), urban area of Suva (S(U)), rural area of
Lautoka (L(R)) and urban area of Lautoka (L (U)), Fiji. “t” shows a total
number of those containers per premise. Histograms are flower bases,
drums, tires, roof gutters, planters and other small containers such as tin
cans, empty bottles, sea shells and iron parts, etc. in order from the left in
each area. )

Table 2 Container index of Ae. aegypti and Ae. pseudoscutellaris for six types of breeding

containers
Containers Flower . Roof Other small
Drums Tires Planters e
Species bases gutters containers
Ae. aegypti 6.3 25.3 36.8 1.2 6.5 9.5
Ae. pseudoscutellaris 1.3 11.6 14.8 0.0 16.5 21.8

% Small containers include tin cans, empty bottles, sea shells and iron parts, etc.
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followed by a residential block ‘L’, which was composed of two apartments of five stories, and
the block was mainly occupied by residents with low income. A commercial block came to
the third. In a residential block of the high income ‘H’, where premises were separated each
other with a good marginal garden though almost all of them were rather older than the
apartments of ‘L’, the index was extremely low. On the other hand, the index for Ae.
pseudoscutellaris was nearly same in both of the residential blocks and the commercial block
irrespective of housing conditions. Only in the industrial block, Breteau index was apparently
low. The average number of six types of available breeding containers among four blocks
was shows in Fig. 4. It was found by Fig. 4 that the number of available tires plus drums,
which were most preferable breeding containers for Ae. aegypti, was evidently large in the
industrial block, and the order among four blocks was just the same as for Breteaux index
in Table 3. The number of containers other than tires and drums was not so different from
each other except the industrial area.

t =42 4 t=4.3 t=2.5 t=3.8

OF CONTAINERS

NO.

Industrial Commercial Residential Residential
btock block block (H) block (L)

Figure 4 Average number of six types of available breeding containers per premise in
industrial block, commercial block and two types of residential blocks in
Suva, Fiji. “t” shows a total number of those containers per premise.
Histograms are flower bases, drums, tires, roof gutters, planters and other
small containers such as tin cans, empty bottles, sea shells and iron parts,
etc. in order from the left in each area.

Table 3 Breteau index of Ae. aegypti and Ae. pseudoscutellaris in four town
blocks with different socio-economic functions in Suva, Fiji

Type of block  Industrial Commercial Residential  Residential
Species block block block (H) block (L)

Ae. aegypti 168 42 6 60
Ae. pseudoscutellaris 22 58 63 67
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DiIscuUsSION

The difference of average larval indices between rainy season and dry season in Table
1, and the positive regression between monthly total of precipitation and the monthly Breteau
index in Fig. 2 clearly indicated that the amount of precipitation affects the incidence and
abundance of Ae. aegypti and Ae. pseudoscutellaris in Fiji, as in the case of Ae. aegypti and/
or Ae. albopictus in southeast Asian countries reported by Gould et al.(1970), Chan (1973,
1985), and Mogi ef al. (1988). Severer infestation by the vectors in Suva, which is in ‘the rainy
side’ as called by local people, is reasonable because the annual amount of precipitation in
1981 in Suva (3,320 mm) was nearly twice that in surroundings of Lautoka (1,685 mm), which
is in ‘the dry side’. It was also confirmed that the number of available breeding containers
actually depends on the amount of precipitation.

But the number of available containers is not only decided by precipitation but also by
the artificial factors in communities reflecting the life style, condition of the sanitation, and
so on. Through this survey we could draw out the vector situation in rural and urban areas
in the country as such that the number of available containers, especially small containers
and drums, was prominently larger in rural area. The smaller number of containers in urban
area was due to the establishment of a regular garbage collection service twice a week. This
service greatly contributed to reduce the number of small containers such as tin cans, empty
bottles, iron parts, etc. Another feature in respect of breeding containers in rural area is
abundant drums, which were usual water storage tank in the country, owing to the lacking
of piping water supply system in the area. It was interesting that the frequency of tires was
similar irrespective of area. These differences in the density and the diversity of containers
should have caused the differences in predominance and prevalence of the two target species
in the areas, as their oviposition preference was different.

