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T (BB ) AT E LA LR LB E O FIT R 4,
REET R4 Fs &k OARIR O LRI 9%
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B S5344FE4H10H =6
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BERECHL ThEne Z2EBIL 21T
bbb t, RUB2RAMIIELTHEFRIEHEL
BCh, ARMSEML, X 2BBABOHMIT
L0 BBEAEVPBRLLT, BEBEIWMZS
RO EREINLGIEB MO TS (Adolph,
1946; Dill et al., 1938), —F, HABek hZHHT
EET L) 2BRMHSEREIILLze M,
FREEDSRAMEICIIRT RS OREIGELE L
FEEVES CHREBEERELBENLnbILTHE
(Kuno, 1956) , A EEOEE LT RBOFED ZT
KE2HBARBDODBLEE®RT 205, BEHEOS
fEIT& » TR HE Gk, (&3, \Hick 2
) EIOMENILIDEHEEINS, LI L,
FRICOWT, BRERREHEESLPEHERX
DEEBITBREDB BN LS, BAAMENE
AFNEREEROFVTENE L 20, RITHRA
LLTENTVWRRD LRI N TS (AF,
1956), HBAFOMBAEFLL BHORT LT H
DOREFREIZ>WTHE, EETEREL VSRR
BETRBOIEHBBABORE %17 - L HERSE
BA%EL, DFLICRETBREIC W IRAROK
FTLEZPITBOAHBEHRESEINTVBITT
® %\~ (Hori et al, 1976), R R4t & stk H#
REROYEL2SITLE, BLUEHHRARR
FHERBRSEREL D SCEHIIE W TIREY
BEBBEDO BAFBRZn LB HOENT WEDT
(Robinson, 1949), &M O &R IR K4

Jill]

RERMRFHB A EHE
PaE T 1T 1-1

L ERBREROEHREE X B ITRBIZED
EIDEHELEA DD ERET 5 L REHMD
RESMCOXBERAT LI DIIBETH L, £
T, MBEBEBIUALEESE CREMER
BELZE MZ2onWT, BB K LGRS
BTEBU2REBERCESTREOLE L T,
MEORERLGD 2 - DERITOWTHRHE
mz, ESEOEELE SME0 SR toE
WIZDWTEREMA T,

X B A X

HRBIIENE->TRBRABF78E, ALitkh
Bo THE~BEL T SDOEM: 3 ELUND K
ABF 7RI T7 AREHFARY, HiEHE
BT TORBOME LB RKHDORE ZTT - 120
REBTT IR ER 3 ELUNIRZ O E 5 L0
DNTWBEDT, BEEHIKB W THELY ALK
BEBELIBABFIOL LA ITENE - 725k
ABF208IZ5WTHE LT,

RTEHRER RANZEES 2 Ay, KE%
10g/ecm®* OEAT2FTATHS 2BHRITHEL
Tzo BIGEIL 5 BIfT - T, ZDEEIERZDHALD
KIER L Lz, KIEEORIE®A & FERigEE
HOIDOMEFEBRHMIKROBOTH L S,
1974)

A ¢

L ABEEEEENEOFR & 0.141
6 B A T R B OO SR

H: AHFHETHET 0.143

Mo: GEIMRESREE L AILEOPE  0.143

B AHARE Eomd 0.139
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B: AhETRLEHBEBROPE  0.139
KEa: AXKEBHR, WEESEOFEME 0.295
IR EER f i3 PR

(%)=
FEERE@m?) X EHEEE(mm)
28.9% () +3.69
Tk OKRDT,

REEBEOEHMICIBRBOREFA L, &
BEBEETTORBOHER, BIFDOENREBTO
HHRABEOHKBENTH 20 0KIEDHRE
BOFPEEXRIT L0, FHIBEEL 30C &8
FET0% D ERITIKk e > Y 72 B &8 THEAL
2304 PR Y & o8, RITRMFERBELLL
EDEBI0NTROREEE 4 urt—2—%Hn
THE L1, ORNE (FTR) BRAKETZH
WTHISE Lico RIBEOHELL & B R ERA
FORDOMEFREZHIROBY TH 5 (Hori
et al., 1977),

VA % B

B WP REBLE2cm 0.098

fo: FREEAMBORS 0.083

B FRE HomS 0.162

%: EHETAET 0.083

LR ZAHPRE 0.082
Bl BUREANTE PR, THS1/3 0.061
F: FEPRR, E2S51/2 0.053

KBE: KEERTE AR, B 1/2 0.172
THE: THEEGPRE, EH51/3 0.134
2 BEHRR, Lhs1/2 0.072

RTReHE ARPETIKANEDY 126 cm® OF
AhFentBE L TBE, RTEMRBOY R
Zh 42 C O BEINLECELSTOET
F: % & &+ (Ohara, 1966), 247 &L ICH 7 &
MADOREKEPZTHRTIE - 2D RASREL
7T DB TRKROR B ETT» TRIKOER
OHME VRO, WROBEROHEMBAD SN
RO 513, FARMSRUERETRTE
EEERICRDLENTEEZNDT, FHEBIC
ROWHEDO EEEMH S BRAEEOHMEB %L
K, FHITRB®RORTREORBELERICHE

ik, CORBLORTHRENYn L5 LRERKH
RO, COLELRTHBEMEAEAEZLT |
THEBRBERD> S RITHIBEE CTORMERTD
B L LT,
EBTBRBOHERRDL D TF-7, REE
MIZa—FTra— i dB8GLERLZDD,
RARSFUE L E & LR UG TRITFIER
%, a—-FHYVBREREYERLC, BAEEY
HOFHAEBELTHA CHEBTREEL L (K
H, 1977), TEOMFEHII BABELSRBEALL
RETHRBZHRIEIET, Enzrdrtkin
$ o e BUE L, BEBITROBE L FHiB
EFEEEEHODOMBFAERIIROAD
Td 25 (KIE, 1977 ; Weiner et al., 1969) o

AL %5
B: AP RELE2~3cm 0.095
Mi: A, PLEE 3~4cm 0.123
W ARHEHRR 0.123
kR KRBTSR L NEO B E 0.120
HifE: AARAESRRR Er61/2 0.090
KEB: AHRBEREHR, EH51/2 0.252
Th: ETRAMSRE Eh51/3 0.197

& g7

1. S&EH

MEteE O LtxLEaE MB) OF
HREHHOKRERLIDR L7 OBDOERELB LU
HREOFEHHEIZZNZEN, 1666cm & 586kg T
MBoZh ZhOFHHE 169.7 cm 35 & 1f 61.9%kg
LD HEDNEI Do Tcds, TOZREHMITIEE
BOETH AP »>T. REMKELAKEDHLITES
BT OBOHFHMBLIOTHIKEL T,
OB, EEEBXCKBRAOEYHEIZEN
#h, 86.6cm,261lcm, R1X496cm T M O
EFNFNOFEHE 86.4cm, 27.1 cm, 51.9cm & K
B+2E OB MBIXOREANDOTHITKEL,
LREER & KEBHH DD IS L, OBOHHKE
BT MBE & BB L TR R B D 2
BRbFHLTHrT L5,



Table 1 Characteristics of subjects
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Groups ~ Age  Height Wi BSA —22& _ Go. GA. GT.
(yr) (cm) (kg) (m?) (cm?/g) (cm) (cm) (cm)

o 210 1666  58.6 1.67 0285 866 261 496
+£19 457 455  +£010 10010 433 408 416

M 194 1697 617 1.73 0281 864 271 519
£13 475 466  £013  £0011 441  +13 420

O: Okinawa group, M: Main Islands group,

Wt: Body weight,

Table 2 Skinfold thickness and body fat of subjects

B.S.A.: Body sur-
face area, G.C.: Girth of chest, G.A.: Girth of upper arm, G.T.: Girth of thigh.
Mean values are given with their standard deviations.

Skinfold thickness (mm)

Groups Mean Body fat
Chest Abdomen Back Waist Upper arm Thigh (%)
O 8.0 11.0 8.6 10.5 4.3 9.8 9.3 11.4
+3.5 +5.0 +14 " 438 +0.8 +8.4 +2.8 +2.4
M 8.7 11.3 9.0 11.6 5.1 11.0 9.9 11.6
+3.9 +6.3 +1.8 +5.1 +0.8 +4.4 +3.1 +2.2

O: Okinawa group, M: Main Islands group.
Mean values are given with their standard deviations,

2. KiRE

RIEEOHIEMIZIRK - BEER, RUKRTIRNE
DEZR2ZNFNR_BFO>EATVLA, HIEM
ZOIDOERIEEEL L TEb Lz, HEHMLMD
RIEB L FHURBE®E21TR Lz, ¥ OHIED
frEATH O HOFHMEIE M BOEEMHEEL D /N
IPo T WEBEDH LTI 20Tz, RIFE
BIWALIZE - TE A2, OBTRIBHEIE
<, M BTRESHEIESHEL L IC LS
BRI >Tco BB, MBRELOHAICZE S
ZRBH Y, KTFREOBAINSIHIEML T
oo RTEMELGE, AEEELIVEHI LT
I &EBOFEEIZ O BT11.4% T MBO
11.6% & D HFHITINE o T2,

3. DHBEBIUCKRER

ARNE, 28100 FOWMABIKER, FEkH
i, Tor-Ts gradient O FHIME R X EERFE %
F3 WKL, O BOOWBEDOTEHIEIZ 370C
TMBOFEE3B7C LDRREL-T, BE
BRAEINLLEOBETL O BOTFHEIZ M

Table 3 Oral temperature and skin
temperatures
Okinawa Main Islands
Groups
Mean S.D. Mean S.D.
T,. 37.0 0.2 36.7 0.3
Forehead 359 0.3 349 14
Chest 344 1.0 34.1 0.9
Abdomen 345 09 34.0 0.5
Back 350 1.0 344 0.6
Ubpper arm 35.2 0.9 348 0.8
Forearm 354 0.7 35.1 0.6
Hand 354 0.7 350 0.9
Thigh 348 09 344 0.5
Calf 35.0 0.8 348 0.6
Foot 347 1.2 344 0.9
T, 35.0 0.7 345 04
T, —T; 2.02 08 2.20 0.6
T,,: Oral temperature, 7T,: Mean

skin temperature.