The container index for six types of breeding containers was different in the two species
as shown in Table 2. Ae. aegypti apparently preferred to breed into not small and not just
temporal containers such as drums and tires. On the other hand, the index for Ae. pseudos-
cutellaris was rather high for small containers, which were abundant in rural area. The closer
relation between Breteau index and the amount of precipitation in Ae. pseudoscutellaris
shown in Fig. 2, may be attributed to its oviposition preference. Similar difference was
observed between Ae. aegypti and Ae. albopictus by Sunarto (1979) in Indonesia.

The vector situation was different in several urban blocks with different socio~economic
functions but the same amount of precipitation. The high infestation of Ae. aegypti and the
high density of tires were ascertained in the industrial block.

Considering the nature of two vector species and the status of available breeding
containers in the country, improvement of the environmental sanitation such as regular
garbage collection and piped water supply, would be the most effective larval control
measures. Among a variety of breeding containers, tires are the most incriminatory to the
infestation of the vectors as they distribute to all types of area in the country with high
frequency. Any counter measures to this container especially in industrial areas should be
given the first priority in this country expecting effective control of Ae. aegypti.
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DEVELOPMENT OF MICROFILARIAE OF
TWO BOVINE ONCHOCERCA SPECIES IN
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Abstract: Injections of blackflies with two types of bovine Onchocerca microfilariae
{(so far regarded as different stages of O. gutturosa) obtained from engorged Simulium spp.
and umbilical skins of a slaughtered cattle in Oita, Japan, were carried out to determine
whether they can develop in blackflies to the third-stage larvae (L;). As a result, one type
of microfilariae (i.e., long, slender and with uncoiled tail) developed in S. arakawae to the
short L; (478 um long), while another type (short, thick and with a strongly coiled tail)
developed to the elongate L, (1,100-1,230 uxm long) in two other Simulium species.
Morphometric analysis of these L; shows that the former type microfilariae are likely to
include O. lienalis, whereas the latter represent an undescribed species, readily distinguish-
able from O. gutturosa and O. gibsoni so far reported from Japanese cattle.

INTRODUCTION

During the surveys on the causative agent for “Wahi” or “Kose”, a skin disease of cattle
in Japan, Niimi and Kono (1953) found two types of unsheathed microfilariae in the skins of
cattle—one with coiled tail and another, somewhat longer and thinner than the former and
with its tail not coiled. These microfilariae, designated as X and Y respectively, were
regarded as those of different developmental stages of the same species. Sato et al. (1954)
considered both types of microfilariae as those of Onchocerca gutturosa Neumann, 1910, when
they reported for the first time this bovine filaria from Japan based on the adult specimens.
No other Onchocerca species hag been found in Japanese cattle except for O. gibsoni (Cleland
et Johnston, 1910), adult worms of which were recorded from a cow in Tokyo (Itagaki, 1953).

Recently, three types of third-stage larvae (L;) belonging to Onchocerca were found in
blackflies collected at a cattle shed in Oita, southern Japan (Takaoka and Bain, 1990).
Among these, type I is probably a new species, while types II and III are each suspected as
the Ly of O. gutturosa and O. lienalis Stiles, 1908. Two types of unsheathed microfilariae,
which corresponded to those reported by Niimi and Kono (1953) as mentioned above, were
also recognized in the blood-fed female blackflies captured at the same cattle shed.

The present experiment was attempted to determine whether both types of microfilariae
would develop in blackflies and whether their L,, if developed, are related to three types of
L, already found in blackflies.

Division of Medical Zoology, Medical College of Oita, Hazama, Oita 879-56, Japan
This study was supported by a Grant-in-Aid for Scientific Research from the Ministry of Educa-
tion, Science and Culture of Japan (No. 01570216)
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MATERIALS AND METHODS

Experimental infections were performed by injecting blackflies with a single or two
microfilariae, following the method used by Reid (1979).

Two types of microfilariae examined were obtained by dissecting the stomach of freshly
blood-fed blackflies soon after being captured at a cattle shed in Shimo-Onozury, Oita City,
where about 18 Holstein cattle were bred. Unfed female blackflies collected at the same site
were inoculated with a single X or Y type viable microfilaria (Figs. 1, 3 and 4) in TC-199

Figure 1 X type microfilaria found in the stomach of newly-blood fed blackfly,
showing a strongly coiled tail (not stained). Scale, 50 gm.
Figure 2 X type microfilaria found in the umbilical skin of slaughtered cow (stained
with Giemsa). Scale, 20 um.
Figure 3 Y type microfilaria found in the stomach of newly-blood fed blackfly,
showing uncoiled tail (not stained). Scale, 50 xgm.
Figure 4 Y type microfilaria found in the stomach of newly-blood fed blackfly
. (stained with Giemsa). Scale, 50 gm.
Figure 5 Third-stage larva of an undescribed Onchocerca species recovered from S.
aokii injected with X type microfilaria derived from an engorged fly. Scale,
100 gm. , ‘
Figure 6 Third-stage larva (probably O. kenalis) recovered from S. arakawae inject-
 ed with Y type microfilaria derived from an engorged fly. Scale, 100 pm.
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medium and maintained individually with sucrose solution at ca. 25°C. Seven to nine days
after infection, all survived flies were dissected in saline and examined for filaria larvae.
Parous flies were excluded to avoid possible natural infections. Larvae recovered were
preserved in formalin-glycerol solution (Wharton, 1959) for morphometric observations.

In addition, X type microfilariae with coiled tail (Fig. 2) harvested from the umbilical
skins of a cow slaughtered at a local abattoir were injected to newly emerged female
blackflies (less than one day old).

RESULTS

Table 1 shows the results of experimental infections with microfilariae originated from
the engorged flies. Two of the 36 injected flies died before examination, and seven survivors
were parous females and thus excluded in this table. Among the 14 flies injected with X type
microfilariae, three flies were positive for second-stage larvae (L,) or L;. Two L, were each
found in the thorax of Simulium bidentatum (Shiraki), while one L; (Fig. 5) was recovered
from the head of S. aokii (Takahasi). On the other hand, of 13 flies injected with Y type
microfilariae, only one fly (S. arakawae Matsumura) had an L, (Fig. 6).

Table 2 reveals the results of infections of newly emerged S. bidentatum with dermal
microfilariae of X type. Seventeen of the 18 flies injected survived until the eighth day after
inoculation. Four of 17 flies dissected had L; in their thorax or abdomen. One fly harboured
an L, in the thorax.

The measurements of all these larvae found are shown in Table 3.

DISCUSSION

The present data show that both X type microfilariae obtained from the engorged flies
and the umbilical skins of a slaughtered cow could develop to the elongate L, as found in S.
aokii and S. bidentatum. These L, as well as three L, found in S. bidentatum, probably belong
to the same species, judging from the large body size and relative short oesophagus (less than

Table 1 Results of thoracic inoculations of blackflies with a single X or Y type
microfilaria recovered from the stomach of blood-fed blackflies caught in
cattle shed

Type Blackflies No. flies No. flies Stage*
of Mf. Donor Recipient dissected infected of larva
X S. arakawae S. bidentatum 3 1 L.
Y S. bidentatum S. aokii 3 1 L,

) S. bidentatum S. arakawae 1 0
] S. bidentatum S. bidentatum 7 1 L,
Y S. aokii S. arakawae 3 0
N S. aokii S. bidentatum 1 0
n S. arakawae S. aokii 1 0
] S. arakawae S. arakawae 1 0
11 S. bidentatum S. aokii 4 0
) S. bidentatum S. arakawae 3 1 L,

* L,, second stage; Ls, third stage
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Table 2 Results of thoracic inoculations of Simulium
bidentatum with type X microfilariae obtained from
the umbilical skin of a slaughtered cattle

No. Mf. No. flies No. flies No. & stage*
inoculated dissected infected of larvae
1 9 2 1L,, 1L,
2 8 3 1L,, 2L, 2L,

* L,, second stage; L;, third stage

Table 3 Measurements of Onchocerca larvae recovered from Simulium spp. dissected 7-9
days after injection of microfilariae

Landmarks* Larval

Source & type of M. 5/ EW  NR OE  (GL) OB/BL TL TW/TL stagel ° “im
Fly’s stomach, X 1,216 25.8 76 517 (407) 0.43 41.8 2.2 Ls S. aokii