Mean values (in C) are given with

their standard deviations (S.D.).
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HOFEHELIVEL, LidH-T O BOEHE
BOEHEHEIZ 35.0C T M #HOEHHE 345C X
DEDoTz, LI L, ThoDERKIWICIE
BThd oo HEBEORIBWEAIX O BT
WRTEEE T 35.9C T, M BTCRAIBMD 351C
Thotco —F, HIBABLLE O FHTRIE
TMBTRIESTH-7co O BIZ M FFLHE
L CHIZET 1.0C @< 047C, T 0.33C
B, MHEOMTREBMICLIEZNPEDH-
2o Tor—Ts gradient @ FE# iz O BT 20C T
MBOFHHE 22C LD /NEho7ce LL, T
DERBEEE TR 2D »%o TorTs gradient ©
ERAREBEL ) ORBEIZELAEERE, B
HOBREWR L P HLHBBRICHLDOT, OROR
BERBEI M BOZNLIDREWT LBHERIN
5,

4, FITRE ENPRARE

OBL M BOBBREINDRKTOBR LR
HAEEOHMBOFEMEE &K CHEERELE 4 TR

Lizo O BEDRITOBEOEHHIT6.154T M B
DFHEL. 050 LDE D KREL, O HEoMBAR
F#ED BiNER O EHE I 0.24 mg/em? » min/
min © M # ® ¥#4E 0.33 mg/cm® -
FOMBYONEpoTeds, WFRAEEETRE:
ot UMEDKERI D, OBORTORMIIM
B Ll L CRIT RO RELGE MR EE
BENCETHETEDH L,

5. REBITROEE

25 7 7 D K8 O ITIREE & E BT
REEOLEE L FEREZETES TR L, O
DREBT IR EEOFEMEIT, WES Nk O
TH MBOFHELIYD KENW, LHL, £OE
BHAMNIZRAEETR 2, HHELIRIEED
BT AEETH Y, UTHEEDOEH IR
Mo, &, Lk, w0k, KB, THEAL)—HLT
Wb EEEETIREEIL O #HOEHEbs 147.6
glands/em? © M BEOF#{E 140.8 glands/cm?
KD bLFRIRKE W, BEGBTREIIEEEBT

min/min

Table 4 Latent period for sweating and initial sweat rate

Groups  Subjects

Onset of sweating

Initial rate of increase
in sweat rate

(min) (mg/cm? min/min)

Y.H. 7.2 0.28
K.Y. 3.8 0.57
H.S. 5.2 0.17
O AG. 6.0 0.07
T.M. 9.4 0.16
T.T. 5.8 0.20
H.S. 5.5 0.27

M4+S.D. 6.1+1.6 0.2440.15
S.T. 4.2 0.42
M.S. 5.2 0.36
H.M. 1.0 0.44
M M.K. 6.0 0.27
Y.M. 4.2 0.05
H.H. 4.0 0.48
T.Y. 3.4 0.31

M+4S.D. 4.041.5 0.33+0.13

O: Okinawa group,

M: Main Islands group.

M-S.D.: Mean values and their standard deviations.
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Table 5 Numbers of active sweat glands

Groups No. Forehead Chest Back Upper arm Forearm Thigh Leg Mean
O 30 206.0 158.8 156.1 141.9 128.4 125.5 1199 138.8
+34.5 +32.7 4249 4+17.1 +14.6 +162 +134 4197

M 20 197.2 153.1 145.6 129.6 126.3 117.3 116.4 131.6
+21.9 4222 4162 +9.8 +136 111 4107 +13.7

O: Okinawa group, M: Main Islands group,

No.: Numbers of subjects.

Mean values (in glands/cm?) are given with their standard deviations.

R L RETEOE TROON LD, OBOK
EEEEZ M BOEFRED/NIWHEBICH 572D,
SEEEITIREIZIZLAEENE LD LHEEIN
5,

z %

FRIZe POREAGBRECKELZRIZL, B
% 5EFETICEHMLRE LBAITE, RERE,
BRBRPHRRICAERESE LI LEFLHMS
ntwnz (Lewis et al, 1960), MBI HEHRIT
BL, MEB0FRIBHOIFRLOZTREL LE
LT, BEoEEBHELEL, LG EET, Lk
BT EMITE D [EBOEALN DAL, Ft,
—E¥BLTREOAAEHME VRN, BE
AEAEB L BB RORE I MEICBEL
HET, FR o AMREBEREIC RIZTEER
wERE I b (Williams et al, 1967;
Whyndham, 1967), &+ & & O KR ALBEE &,
HEBIZEE Lce P LORIBAGBREOER, F
ELTHABRRBI2EHBOEROZERITE -
TIHINTIDELELD B,

SGHEHBORKREL D, MBEFEOKE, KE
LoBERALEEELREL T, GEMKES,
HENEL, FHEHBICH L THREOBEENR/NS
WZ kT, ZORE, KREORRIIERFERT T
BT B ILEA BN K& RS L v D
Bergman OD#EAIB X U BEFRT CIIEREIC
HLmBEsEL % Allen OBRI E—FT 5 3
DTHb (S, 1976; Coon et al., 1950) o

REFE L ABEOLIMBEBTEOFALE
BHELODRE», RERETCOBITR7 v =~

FHLARBEEYHLL ) ZREOBRB LS
BHREBET L &R, 2AArF-HERRUR
#HE (ERBR) IAREICHAT L, BHARRK
BEAERERX D BVHEICIABEERITILAT
50T, RERELUBLOLRBREWHFHER
BETTOREBRABITAENTH S, Lichi- T
BEFZEOKBRIATAFTHICHTHRREET
TEMEZRB BT L2EARDSLLEZL 5,

IR ORGERIIEBIEROBEERID K
{, ZO7DETREBHENGEIRBEDREK
ZARFITH B Keys et al, 1953), E2ITRI N
&5, MBEEEORTEEIMEI N
EDWREATIRLETHEIDEL, TLITK
BICAEM A NE R TECER TR L, R TEE
BEOxE, LY, MBLEEFEORARBRALEH
BIXOEMTHD LEEINS, GRERTICE
ET 2 LEMEMENFEYT ST L (Johnson et
al., 1947; Welch et al., 1958) R UMEREMB DB
DIBREHROBA EEILTEBTONTS
DT, MBEFEORTRFEORD BEHBEO
BEBETTOAGICL 2ENBHORIHBIER
RE->TnbdDLEEINS, REXLDDIZEE,
B L UENOBIEICK 5 HE (EHRE) &
BPHREREBERBEOZICHATLIOT,
FOEREBTORABIEHRERISENIZE
K&\, E3CRINCHERIBEHEER30C T
ORGEDORFET, CORBIIETERREL
whh, EEMEOILEICK 2REERO EAICK
DB EMMIE THRBE LT & 2WMPRET
OHBORFERERL TS, MBEEEDOKRHE
BRAUEINTEOBATIRIEFTELIES,
B> TEHRBRIE N, COZLRBZLLM
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RBEFEHOREMEDIHBRENALETHEDOZN
L0, REBRREOEELSZ k- TREEMN
FlHMBEINLIDLBEEINS,

BREBROMMELL D L, MBETEIRT:A
HE LA TEREOHERICH L TR RE
BAMEL Z»>Twd, BEAESPMERL D L
HA35L, BRBLOMUEORFED LAENK
B A TR LMUBORBEOEIVNIL &
50T, MREERO MO ZERIEZ, BRER
0C XD LEL 5L 351 LA e
PATLIDLHEREIND, EILFRINLE
512, WBEEHED To-Ts gradient OFifE
202 CBRATHEEDOFEHM22C L0 kD
S, RBBIZKEEZN 2 LB To-T,
gradient & BAOBERE L3 H LMD BIGIT
Hb, LIcH-TCHERETCRMBEBTEIA
THEELUR L TEWRERRLEL, 8O
BEANDEBEHBFNTABE T LBHERI NG,
UEDXS CHBORKEER-EERORBEREDE
BRIy, MEREROEMREENBE T EFHL
DENTHET L ZHEIE S,

BEERIZILLL T Ave FCEHBROEE
ML ziTh¥ 2 LB TRHORAMNEL 20T &
BEMT B LR KL MENTWBA (Adolph,
1946; Dill et al., 1938), #hsiTH: T b £75T
280 A EBRHMOFREILER, YA EIPRE
EOBRARMIIH L TREFOBRSEL, FE
YV EnEnbnhTnsg (Kuno, 1956), AFFE
CBNTRFLLIOWS LR LS IZ, hEBEES
BETEEE - L TCRTFOEENE N, FiE
ML D HWINBFD precursor fluid 1Z7FE
DOHEHEFELTRRINEIDEZINTHEZDT, B
DRT REORAOER I KE T BHibdn s
KEEDIBNIDTHAS, LiLl, FEEk
TD R O FEBLEFE & BE~ DI D43 i H3 8
NOREEZHBENENEEDh 20T, REA
DT Db DERZEDORT K DFKROEBIED
RE®RTIDEZZL TE Vv, MBEEZRAL
EEHLOMPIIBT 2 RTREOHMOAL D
DD T, A—HRARIH L TFRDOD
CLRPSHTHDL, L, ReBTCIiE

EFHIARBIZWIZ bbb o$, KRB0 Lk
ARBES AW LEHREL TS (Hori et al,
1976), Z=DEMHIZ, HEHHED Bl “Habitu-
ation” (Glaser et al., 1953) Tk T, $Z -T
RIS EE L 5P ROBRZHIMMETT 2720 &
EbhTwi, AMERLBNWTD, THEO3 3
T LTk - THRITEMRELY, THIDEARK
BOALER, - THELAENHBIIEWTIE
BELWEEDNLOT, RAEEOHMMEIIA
R EFICHT2RAPRORZ®EEDT & DB
RTx224, COERELLY, MBEEROEY
ffi 0.24mg/cm? » min/min IHS PR ALEF
HDFHME 033 mg/cm? * min/min & Y /h& {,
MEATEORTPRORSHNATLERDZN
LDBEAT LI hdtbh L, LdL, RHE
BHREEFEOM, KEOBEIBEELThLC L
BHRISNTVEDT, RETORTIIEEST 54
BRIS, PIAXFROREHESECENSNE, &%
FTLAPWTCORZHOE b % { THRTHE
DERPHWAT L LIBTEETH B,

BERBET TCORBRDOEEH2HEL TH B LT
READOREALB N, FEBVEW ERZFIREK
LPBABBDENC LERT, THIZA DD S
THRE EFEsT L AR (Hori et al., 1976) @
2, MBEFEVRBICEREZGEEIE, KT
FERBY E B CAEMZABREEL, 20D
X, BEZOKHBBRVBIFTHEZLITL
THREBEHMET 2ENIHFTTED, %H
BRAEABENC LRI > TH->-THE3D LR
bh iz,

BEBHTREREEOFAMITIES TRENLES
L, WEINIFT X TCOHITHiBETED
FEAEFELDRENBZDOERD %, BT
BR% BT BY L Tid functioning active sweat gland
(EBIZRTZITHI>TR) QREAMII LVED
LETLEEIHLY, AF (1956) [Kihid,
BEBRTIZLE O+ TORBITIRICFRICRE
ChELT, ThERTOEBBREALEPATNS,
ARAETCORBTREELRTOLHREICL - T
HEORBIFREEZRL TV LRI, i@
EFEBEBTREENSOT, d LAKRORE



TFRRADBELWERET S LRERERLZOD
RITEAIVBFNT Y, KEERLEVO TE
BEL WG, HEBEEE X EEO KN OHE
(wetted area) DEEBAKEL LD, RBFIKES
BEDBREVERERTIOLBEDbN S, Bk
BT REL, PERETREE AREEORITHK
Bt 5, AEEREIMELEETEO VA LAEFE
EDMNEAERIYH BHOT, BWEEBTREIITE
DEFEFLAEEAROLEEINS, LD L,
ERD &S IHFITK 2REEHDOES L, Bk
BT R L D REBTIREBEEDO FHEL D EENBN
LEZONLDT, BETREEDL S IMEBES
HEOFBERTAEEEL D BRRET TOREBE
BABFNTNEIDLERINSG,

B )

HBIZENE > CRABF 74, KUFLIZE
NE - THENBEL TS OHBEY 3EUAND
BABFIZOWT, 7HIREKERIB LT 30 C,
BET0%DERNICRE TRIcEILE ZEDONIR,
RUEH10h FROKERLREL, T0%T42C
OKICH TR BRI, HHORFARET LIEK
ETHET L LEIRED, RTRAOBELTT-
TRO K D kR BT

1. MEAEEZERALEFTEL L BRIIESL,
HEZEL, HEOMEI/NE  RTEEENE
Mol INOOBRHREEZI—RICHERET
WCHEET A FOBRNKE L —HL, GERRE
FTTORBBBICENZAE, kEEFIFHCL

X
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D3 - T2,

2, MRBEEEOKBERRIAIABTEORHER
E0EL, ERpEEINFNTEY, 20N
BLPHREROZEBIENT DS, SGHROH
HBREBEVBNAIO LHEEI NG, MBEFEOH
Nh-GRBEEhY, BRRBETCTORTORE
PELTRABRGAVRTHHAIR Db OT, &
BLEAESD LARNEEAD D2 ELEZI SRS,

3. MELEFEORTEHRAROEBROOFHMH
136. 13 TALTAEFZEDL ALV EDEL, #
RBEIN TV EHBERORBRT ST ORMLE—
B L, MBEEEORTRMDRAAITEL S
R REOWMER, ALEFHEOZTNLDIESL,
HWIRD ERITAT A RAOEMEBIEV AN LB
REI N,

4, MEBLEBEOREBTREEZ, MEIN:
FTRTCORBEHBALICRCELEFEL AL, R
FICE BBBEABFN TS EBHEEI NI,

5. MBEEHOBBRRETICBY 5 KIRHAL
BN, ALEBETCHENBELLZELOFN
TnaZ e, ETRIVBRBEIIBREIND
BenEl, BHMROBARIMLICK L EEI N
3D LEDNE,

it i
RE#RbCHY, HEKERLZROAEHS
*THE T LBRREREER, F BERC
DHEOBRHHOBERLET T, &B, FPREH
ERERRBORYBITE - TiTb I,

ik
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Anthropometric measurements and measurements of body temperature and latent period for on-

set of sweating were made in the summer in Okinawa on 7 young male Japanese who were born and

The 1st Department of Physiology, Hyogo College of Medicine, Nishinomiya 663, Japan.
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reared in Okinawa, subtropical zone (Group O), and 7 young male Japanese who were born and
reared in the Main Islands of Japan, temperate zone, but moved to Okinawa in less than three years
(Group M). Measurement of numbers of active sweat glands were made on 30 subjects in Group O
and 20 subjects in Group M in Nishinomiya.

After staying at rest for 30 min in a room with a temperature of 30 C and 70 per cent R. H., oral
temperature and skin temperatures at 10 sites were measured. Sweating was induced by immersing
the legs just below the knees and the time of the onset of sweating was determined by measuring the
weight of the filter paper mounted on the back which was changed at 2 min intervals. Counting of
numbers of the active sweat glands at seven sites was made by the Minor’s calorimetric methods after
sweating was induced by the foot bath method.

Group O showed a little shorter height, lighter body weight and higher ratio of body surface to
body weight than Group M. The skinfold thickness for Group O was thinner than that for Group
M. The mean values of oral temperature and skin temperatures for Group O were slightly greater
than those for Group M. The mean value of T, — T, gradient for Group O was slightly smaller than
that for Group M. The mean value of the density of active sweat gland for Group O was greater than
that for Group M.

These results suggest that the capacity of Group O for non-evaporative heat dissipation is superior
to that of Group M, Group O has higher conductive-convective heat transfer coefficient from core to
skin than Group M, and the efficiency and capacity of evaporative heat dissipation for Group O are
superior to those for Group M.

The anthropometrical characteristics, higher skin temperature, higher conductive-convective
heat transfer coefficient, longer latent period of sweating reflex, and greater density of the active sweat
gland for Group O might be explained as due to a result of long-term heat acclimatization to hot

climate.
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PREVALENCE OF HUMAN SCHISTOSOMIASIS IN THE
TAVETA AREA OF KENYA, EAST AFRICA!

Dasuke Katamine?, T. K. Arap Sioncok?, KeNnjiIRo KawasHiMA?,
Yasuo Nakajmma2, Hisatake NojiMa? AND JUN-1cHI IMAr?
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Abstract: A total of 963 individuals in three villages were examined for
schistosomiasis by both skin test and schistosome ova detection in stool and urine in 1974.
The antigen used for skin test was VBS adult S. japonicum antigen (1: 10,000 dilution).
Stool and urine samples were examined through the concentration methods. Egg-positive
rate was 62.2 per cent in Jipe, 68.0 per cent in Eldoro, 69.6 per cent in Kivalwa. Jipe
was infested mostly by S. mansoni, Kivalwa by S. haematobium and Eldoro by both two
schistosomes. The egg-positive rate was higher in females than in males in Eldoro. In
Jipe and Kivalwa, however, the differences in the rate between males and females were
not statistically significant. The rate increased with age in children, reached a peak
between the ages of 5 and 14 years and then decreased gradually. The positive rate of skin
test was 76.4 per cent in total, higher than that of stool and urine examinations. The
skin reaction was weak or absent among many egg-positive children. The skin-test-
positive rate increased as the age advanced and reached 95 per cent in inhabitants from
40 years up. The positive rate of skin test was higher among males than females in
Jipe. No significant difference in the rate between males and females was found in Eldoro
and Kivalwa. Among the egg-positive subjects there was no significant difference in
skin reaction between §. mansoni infection and S. haematobium infection. In 1975 stool
and urine samples from Jipe, Kivalwa, Kuwahoma and Chala were examined.
Kuwahoma proved to be infested by S. haematobium. In Chala schistosome infection was
rare. There exist villages infested by S. mansoni and/or S. haematobium in the small area.
It seems that VBS adult S. japonicum antigen for skin test and the concentration methods
for stool and urine examinations are of use in the epidemiological survey in the areas
where 8. mansoni and/or §. haematobium infections are prevailing.