Vi Vi 646  30.0 — 304 (=) 0.47 38.0 1.7 L, S. bidentatum

n Vi 776 27.0 — 342 (—) 0.44 38.0 1.7 L, Vi

n Y 478 18.8 53 304 (205) 0.64 30.1 2.0 L, S. arakawae
Cow’s skin, X 1,102 25.8 — 517 (384) 0.47 — - L, S. bidentatum

n n o 1,172 26.6 - 580 (410)  0.49 — - Ls Y/

N n 1,231  26.2 — 600 (403) 0.49 41.8 2.1 L. n

n » 1,193  26.6 81 562 (433) 0.47 40.0 2.2 Ls n

n »o 1,140 26.6 91 502 (365) 0.4 41.8 1.9 L, n

” 1,193 26.2 84 494  (357) 0.41 - — Ls ”

n n 532 28.5 - 209 (114) 0.39 — - L. Vi

* BL: total body length; BW: maximum body width; NR: distance from head tip to nerve ring; OE: length of
oesophagus; GL: length of glandular part of cesophagus; OE/BL: ratio of length of oesophagus/total body length;
TL: tail length; TW/TL: ratio of tail width/tail length.

t L., second stage; L, third stage.

1/2 of the whole body length). These large L, conform well to those of type I Onchocerca
which were reported from blackflies maintained alive for 6-9 days after collgctions at the
same cowshed by Takaoka and Bain (1990). On the other hand, Y type microfilariae, though
only in one case, developed to the short L; in S. arakawae. The measurement of this larva
agrees with that of L; of type IIl Onchocerca found in S. arakawae which was suspected as O.
lienalis (Takaoka and Bain, 1990).

In this experiment, no L; of O. gibsoni or O. gutturosa were attained. Biting midges are
known as the vector of the former bovine filaria (Buckley, 1938; Ottley and Moorhouse, 1980)
and of the latter (Bain, 1979; El Sinnary and Hussein, 1980; Davies ef al, 1989). Further,
there were no reliable references reporting blackflies as the vector of these filariae, although
several investigators (eg., Mwaiko, 1981) claimed so for O. gutturosa. The present data are
not enough to conclude that microfilariae of O. gibsoni or O. gutturosa were present in the
materials used but could not develop to L; in blackflies. Instead, it is considered that most
of the Y type microfilariae examined were O. lienalis and a few, if present, were O. gibson:
or O. gutturosa, because an acid phosphatase activity pattern of Y type microfilariae observed
(unpublished data) is consistent to that of O. lienalis, as reported by Trees et al. (1987).
Further experiments are needed to determine the susceptibility of blackflies to O. gutturosa
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and O. gibsoni, using identified dermal microfilariae of cattle, since L; of type II Onchocerca,
indistinguishable from the former filaria, were already recovered from S. bidentatum
(Takaoka and Bain, 1990).

In conclusion, X type microfilariae with coiled tail represent a hitherto undescribed
species, distinct from O. gutturosa and O. gibsoni, while Y type microfilariae are likely to
include O. lienalis. The present results indicate that there are at least four Onchocerca species
in Japanese cattle (i.e., O. gibsoni, O. gutturosa, probably O. lienalis and an unnamed species).
Two blackfly species, S. arakawae and S. kyushuense Takaoka, are naturally infected with L,
indistinguishable from O. lienalis in Oita and Kumamoto, respectively. On the other hand, S.
bidentatum serves as the natural vector of the fourth unnamed Onchocerca in both areas
(unpublished data). More detailed data of seasonal transmission of these bovine Onchocerca
spp. will be published in separate papers.
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Abstract: Investigation and treatment were performed on the cases with guinea
worm disease (dracontiasis) in Abakariki district of Anambra State, Nigeria. In the
classification of 63 patients under study by their professions, 76% were agricultural
workers, 19% school boys and girls, and average age of the patients was 21 years old. For
the treatment, albendazole was given to the patients, and the course up to the complete
excretion of worm body was carefully observed. Whole worm body was excreted within
5 days in average, and the ulcerated region of the skin was healed thereafter. Bacterial
colonies counts were examined on the drinking water by dividing water sources into five
groups of ponds, shallow wells, deep wells, rivers and tap water. The results of the test
revealed that the water in ponds, shallow wells and rivers was heavily contaminated and
cyclops, the intermediary host of Dracunculus medinesis, was found in large quantity,
suggesting frequent and easy infection of the disease. In elementary schools, many pupils
(59.6% of all) were absent due to guinea worm disease, and this suggests that the disease
exerts extensive social and economical influence such as the decrease of school attendance
ratio or the decline of agricultural production. This disease is related with the hygienic
standards of drinking water, and the prevention of the disease is extremely important.
The construction of deep wells is urgently wanted, while it is also essential to provide good
knowledge of hygiene to the inhabitants through education.