INTRODUCTION

It was revealed by the previous investigations made by the Division of Vector
Borne Diseases, National Public Health Laboratory Services, Kenya and some others
that schistosomiasis mansoni and haematobia are prevailing in villages around

1 Studies on Schistosomiasis in Kenya, East Africa (Report 1) conducted by Schistosomiasis Research
Team (Leader: D. Katamine), Institute for Tropical Medicine, Nagasaki University and Kenyan
Counterparts, supported by a Scientific Research Grant from the Ministry of Education, Japan.
2 Department of Parasitology, Institute for Tropical Medicine, Nagasaki University, Nagasaki,
Japan. 3 Division of Vector Borne Diseases, National Public Health Laboratory Services, Ministry
of Health, Nairobi, Kenya. 4 Laboratory of Medical Zoology, School of Health Sciences, Kyushu
University, Fukuoka, Japan.
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Taveta Town located at the base of Mt. Kilimanjaro, near Kenya-Tanzania border,
within the boundaries of Kenya (Highton, 1974). Some villages surrounding this
town (ie. Jipe, Eldoro, Kivalwa, Kuwahoma and Chala) were selected for our
three years investigations into schistosomiasis in Kenya beginning in 1974. Jipe is
a fishing village of Luo people totally depending on fishing in Lake Jipe. Eldoro,
Kivalwa and Kuwahoma are situated along the irrigation canals from the Lumi
River and Chala on the Lumi River. The inhabitants of these villages are engaged
in cotton, maize and banana production or stock farming except some working at
sisal estates.

The present paper reports the data collected on stool and urine examinations
and skin test for schistosomiasis in the area during the first and second years of the
investigations.

MATERIALS AND METHODS

In the three villages, Jipe, Kivalwa and Eldoro, 1,170 individuals were subjected
to stool and urine examinations and skin test using VBS S. japonicum antigen during
the survey period of the first year (December, 1974). However, the statistics of
three combined examinations were compiled from 963 inhabitants, because some of
them did not provide enough quantities of stool and/or urine samples (Figure 1).

Stool examination: The fecal sample, at least 1 g, usually 3 to 5 g, was processed
according to the MIFC method (Blagg et al., 1955) which was modified by Ota and
Sato (1957) for schistosome ova detection. Ten ml of MF solution and one drop of
Tween 80 were added to each 1 g of stool sample and mixed well. The suspension
was strained through gauze into a centrifuge tube. Approximately 2 to 4 ml of
ether was poured into the tube for each 1g of initial sample. The centrifuge tube
was stoppered, shaken vigorously for 30 sec, left standing for 2 min and centrifuged
at 1,600 rpm for 1 min. The plug under the ether was loosen and the supernatant
was discarded. The deposit in the bottom of the tube was examined under micro-
scope for schistosome ova. The MF solution consisted of 200 m/ of stock solution,
250 m! of water, 25 m! of formalin and 5 m/ of glycerine. ‘To make 1,000 m/ of stock
solution, water was added to the mixture of sodium merthiolate 1 g, 500 m/ of ethyl
alcohol and 100 m/ of acetone.

Urine examination: The urine sample, usually 100 to 200 m/, was provided at
noon or in the early afternoon. Immediately, 4 m/ of formalin was pipetted to each
100 m! of sample. The sample was then placed in the conical flask and sedimented
for more than 30 min. The upper layer was discarded and the bottom layer was
centrifuged at 1,000 rpm for 2 min. The sediment was examined microscopically.

Skin test: The antigen solution (1: 10,000 dilution of VBS extract of adult S.
Japonicum) was prepared after the method of Chaffee ¢f al. (1954) with slight modifi-
cation. Intradermal injection of 0.02 m/ of VBS antigen solution was given to the
volar surface of the forearm of each individual, At 15 min after injection the edge
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Figure 1 Map indicating three villages examined during the survey period of the first year.
Hatched areas indicate the same villages; solid lines, the Lumi River, streams and

irrigation canals; parallel lines, main roads in the area.



170

of wheal was outlined with a ball-point pen. The tracing was transferred to the
paper with individual’s name and other information by moistening with alcohol and
pressing over the inked area. Two diameters of the wheal were measured at right
angles. An average of diameters was designated as the wheal size. The wheals
with sizes smaller than 8 mm in average diameter were classified as negative reaction,
and the wheals with sizes 8 mm or more as positive reaction.

During the survey period of the second year (November, 1975) 173 individuals
of the two villages (i.e. Jipe and Kivalwa) who were examined in the previous year,
and 142 inhabitants of Kuwahoma as well as 302 inhabitants of Chala provided urine
and stool samples. The samples were examined by the same methods as in the
previous year’s survey.

REsuLTs

As shown in Tables 1 and 3 the prevalence rates of schistosomiasis determined
by stool and urine examinations in 1974 were 62.2 per cent in Jipe, 68.0 per cent in

Table 1 Results of stool and urine examinations for schistosome eggs in three villages
of the Taveta area in 1974

. Number Number Eggs detected
Village

examined mfected

S. mansoni S. haematobium  Both together
Jipe 262 163 (62.2) 156 (59.5) 1 (0.4) 6 (2.3)
Eldoro 441 300 (68.0) 66 (15.0) 115 (26.1) 119 (27.0)
Kivalwa 260 181 (69.6) 5 (1.9 159 (61.2) 17 (6.5)
Total 963 644 (69.6) 227 (23.6) 275 (28.6) 142 (14.7)

()%

Table 2 Positive rates for schistosome egg examinations and skin test by sex in three villages

. Number Egg-positive Skin-test-positive
Village Sex examined (%) (%)
Male 148 64.2 85.1
Jipe Female 114 59.6 71.1
Total 262 62.2 79.0
Male 183 61.2 73.2
Eldoro Female 258 72.9 72.9
Total 441 68.0 73.0
Male 121 71.1 78.5
Kivalwa Female 139 68.3 80.6
Total 260 69.6 79.6
Total Male 452 648 78.5
otals Female 511 68.7 74.6

Total 963 66.9 76.4
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Table 3 Results of stool and urine examinations for schistosome eggs and skin test in
three villages

Vi Number Number passing eggs Number
illage xamined skin-test-

¢ S. mansoni  S. haematobium Both together Total positive
Jipe 262 156 (59.5) 1 (0.4) 6 (2.3) 163 (62.2) 207 (79.0)
Eldoro 441 66 (15.0) 115 (26.1) 119 (27.0) 300 (68.0) 322 (73.0)
Kivalwa 260 5 (1.9 159 (61.2) 17 (6.5) 181 (69.6) 207 (79.6)
Total 963 227 (23.6) 275 (28.6) 142 (14.7) 644 (66.9) 736 (76.4)

()%

Eldoro and 69.6 per cent in Kivalwa. In Jipe S. mansoni eggs were detected in 156
individuals (59.5%,), S. haematobium eggs in one and both together in six (2.39%,). In
Eldoro §. manson: eggs were found in 66 individuals (15.09,), S. kaematobium eggs in
115 (26.19%,) and both together in 119 (27.09%,). In Kivalwa S. mansoni eggs were
detected in five individuals (1.99,), S. haematobium eggs in 159 (61.29,) and both
together in 17 (6.5%,). The results indicated the predominance of §. manson: infec-
tion in Jipe, the predominance of S. haematobium infection in Kivalwa and nearly
even occurrence of two species in Eldoro.

In Eldoro 112 males out of 183 (61.29%,) and 188 females out of 258 (72.9%)
were found positive for schistosome eggs (Table 2). Using the 32 test the difference
in the egg-positive rate between males and females was statistically significant (p<C
0.025) in this village. In Jipe and Kivalwa the egg-positive rates seemed to be some-
what higher among males than females (Table 2), but the computed values of y2
were not statistically significant. As shown in Tables 2 and 3, the positive rates of
skin test with VBS S. japonicum antigen were 79.0 per cent in Jipe, 73.0 per cent in
Eldoro, 79.6 per cent in Kivalwa and 76.4 per cent in total, higher than those of egg
examinations. The positive rate of skin test was higher among males than females
in Jipe. The difference was statistically significant (p<C0.01) in the 32 test. In
Eldoro and Kivalwa, however, the data did not indicate any statistically significant
difference in the positive rate of skin test between males and females.

The age distribution of egg-positive rate and that of skin-test-positive rate are
shown in Table 4 and Figure 2. The youngest age of egg-positive individuals was
two years. The egg-positive rate was 33 per cent in the age group of 1 to 4 years,
75 per cent in that of 5 to 9 years, and 80 per cent among teen-agers. In the older
age groups the rate declined to 60 per cent. On the other hand, skin-test-positive
rate increased as the age advanced, reaching 95 per cent in the age groups from
40 years up. Children of 9 years and downward have a higher egg-positive rate than
the skin-test-positive rate (Figure 2). At every village the peak of the egg-positive
rate was found either in the age group of 5 to 9, or in that of 10 to 14 years, and then
gradually declined at the older age, remarkably in the cases of S. haematobium (Table
4, Figure 3).

There were found 541 skin-test-positive individuals among 644 egg-positive cases,
or in 84 per cent. The rate was higher than the incidence of 61 per cent among the
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Table 4 Positive rates for schistosome egg examinations and skin test by age in three villages

Jipe Eldoro Kivalwa
Age Number Percent Percent Number Percent Percent Number Percent Percent
group ex- egg- skin-test-  ex- egg- skin-test-  ex- egg- skin-test-
(years) amined positive positive amined positive positive amined positive positive
1-4 24 33.3 41.7 66 34.8 30.3 27 29.6 25.9
5-9 66 78.8 71.2 120 69.2 65.8 81 81.5 70.4
10-14 47 74.5 91.5 102 85.3 85.3 60 83.3 98.3
15-19 21 57.1 66.7 32 81.3 84.4 21 71.4 95.2
20-29 50 58.0 84.0 42 59.5 92.9 18 50.0 88.9
30-39 30 50.0 90.0 41 68.3 829 15 86.7 93.3
40-49 18 50.0 100 24 75.0 91.7 13 53.8 92.3
50- 6 50.0 100 14 71.4 100 25 52.0 88.0
Total 262 62.2 79.0 441 68.0 73.0 260 69.6 79.6
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Table 5 Results of skin test among egg-positive subjects and egg-negative subjects from

Jipe, Eldoro and Kivalwa

Positive for schistosome ova Negative for schistosome ova

Number Number Number

Village ex-  skin-test- skin-test- Number
amined positive negative  ex-
amined

Number
skin-test-
positive

Number Number Number Number
skin-test- ex-  skin-test- skin-test-
negative amined positive negative

Jipe 262 207(79.0) 55(21.0) 163 138(84.7)
Eldoro 441 322(73.0) 119(27.0) 300 242 (80.7)
Kivalwa 260 207(79.6) 53(20.4) 181 161 (89.0)

25(15.3) 99 69(69.7) 30(30.0)
58(19.3) 141 80(56.7) 61 (43.3)

Total 963 736 (76.4) 227(23.6) 644 541 (84.0)

)
)
20(11.0) 79 46(60.5) 33(39.5)
103 (16.0) 319 195(61.1) 124(38.9)

()%

Table 6 Results of skin test in 644 subjects
with schistosomiasis by type of eggs

detected
Number Number  Number
examined skin-test-  skin-test-
positive negative
S. mansoni 227 191 (84.1) 36 (15.1)

S. haematobium 275 229 (83.2) 46 (16.8)
Both together 142 121 (85.2) 21 (14.8)

Total 644 541 (84.0) 103 (16.0)
( )%

egg-negative inhabitants. The difference
was highly significant (p<C0.001) in the
x? test. It must be emphasized, however,
that there were 103 skin-test-negative
persons among 644 egg-positive inhabi-
tants, or in 16 per cent. Only 124
inhabitants were negative in both egg
examination and skin test (Table 5).
Among the egg-positive subjects, there
was no significant difference in skin
reaction between S. manson: infection and
S. haematobium infection, in the y2 test
(Table 6). Under the age of 5 vyears,
the positive rate of skin test seemed to
be somewhat lower among S. haematobium
infected children than §. mansoni infected
children (Figures 4 and 7), but the com-
puted value of 42 was not significant. In
the same aged groups, the wheal sizes of
skin reaction also seemed to be somewhat
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Figure 4 Rates of positive skin reactions and

average wheal sizes by age in indivi-
duals with §. mansoni infection and
those with S. haematobium infection.
S. mansoni infected cases numbered
totally 227 and S. haematobium infect-
ed ones 275. Solid circles, S. mansoni
infection; open circles, S. haematobium
infection.
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Figure 7 Results of skin test for subjects with schistosomiasis by age and type of ova detected, and
rates of positive skin reactions of the subjects by age in the study population of 10 years
and downward.

Solid circles indicate S. mansoni infected cases numbering totally 83; open circles, S.
haematobium infected cases numbering 143; solid rhombi, cases of double infection num-

bering 57; solid line, rates of positive skin reactions by age.

smaller in S. haematobium infection than in S. manson: infection (Figures 4 and 7), but
2.29 mm of the difference between means of the two groups whose variances were
verified to be homogeneous by use of the F-distribution {F=1.4192<2.3779=F 4(10,
19)} was proved to be not significant in the #-test (1=1.3706<2.045=¢ o5 for 1=29).
The intensity distribution curve was plotted from the intensity of skin reaction
which was studied on 963 inhabitants. It had two peaks, the first peak of negative
reaction and the second peak of positive reaction around 10 mm in wheal diameter
(Figure 5). When the subjects were divided into three age groups, under 5 years, of
5 to 19 years and from 20 years up, the peaks of distribution curves tended to shift to
the right, or larger size of wheals occurred in the older groups (Figure 6). In other
words, negative reaction decreased and intensity of skin reaction increased as the age
advanced. As to the relation of reaction intensity to the egg-positive rate, eggs were
proved in 70 to 80 per cent of the positive skin reaction group with a wheal size of
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9 mm in diameter or larger, whereas the egg-positive rate was much lower in the
skin-test-negative group with wheals less than 7 mm in diameter. On the other
hand, eggs were detected in 29 to 35 per cent of the individuals with wheals which
disappeared, remained in the same size, or increased 1 to 2 mm in diameter, mostly
among children younger than 5 years of age (Figures 4 and 5). Most infected adults
were positive for the skin test (Figure 4).

The results of stool and urine examinations carried out in 1975 also support the
findings that S. manson: infection is predominant in Jipe in contrast to high incidence
of S. haematobium infection in Kivalwa. In Kuwahoma, which was not included in
the previous year’s survey, S. mansoni eggs were detected in seven individuals (5%,),
S. haematobium eggs in 52 (379%,) and both together in two (1%) indicating predomi-
nance of S. haematobium. In Chala on the upper stream of the Lumi River schistosome
eggs were found only in 25 individuals (8.39,) out of 302 examined inhabitants (Table
7).

Table 7 Results of stool and urine examinations for schistosome eggs in four villages of
the Taveta area in 1975

Eggs detected

Village Num_ber l_\Iumber
examined infected S. mansoni S. haematobium  Both together
Jipe 101 74 (73.3) 67 (66.3) 4 (4.0) 3 (3.0)
Kivalwa 72 57 (80.0) 0 55 (76.4) 2 (3.0)
Kuwahoma 142 61 (43.5) 7 (5.0) 52 (37.0) 2 (1.0)
Chala 302 25 (8.3) 16 (5.0) 7 (2.0) 2 (0.6)
Total 617 217 (35.1) 90 (14.5) 118 (19.1) 9 (1.5)
()%
Discussion

Thick smear method (Kato and Miura, 1954) were used to detect .S. manson:
ova in stool samples by some investigators (Cook et al., 1974; Warren et al., 1974;
Siongok et al., 1976). In the present studies, however, the rationale to apply the
MIFC method which was modified for schistosome ova detection by Ota and Sato
(1957) to the examination of stool samples is that more than 1 g of sample can be
examined by the concentration methods in contrast to 50 mg per slide by the thick
smear method, and that the concentration method is, at least, a few times more
sensitive than the smear method in spite of some ova missed in the process of con-
centration (Ota and Sato, 1957; Okabe et al., 1960; Iijima ef al., 1962).

It is generally accepted that more S. haematobium ova are discharged into urine
about midday than at other times in many endemic areas (Bennie, 1949; Stimmel
and Scott, 1956; Jordan, 1960; Onori, 1962; Bradley, 1963; McMahon, 1976). In
the present studies, urine samples were collected at noon or in the early afternoon,
lest many egg-positive individuals should be overlooked. The urine samples were
fixed with formalin, sedimented and centrifuged, although some ova might have been
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lost in the process as pointed out by Olivier (1973).

Melcher’s antigen has been recommended as the standard or reference antigen
for skin test (Olivier, 1973), and the scapular region as a sensitive site for skin testing
(Kagan et al., 1961). Coca’s S. japonicum antigen was reported to be a little less
sensitive to children with schistosomiasis mansoni and/or schistosomiasis haematobia
than S. mansoni antigen, although there was no difference in wheal size between the
two antigens and the nitrogen content was 10 per cent less in the S. japonicum antigen
(Kagan et al., 1966). However, it was reported that S. japonicum antigen was effective
in the skin test in S. mansoni endemic area in Brazil (Pellegrino et al., 1962), that the
reactivity of VBS antigen was similar to Melcher’s antigen (Kagan et al., 1961), and
that VBS antigen was stable in antigenicity (Ishizaki, 1973). In the present studies
VBS adult S. japonicum antigen was used in the three villages. The injection site was
the volar surface of the forearm. If the scapular region had been used, every indi-
vidual would have to remove the shirt and it would have been time-consuming and
inconvenient especially for women.

It is interesting to find an endemic locale of . mansoni infection (i.e. Jipe), those
of S. haematobium infection (i.e. Kivalwa and Kuwahoma), that of two types of
schistosome infections (i.e. Eldoro) and a locale where schistosome infection is rare
(i.e. Chala) in this small area, presenting an ideal ground for comparative studies
of two schistosome species.