INTRODUCTION

Guinea worm disease is a parasitic diseases which is caused by infection of Dracunculus
medinensis, and this disease is widely distributed on much of the Guinea coast of West Africa
(Muller, 1971; Raffier, 1966; Onabamiro, 1952). Above all, Anambra State in eastern part of
Nigeria is the heaviest endemic area (Nwosu et al., 1982), and the majority of the inhabitants
is infected in some districts. The disease exerts tremendous influence not only on health and
hygiene but also on social and economical status of the country, and the preventive measures
against this disease are very important. The source of infection is the drinking water
containing cyclops (Thermocyclops nigerianus and/or Mesocyclops leuckarti) which have the

1 Department of International Cooperation, National Medical Center, 1-21-1, Toyama,
Shinjuku-ku, Tokyo, 162 Japan

2 Department of Medical Zoology, Faculty of Medicine, Tokyo Medical and Dental University,
1-5-45, Yushima, Bunkyo-ku, Tokyo, 113 Japan
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infected larvae of Dracunculus medinensis (Onabamiro, 1952). For the prevention of the
disease the supply of clean drinking water is considered as most essential (Brian, 1984).

Investigation was performed on the actual conditions of the guinea worm disease and the
drinking water in this area, and conducted the treatment of the patients using albendazole.
Further, the effective measure for the prevention of the disease was considered. The present
paper deals with these results.

MATERIALS AND METHODS

The investigations were performed for 28 days from early May, 1988 in agricultural area
around Abakariki district of Anambra State in the eastern part of Nigeria. The investigation
consisted of the following three items.

1. Examination and lreatment of the patients at the treatment center in the endemic
area: Sixty-three new patients with the disease were examined and treated. For the
treatment, 400 mg of albendazole (Zentel®, Smith-Kline French) was given orally to most of
the patients. The end of worm body was fastened with thread and slowly pulled out. The
course from the administration of the drug to the complete excretion of worm body was
carefully observed.

2. Bacterial colonies counts of the drinking water and counting of cyclops contained in
water: These examinations were performed for 5 types of water: water in ponds (at 7 points),
shallow wells (6), deep wells (5), river water (2) and tap water (4). Numbers of total bacterial
colony and coliform group counts were measured by using URICULT set (Daiichi Kagaku
Co.). Number of cyclops contained in 2 liters of water was measured. The method to count
cyclops has been described in previous papers (Onabamiro, 1950; Onabamiro, 1954).

3. Survey on the reasons of absence in elementary schools: The ratio of the absent
pupils due to guinea worm disease was investigated in 2 elementary schools (total number of
pupils: 431). The survey was conducted on the materials kept in file at these schools on the
absent pupils during the period from January to December, 1987.

RESULTS

1. Examination and treatment of the patients at the treatment center in the endemic
area: The patients complained of severe pain, and ulceration was seen on and around the site,
from where worm body emerged. In most of the cases, the ulcerated lesions were affected by
the secondary infection with bacteria, or the patients were incapacitated. After the drug was
given, the pain was alleviated. Worm body was excreted completely after 5 days in average,
and the skin lesion was healed. The age of 95% of the patients ranged from 5 to 40 years (21
years in average). In the classification by professions, 76% were agricultural workers, 19%
school boys and girls and 5% others. The details of some of the cases are described below.