There is, in general, little difference in sex ratio of the infection. The greater
pervalence of schistosomiasis for females in Eldoro, a farming village may indicate
a higher chance of exposure to schistosome cercariae for women in this locale through
washing clothes and utensils and drawing water.

In the three villages surveyed in 1974, egg-positive rate increases rapidly with
age in children, reaches a peak between the ages of 5 and 14 years and then gradually
decreases. The decline appears to be more rapid in S. haematobium infection than in
S. mansoni infection. Similar age prevalence relationships in schistosomiasis have
been observed in some endemic areas (Pesigan, 1951; Clarke, 1967; Jordan, 1967;
Siongok et al., 1976).

It was reported that the positive rate for skin test with S. japonicum antigen was
very low in children under the age of 10 years in S. japonicum endemic areas
(Yokogawa, 1974), that more than 20 per cent schoolchildren passing . manson: ova
were negative for skin test with Melcher’s S. mansoni antigen in a hyperendemic area
(McMahon, 1967); and that children below 5 years of age passing schistosome ova
were far less reactive than the older individuals in endemic areas in Brazil (Kagan
et al., 1961). In the present studies the positive rate is lower for skin test than for
egg examinations in children under the age of ten years. The wheal size is smaller in
this age group than in the older age groups. These findings are essentially similar
to those of previous workers. Kagan et al. (1966) reported that the children with
schistosomiasis haematobia showed a higher skin reactivity to Coca’s S. manson:
antigen and Coca’s S. japonicum antigen than the ones with schistosomiasis mansoni
in Southern Rhodesia. In the present studies, however, there is no significant differ-
ence in the positive rate of skin reaction between S. haematobium infected cases under
the age of five years and the same aged S. mansoni infected cases. The wheal size of
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skin reaction is not significantly different between the two groups, either. In the
older age groups there seems to be no difference in skin reactivity between the two
schistosome infections. There are possibilities, that the children with schistosomiasis
haematobia are less reactive to VBS S. japonicum antigen than to Coca’s antigens,
andfor that the degree of hypersensitivity in the cases with schistosomiasis
haematobia in the Taveta area is lower than that in Southern Rhodesia.

As is well known, skin test continues to be positive for 20 years or more after
recovery from infection (Yokogawa, 1974), while the egg-positive rate reaches a peak
in childhood or puberty with gradual decline in older age group. It is, therefore,
not surprising to find that the positive rate of skin test becomes higher than that
of egg examination in age group from 10 years up. The group of individuals who
are skin-test-positive and egg-negative most probably includes some cases passing a
small number of ova which escape detection even with the concentration methods,
besides the cured individuals who had been treated with schistosomicides, and the
ones with S. bovis infection (Sadun and Biocca, 1962) or other trematode infections
(Hunter et al., 1958; Sadun et al., 1959) with which cross reactions occur. If the
examinations for ova were repeated a few times as recommended by some investigators
(Lijima et al., 1962), the egg-positive rate would rise a little higher.

The results of the present investigations indicate that the concentration methods
for schistosome ova and VBS adult S. japonicum antigen are of use in epidemiological
surveys of the areas where schistosomiasis mansoni and/or schistosomiasis
haematobia are prevailing. The results also support the view that S. mansoni and
S. haematobium infections are still prevailing in this area.

ACKNOWLEDGMENTS

The authors wish to express their appreciation to Kenyan Government Officials
and people of Taveta District for their cooperation to the studies. A special debt
of gratitude is due to Dr. J. N. Itotia, Director of the National Public Health La-
boratory Services, Nairobi, and Dr. H. K. Githaiga, Parasitologist, Division of Vector
Borne Diseases, National Public Health Laboratory Services, Nairobi, as well as
Mr. R. L. Musa, Mr. J. Nandoya, Mr. H. Mwinga and Mr. K. Kokoi, Field
Technicians, Medical Research Laboratory, Division of Vector Borne Diseases,
Taveta, Coast Province, for helpful suggestions and assistance.

REFERENCES

1) Bennie, I. (1949): Urinary schistosomiasis, the best time to obtain specimens, S. Afr. Med. J.,
23, 97-100 (Cited by Jordan, P., 1967)

2) Blagg, W., Schloegel, E. L., Mansour, N. S. and Khalaf, G. I. (1955): A new concentration
technic for the demonstration of protozoa and helminth eggs in feces, Am. J. Trop. Med. Hyg.,
4 (1), 23-28

3) Bradley, D.J. (1963): A quantitative approach to bilharzia, E. Afr. Med. J., 40, 240-249

4) Chaflee, E. F., Bauman, P. M. and Shapilo, J.J. (1954): Diagnosis of schistosomiasis by
complement-fixation, Am. J. Trop. Med. Hyg. 3 (5), 905-913



5)

6)

7)

9)

10)
11)
12)
13)
14)
15)
16)
17)

18)

19)

20)

21)

22)

23)
24)

25)

179

Clarke, V. de V. (1967): A clinical study of intestinal bilharziasis (Schistosoma mansoni) in Africa,
49-58, Arnold, London

Cook, J. A., Baker, S. T., Warren, K. S. and Jordan, P. (1974): A controlled study of mor-
bidity of schistosomiasis mansoni in St. Lucian children, based on quantitative egg excretion,
Am. J. Trop. Med. Hyg., 23 (4), 625-633

Highton, R. B. (1974): Health and disease in Kenya, 347-355, East African Literature Bureau,
Nairobi, Dar Es Salaam, Kampala

Hunter, G. W., Ritchie, L. S., Pan, C., Lin, S., Sugiura, S., Nagano, K. and Yokogawa, M.
(1958): Immunological studies. II. Intradermal tests and their application in the field for the
detection of schistosomiasis japonica, paragonimiasis and clonorchiasis, Milit. Med., 122 (2),
85-96

Iijima, T., Ito, Y., Nakayama, S. and Ishizaki, T. (1962): Studies on diagnosis of schistosomia-
sis 1. Statistical studies on recovering schistosome eggs in human feces with repeated MIFC
technique, Jap. J. Parasit., 11 (6), 483-487 (In Japanese with English summary)

Ishizaki, T. (1973): Recent developments in the diagnosis and treatment of schistosomiasis in
Japan, Tokyo J. Med. Sc., 81 (1), 31-43 (In Japanese)

Jordan, P. (1960): Periodicity of ova output and intensity of infection (S. haematobium), Annu.
Rep. 1959-60, E. Afr. Inst. Med. Res., Nairobi, p. 25 (Cited by Jordan, P., 1967)

Jordan, P. (1967): Bilharziasis, 93-103, Springer-Verlag, Berlin, Heidelberg, New York
Kagan, I. G., Kaiser, R. L. and Kent, N. (1966): Comparison of Schistosoma mansoni, S. japoni-
cum, and Trichinella spiralis antigens in skin tests on persons with schistosomiasis mansoni and
haematobium, Am. J. Trop. Med. Hyg., 15 (5), 719-724

Kagan, I. G., Pellegrino, J. and Memoria, J. M. P. (1961): Studies on the standardization of
the intradermal test for the diagnosis of bilharziasis, Am. J. Trop. Med. Hyg., 10 (2), 200-207
Kato, T. and Miura, M. (1954): On the comparison of some stool examination methods, Jap.
J. Parasit., 3 (1), 35 (In Japanese)

McMahon, J. E. (1967): Intradermal test in the diagnosis of Schistosoma mansoni infection, E.
Afr. Med. J., 44 (10), 437440

McMahon, J. E. (1976): Circadian rhythm in Schistosoma haematobium egg excretion, Intern.
J. Parasit., 6 (5), 373-377

Okabe, K., Ono, N., Tanaka, T. and Ikuyama, T. (1960): Comparative studies on several
techniques for detecting the eggs of Schistosoma japanicum in feces, J. Kurume Med. Ass., 23 (4),
1388-1393 (In Japanese with English summary)

Olivier, L. J. (1973): Epidemiology and control of schistosomiasis (bilharziasis), 620-704,
S. Karger, Basel

Onori, E. (1962): Observations on variations in Schistosoma haematobium egg output, and on the
relationship between the average egg output of infected persons and the prevalence of infection
in a community, Ann. Trop. Med. Parasit., 56 (3), 292-296 \

Ota, S. and Sato, S. (1957): Studies on several techniques for detecting helminth eggs, with
special reference to concentration of Schistosoma japonicum ova with MIFC method, Kitakanto
Igaku, 7 (1), 68-71 (In Japanese)

Pellegrino, J., Biocca, E. and Memoria, J. M. P. (1962): A reacao intradermica na esquistos-
somose mansonica. VII. Reacoes cruzadas con antigenos de Schistosoma japonicum e Schistosoma
bovis, Rev. Inst. Med. Trop. Sdo Paulo, 4, 136-139 (Cited by Kagan et al., 1966)

Pesigan, T. P. (1951): Analysis of 4,302 cases of schistosomiasis japonica, J. Philip. Med. Ass.
27 (4), 203-211

Sadun, E. H. and Biocca, E. (1962): Intradermal and fluorescent antibody tests on humans
exposed to Schistosoma bovis cercariae from Sardinia, Bull. Wid Hith Org., 27 (5), 810-814
Sadun, E. H., Lin, S. S, and Walton, B. C. (1959): Studies on the host parasite relationships



180

to Schistosoma japonicum: III The use of purified antigens in the diagnosis of infections in human
and experimental animals, Milit. Med., 124 (6), 428-436