Case 1: 15-year-old junior high school boy. The patient lived in a village and has been
drinking the water of a pond nearby. From May 4, 1988, a part of the skin on left dorsal
region of foot was ulcerated, and worm body began to emerge. Similar symptom was seen
two years ago, and the patient had undergone treatment. On May 9, the patient was
examined at the treatment center and was diagnosed as guinea worm disease. Eosinophilia
of mild degree (13%; WBC 8,300/mm?®) was noted. The ulcerated lesion was suppurated by



191

the secondary infection, and the patient complained of severe pain and suffered from
dysbasia. 400 mg of albendazole was given, and the end of the worm was fastened with thread
and slowly pulled out (Photo. 1). At the same time, antibiotic ointment was applied on the
ulcerated lesion. After the onset of the treatment, pain was alleviated, and worm body was
completely excreted until May 14. Thereafter, the ulcerated lesion began to heal.

Case 2: 18-year-old male farmer. The patient has been habitually drinking water of
shallow well, however he was also drinking water of the ponds during his work on farm.
From May 12, 1988, worm body began to appear from his left upper thigh. The patient wound
up the worm body daily little by little by himself, and 22 cm of worm body came out after 10
days. He had suffered from guinea worm disease by 10 times in the past. On May 22, the
patient was examined at the treatment center and was diagnosed as guinea worm disease
(Photo. 2). 400 mg of albendazole was given. Eosinophilia (24%; WBC 7,700/mm?®) and mild
degree of anemia (Hb 8.9 mg/d/; RBC 310X 10*/mm®) were recognized. The pain was
relatively mild. The worm body was completely excreted two days after the administration
of albendazole.

2. Bacterial colonies counts Table 1 Results of bacterial colonies counts on various
of the drinking water and count- water sources
ing of cyclops contained in water: Temp- Total*  Coliform*

. . . Source pH .
Contamination of water in deep erature colonies  group
wells and tap water was very lit- (1) 32 5.6 100** 80
tle. Whereas the water in ponds, (2) 36 6.2 100** 40
shallow wells and river was (3) 33 5.8 100** 120
contaminated more in this order, Pond 4) 32 5.7 100** 110
. o (5) 3 5.6 100** 110

and the water quality criteria of (6) 34 58 100%* 100
WHO were not met for the items. ) 33 5.9 100** 80
In all of the ponds and. one-half of m 29 = 6 T00% m
the shallow wells, innumerable @) 28 6.6 100** 150
bacterial colonies were found Shallow (3) 28 6.4 100** 30
(Table 1). The number of cyclops well (4) 27 6.4 100 20
in 2 liters of water was 0 in both (5) 28 6.6 100 20
tap water and deep wells, whereas (6) 29 6.5 100 ' 10
it was 38, 10 and 120 in average in River (1) 27 6.4 80 20
shallow wells, rivers and ponds (2) 27 6.5 80 20
respectively (Fig. 1). 1) 31 7.6 4 0

3. Survey on the reasons of Deep (2) 32 7.0 80 20
absence in elementary schools: Of well (3 .28 6.8 0 0
the cumulative number of absent (4) 28 7.0 10 5
pupils (1,551) in a year (3.6 times ®) 29 .1 10 0
in average per pupil), 924 pupils (1) 31 6.8 10 5
(59.6%) were absent due to guinea 52{’& g; ;g gg 18 8
worm disease. The absence ratio n 31 6.5 c 0

due to guinea worm disease
showed strong seasonal fluctua-
tion, and it was high in. March—
September period, which agrees

* per 1 m/ of water
% % innumerable



192

Number of cyclops
per 2 liters of water

100

50

Pond Shallow River Deep Tap
well water well water
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Figure 2 Percentage of absenteeism of school pupils by month.
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. well with the infection period of guinea worm season (Fig. 2).

DiscussION

There have been several reports on the actual status of guinea worm disease in Nigeria
(WHQ?"‘1987; Kale, 1977; Abolarin, 1981). The infection ratio was particularly high in
Abakariki district of Anambra State, and 50-75% of the inhabitants there are said to be
infected (Nwosu et al., 1982). The results of the present investigation revealed that guinea
worm disease causes serious problems and that it is necessary to take effective measures
promptly. The drug used for the treatment, albendazole, was effective to facilitate excretion
of the worm and had little side effect. By giving this drug, strong antiparasitic effect is
obtained not only on Dracunculus medinensis but also on Ascalis lumbricoides, Anchylostoma
duodenale, Enterobius vermicularis, Trichuris trichiura (Rossignol and Mausonneuve, 1984)
and hydatid disease (Suimot et al., 1983). The treatment by this drug is recommended for
the patients, however high price of the drug is the bottleneck.

The water which the inhabitants are usually drinking is contaminated with cyclops to
considerable extent. Because about 10-25% of cyclops are considered as infected with
Dracunculus medinensis (Nwosu et al., 1982) the inhabitants become frequently infected with
the disease when they drink the water. At the same time, total bacterial colonies and coli
form colonies are innumerably found in water, and the inhabitants are easily infected with
various types of water-borne infectious diseases. In fact, the incidence of typhoid fever,
dysentery, diarrhea, etc. is high in this district (Ministry of Health, Nigeria, 1987). Relatively
speaking, more patients of the disease are found in younger generation, and most of the
patients are agricultural workers and school boys and girls. High incidence among the
agricultural workers may be attributable to the fact that they become thirsty during work
and drink water of the ponds very frequently.

Guinea worm disease not only causes much pain in the patients but results in the decline
of agricultural production (Belcher et al., 1975) or the decrease of school attendance ratio
(Ilegbodu, 1986). Thus, the disease has tremendous social and economical influence. The
supply of clean drinking water is the matter of primary importance. To prevent the disease,
it is recommended to take such corrective measures as the propagation of water supply
system, the construction of deep wells, the sprinkling of the pesticide against cyclops in the
pond, the enlightenment campaign for the inhabitants to boil and filter the drinking water, etc.
(Rao et al., 1981; Hopkins and Foege, 1981). :

Special emphasis is now given to the construction of deep wells, and the incidence of
guinea worm disease and other water-borne infectious diseases has remarkably decreased in
the areas where deep wells have been provided. In Abakariki district, the construction of
deep wells is now under way under the assistance from Japan, and it is expected that this
project will provide extensive effect for the prevention of guinea worm disease. However,
there is the inveterate habit to drink the water of ponds among the inhabitants, and the
elimination of such habit is not very easy. It is essential to propagate the good knowledge
of hygiene through education among the inhabitants.
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Figure 1
Figure 2
Figure 3

Figure 4

Second stage larva of Dermatobia hominis removed from the patient.
Anterior part of Dermatobia hominis second stage larva.

Spines on the surface of fifth segment of Dermatobia hominis second
stage larva, ‘
Cephalopharyngeal skeleton of Dermatobia hominis second stage larva.
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Case report

A CASE OF MYIASIS CAUSED BY
DERMATOBIA HOMINIS

RYUICHIRO MAEDA!, EMI MAKITA!, MITSURU SEGAWA?,
TOSHIRO SHIBUYA®! AND MIKIO OGINO?
Received December 20 1989/Accepted March 20 1990

One case of human myiasis caused by Dermatobia hominis was reported.

The patient was a 22-year-old Japanese woman who had been in Brazil for 12 years. She
lives in the suburbs of S3o Paulo City at present.

About the middle of December 1988, slight bleeding was noticed between the first and the
second toe of right foot. She came to Japan for sightseeing on January 1 and visited National
Medical Center on January 23, 1989. When she consulted the doctor, the swelling of 10 mm
in diameter was noticed which was accompanied by the oozing of blood. The affected part
was not cured after 3 days of sterilization. On January 27, a maggot was taken out from the
lesion surgically. After the maggot was removed from the patient, the symptom disappeared
rapidly. The maggot was 9.5 mm long and the color was yellowish white. The strong spines
were distributed on the surface from the third to the seventh segment. The posterior spiracles
were lost during the process of extirpation of the worm. The anterior spiracles were small
and not flowerlike in appearance. It was identified as scond instar larva of Dermatobia
hominis based upon above findings.

Occlusion of the punctum on the skin with vaseline causes the maggot to migrate out of
the skin to breathe.

1 Department of Parasitology, Teikyo University School of Medicine, 2-11-1 Kaga, Itabashi-ku,
Tokyo 173, Japan

2 Department of Orthopedic Surgery, National Medical Center, 1-21-1 Toyama, Shinjuku-ku,
Tokyo 162, Japan
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