26) Siongok, T. K. A., Mahmoud, A. A. F., Ouma, J. H., Warren, K. S., Muller, A. S., Handa,
A. K. and Houser, H. B. (1976): Morbidity in schistosomiasis mansoni in relation to intensity
of infection: Study of a community in Machakos, Kenya, Am. J. Trop. Med. Hyg., 25 (2),
273-284

27) Stimmel, C. M. and Scott, J. A. (1956): The regularity of egg output of Schistosoma haematobium,
Texas Rep. Biol. Med., 14, 440-458

28) Warren, K. S., Mahmoud, A. A. F., Cummings, P., Murphy, D. J. and Houser, H. B. (1974):
Schistosomiasis mansoni in Yemeni in California: Duration of infection, presence of disease,
therapeutic management, Am. J. Trop. Med. Hyg., 23 (5), 902-909

29) Yokogawa, M. (1974): A symposium on epidemiology of parasitic discases, 83-99, Intern.
Med. Found. Jap., Tokyo

W7 7Vh« =7, 22{RICBIT 3
e b E I BAE DR ER I

Frig KBy - Siongok, T.K. A3 « JI| B AR
R OREHZ-HE MR 4H -2

1974 2 < 2 WK D 3 NEDOERICEARIE & BE, BRRICK 3EMBRHOBREERS, 963
BORERITOOTRIHET - 2. FARIEOHE & LT3 VBS adult S. japonicum antigen (1:10,000
dilution) ZFt>, HELROBRKIIBINEICTRE U, BIIBHERII Jipe 62.2%, Eldoro 68.0%,
Kivalwa 69.6 % Tdh -7z, Jipe TIZEIT S. mansoni, Kivalwa Ti3 S. haematobium Eldoro T i3
TROBENZD Shrz, Eldoro TiZEH & b Likic hINEMAERME o 7225, Jipe & Kivalwa
TR ZRICHIPEHEROFESHRZIBD oMo 7o, RIPBHERII/NETIIER L *iC LR
U, SmEMROMTRAMIGEL, DBREBIED L, RAREOBERIILAT?6.4% T, &
SEERIVEL, NETRANBEEDZHT, FARIGRBOLLRIZL KIEEEITh o1,
BRSPS & 3B U, 100RELEQERTIRSHICE LT, Jipe Tld&t & v Bitick
RAEE RS> - 7228, Eldoro & Kivalwa TREZRBZIDONL D o7, HIIEHED E TIZ
S. mansoni BHE & S. haematobium EHREDEITEARIGDERID SNITh o7,

19754E1T Jipe, Kivalwa, Kuwahoma, Chala QR % RICKE & BR 41T 7, Kuwahoma Tid
S. haematobium DBREHNBH Gz, Chala TREMBHOBRERZHTH >, T OB ST R
KENZN S. mansoni, S. haematobium DBEMBFHITT ZNE, WEOBRLEOWKT T 2 NESEE
THELLEBHER SN, ChoWHBOREMBBEDWT T 2 RO FELWAE N T, KARIGIC
VBS adult S. japonicum antigen %, W, BRRICEINEZHOBIC EBHLMCINT,

1 7=7iIkBTSEMBRBEDOHTE B 1H) AHERRKAKEAFEETERTTICNT 5 XHERSL
PRRICLOITON, 2 RWAEBFEZHAFFENEEM 3 7 =7 HEREAREEF
ERBWHEMRERN 4 WHKFEESERENAZSESNEH LR



Japan. J. Trop. Med. Hyg., Vol. 6, No. 3, 4, 1978, pp. 181-193 181

HOST SNAILS OF HUMAN SCHISTOSOMIASIS IN
THE TAVETA AREA OF KENYA, EAST AFRICA®

Hisatake Nojima2, Dasuke Katamined, KENjIRO KawasHiMAY,
Yasuo Nakajma3, Jun-icar ImaB, MakoTo SAKAMOTO?,
Masaakl SHIMADAS AND MicHIAKI MIYAHARA*

Received for publication 1 August 1978

Abstract: The present study was carried out in the permanent water streams of
Lumi River, Irrigation Furrow and Lake Jipe in the Taveta area, Coast Province, Kenya
during the dry seasons of 1974 and 1975, and the experimental infection was made at
laboratory in Japan.

Freshwater snails collected in the Taveta area were as follows: Biomphalaria pfeifferi
(Krauss), B. sudanica (Martens), Bulinus globosus (Morelet), B. tropicus (Krauss), B. forskalii
(Ehrenberg), Lymnea natalensis (Krauss), Ceratophallus natalensis (Krauss), Segmentorbis angustus
(Jickeli), Gyraulus costulatus (Krauss), Bellamya unicolor (Olivier) and Melanoides tuberculata
(Miiller).

B. pfeifferi was commonly found in river and irrigation canal, whereas B. sudanica only
in lake. Natural infection of Schistosoma mansoni was found in B. pfeifferi, but not in B.
sudanica. Both the two species were experimentally proved to be suitable intermediate
snail hosts of S. mansoni. Therefore it was indicated that B. pfeifferi is the host snail of
S. mansoni in the endemic area along river and irrigation canal while B. sudanica is sus-
pected of playing the role in the transmission of S. mansoni in lakeshore.

B. globosus was commonly found in irrigation canal. Around 10 per cent of the snails
proved to be naturally infected with S. haematobium on the conditions that many snails
occurred. This snail was also experimentally proved to be susceptible to S. haematobium.
B. forskalii was widespread, but the snail density seemed to be low. B. tropicus is well
known as the not-intermediate snail host of S. haematobium. Therefore there might be a
possibility to contribute only by B. globosus to the transmission of §. haematobium in this

.area.

INTRODUCTION

Schistosoma mansoni and S. haematobium are endemic in the Taveta area of Kenya
located at the base of Mt. Kilimanjaro. Katamine et al. (1978) studied in detail the
prevalence of schistosomiasis in some villages in this area and demonstrated that there

1 Studies on Schistosomiasis in Kenya, East Africa (Report 2) conducted by Schistosomiasis Research
Team (Leader: D. Katamine), Institute for Tropical Medicine, Nagasaki University and Kenyan
Counterparts, supported by a Scientific Research Grant from the Ministry of Education, Japan.
2 Department of Parasitology, Institute for Tropical Medicine, present address: Department of
Medical Zoology, Faculty of Medicine, Kagoshima University, Kagoshima, Japan. 3 Department
of Parasitology, Institute for Tropical Medicine, Nagasaki University, Nagasaki, Japan. 4 Labora-
tory of Medical Zoology, School of Health Sciences, Kyushu University, Fukuoka, Japan.
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are a village where . mansoni is highly endemic, two villages where S. haematobium is
highly endemic, a village where both the two schistosomes are endemic and a village
where schistosome infection is rare. The same authors suggested that the fact
mentioned above would be mainly influenced by the distribution of host snails of
schistosomiasis in this area.

Up to the present the species and distribution of freshwater snails in Kenya and
adjacent territory have been reported by Mozley (1939), Teesdale (1954), Mandahl-
Barth (1954, 1962) and Brown (1974), and the records of snail collections in the
Taveta area were found in only two reports by Teesdale (1954) and Brown (1974,
personal communication).

'The work reported here was undertaken as a part of the research programme on
the epidemiology of schistosomiasis in the Taveta area to clarify the distribution of
host snails of schistosomiasis, and to establish their roles in existing transmission
patterns in this area.

WATER SYSTEM IN THE TAVETA AREA

The Taveta area is located 180 km inland from the east coast in Coast Province
of Kenya just near the boundary of Tanzania. The climate is of periodically dry
savanna with an average annual precipitation of 700 mm and the altitude is around
720 m above sea level. The room temperature at the laboratory frequently rose
above 30 C in the daytime and sometimes fell below 20 C at night during the stay
in this area.

The permanent water streams, which many inhabitants naturally use for their
lives, may be conveniently divided into the following three sections:

1. Lumi River

This river is separated into the three not-joining courses of which the upper one
runs from Mt. Kilimanjaro and soon goes underground, of which the middle one
runs from north Chala to Timbila where it also goes underground, and of which the
down one runs to Lake Jipe. The middle course originates from the big spring and
the down one originates from Njoro Kubwa Spring, which is as far as a hundred
meters from the end of the middle course and is ten times bigger than the former
spring. 'Therefore the courses of Lumi River may be not directly connected in turn
even during the rainy season. A part of numerous water from Njoro Kubwa Spring
is supplied for Irrigation Furrow too.

2. Irrigation Furrow

Water source of this irrigation is the same as that of the down course of Lumi
River mentioned above. It runs through Kivalwa up to Eldoro and Kitovo in order
to supply water to sisal estate and to inhabitants. It gradually slows down and
drys up at Eldoro and Kitovo.

3. Lake Jipe

Seasonal fluctuation of water level may be more than 200 cm. Main vege-
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tations of the lakeshore consist of around 10 m in width dried zone of rush and almost
50 m in width swamp zone of papyrus.

MATERIALS AND METHODS

The present observations were made from September to December of 1974 and
from August to November of 1975. A part of the experimental studies were done
in Japan.

Snail collection: Snails were collected at random at 19 places in the permanent
water streams of spring, Lumi River, Irrigation Furrow and Lake Jipe (Figure 1).
Snail collection was made by hand or snail scoop. The surface temperature of
water and other information were recorded when snails were collected. The
typical snail samples were identified by Dr. D. S. Brown of British Medical Council,
Kisumu in 1974.

Natural infection of snails with schistosome: The snails collected were brought
to the laboratory and examined individually for schistosome infection in well water
in small dishes (18 mm in diameter) which were placed for 5 hours under diffused
sunlight.  Identification of schistosome cercariae was difficult, because sufficient
numbers of laboratory hamsters or mice were not available. Therefore, the limited
numbers of hamsters or mice were exposed to schistosome cercariae pooled from some
infected snails.

Experimental infection of snails with schistosome: Biomphalaria pfeifferi and
B. sudanica used in the experimental infection were collected from the places where
none of naturally infected snails with S. mansoni were found. They were examined
by shedding method for schistosome infection at least 3 times at one week interval
before use for experiment. Bulinus globosus used in the infection experiment was
new offspring reared in laboratory. B. tropicus used was from Lake Jipe. The
snails were exposed to different numbers of miracidia of S. mansoni and S. haematobium
obtained from human infection, respectively. Each snail was kept in the small
dish with 2 m/ of water and miracidia for 5 hours. After the exposure of the snails
to miracidia, they were maintained in the air-circulating water aqualium with
mud-sand filter. The water temperature in an aqualium at laboratory in Taveta
was 24-26 C in spite of around 10 C of variation in the room temperature in a day,
whereas in Japan it was adjusted to 23-24 C or 25-26 C.

REesuLTs

1) Species and distribution of freshwater snails:

Species of freshwater snails collected are as follows; Biomphalaria pfeifferi
(Krauss), B. sudanica (Martens), Bulinus globosus (Morelet), B. tropicus (Krauss), B.
Sorskalii (Ehrenberg), Lymnea natalensis (Krauss), Ceratophallus natalensis (Krauss),
Segmentorbis angustus (Jickeli), Gyraulus costulatus (Krauss), Bellamya unicolor (Olivier)
and Melanoides tuberculata (Miller). Among them, Biomphalaria and Bulinus snails
would be considered as the hosts of schistosomiasis. The distribution of these
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snails are shown in Table 1. B. pfeifferi was commonly found in many places such as
5-12, 16, 17 and 18, indicating that this snail occurs in Lumi River and in Irrigation
Furrow, while B. sudanica occurs in Lake Jipe (19). B. globosus was commonly found
in Irrigation Furrow (16, 17, 18) and B. tropicus occurs in both irrigation (17) and
lake (19). Although B. forskalii was widespread, the number of snails collected was
rather small in any places (5, 17, 19) (Figure 1, Tables 1 and 2).

Table 1 Freshwater snails in the Taveta area

Snail Species River Irrigation (Kiva- Lake

(Lumi) Iwa, Eldoro, Kitovo) (Jipe)
Biomphalaria pfeifferi (Krauss) ++ H 0
B. sudanica (Martens) 0 0 Ht
Bulinus globosus (Morelet) 0 1 0
B. tropicus (Krauss) 0 + H
B. forskalii (Ehrenberg) + + +
Lymnea natalensis (Krauss) + ++ ++
Ceratophallus natalensis (Krauss) 0 + HH
Segmentorbis angustus (Jickeli) 0 0 +
Gyraulus costulatus (Krauss) 0 + 0
Bellamya unicolor (Olivier) 0 0 ++
Melanoides tuberculata (Miiller) + + +

found not (0), sometimes (+), easily (+}) and commonly (}1})

2) Natural infection of Biomphalaria snails with schistosome:

Results of the investigations are summarized in Table 2. Fourteen out of 238
B. pfeifferi from Lumi River (Timbila, 11) were proved to be naturally infected with
mammalian schistosome cercariae which were identified as S. manson: by infection
experiment in mice. However, all B. pfeifferi collected from any other places of
Lumi River were negative for schistosome. One out of 1,505 B. pfeiffer: from ir-
rigation (Eldoro, 17) was also proved to be naturally infected with S. mansoni. Al-
though B. sudanica was wide-spread in papyrus swamp along the lakeshore of Lake
Jipe, all showed negative results for schistosome.

3) Natural infection of Bulinus snails with schistosome:

Results of the investigation are also summarized in Table 2. In different places
of Irrigation Furrow such as Kivalwa (16), Eldoro (17) and Kitovo (18), B. globosus
proved to be naturally infected with mammalian schistosome cercariae, some of which
were all identified as S. haematobium by exposing laboratory hamsters and mice. The
positive rates in this snail showed 8.0 per cent in Kivalwa (16), 12.0 per cent in
Eldoro (17), and 4.7 per cent in 1974 and 14.4 per cent in 1975 in Kitovo (18), re-
spectively. Around 10 per cent of snails were positive for S. haematobium on conditions
that many B. globosus snails occurred. B. forskalii and B. tropicus were not proved to be
naturally infected with schistosome.
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Table 2 Local distribution and natural infection of Biomphalaria and Bulinus snails in

the Taveta area

Snail No.

No. (%) infected with

li - Tem. . Other
Locality © species exam. Schisto. trematoda
Lumi river
Upper course
(1), (2), (3) 22-24 C no snail
Middle course
(4) Chala big spring 18 C no snail
(5) 185 C B.p 50 0 0
B. f. 43 0 0
(6) 220C B.p 90 0 0
(7) 23.0C ” 10 0 0
(8) Chala small spring 240 C ” 19 0 0
(9) 245 C ” 14 0 0
(10) 26.0 C ” 37 0 0
(11) Timbila 26.5 C ” 238 14 ( 5.9) 0
(12) 27.0C ” 20 0 0
Lower course
(13), (14), (15) 22-24 C no snail
Irrigation Furrow
Kivalwa
(16) 22-24 C B.p 15% 0 3 (20.0)
” 2 0 0
B. g 562* 45 ( 8.0) 48 ( 8.5)
” 4 0 0
Eldoro
(17) 28-29 C B.p 56* 0 1(1.8)
” 1,505 1(0.1) 181 (12.0)
B.g. 75% 9 (12.0) 0
7 4 0 0
B.f. 59% 0 0
B.t 59% 0 1(1.7)
” 33 0 0
Kitovo
(18) 28-29 C B.p 43* 0 4 (9.3)
” 227 0 11 ( 4.8)
B.g 43* 2 (47 1(2.3)
” 605 87 (14.4) 1(0.2)
Lake Jipe
(19) Kilometa-Saba 26-28 C B.s. 131* 0 3(2.3)
” 422 0 7(L7)
B.f. 1 0 0
B.t 41* 0 6 (14.6)
” 48 0 0
B. p.: Biomphalaria pfeifferi * 1974

B.s.: B. sudanica
B. g.:  Bulinus globosus
B. t.:  B. tropicus
B.f.:  B. forskalii
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4) Experimental infection of Biemphalaria snails with S. mansoni:

Results of the experiments are shown in Tables 3 and 4. In the experimental
exposure of B. pfeifferi and B. sudanica to S. mansoni miracidia, both the two species of
snails proved to be very susceptible to S. mansoni. The exposure of B. pfeifferi to a
single miracidium showed 67 per cent in the positive rate, but the exposure of B.
sudanica to the same dose showed negative result. The exposure of B. pfeifferi to 3
miracidia showed 100 per cent in the positive rate, and also the exposure of B. sudanica
to 5 miracidia did 100 per cent. S. manson: cercariae were recognized from B. pfeifferi
30-34 days after exposure and from B. sudanica 34—42 days at 24-26 C.

Table 3 Experimental infection of B. pfeifferi with different numbers of §.
mansoni miracidia

No. of No. of No. (%) No. (%) _Cercarial
snails miracidia surviving <N incubation
exposed per snail 30-46 days positive period (days)
10 1 6 (60) 4 (67) 32
9 3 6 (67) 6 (100) 30-32
8 5 4 (50) 4 (100) 30-32
20 5 18 (90) 18 (100) 1-34
9 10 5 (56) 5 (100) 32
10 20 7 (70) 7 (100) 32-34

Water temperature: 24-26 C

Table 4 Experimental infection of B. sudanica with different numbers of S.
mansoni miracidia

No. of No. of No. (%) No. (%) Cercarial
snails miracidia surviving oéitivoe incubation
exposed per snail 3446 days p period (days)

10 1 7 (70) 0 —

10 3 6 (60) 4 (67) 34-42
9 5 6 (67) 6 (100) 34-40
10 10 4 (40) 4 (100) 3642
10 20 7 (70) 7 (100) 3640

Water temperature: 24-26 C

5) Experimental infection of Bulinus snails with S. haematobium :

Results of the experiments are shown in Table 5. In the experimental exposure
of B. globosus and B. tropicus to S. haematobium, the former proved to be susceptible,
but the latter showed negative for infection. The exposure of adult B. globosus
(11-12 mm shell height) to a single miracidium showed negative result, but 10, 30 and
40 per cent of the adult snails were able to be infected when they were exposed to
3, 5 and 10 miracidia respectively. It seems that at least 20 miracidia are needed



188

to infect all of adult B. globosus. On the other hand, the exposure of young B. globosus
(2.5-8.5 mm shell height) to 5 miracidia showed 100 per cent in the positive rate.
S. haematobium cercariae were recognized 88-93 days after exposure at 23-24 C, and
44-48 days at 25-26 C.

Table 5 Experimental infection of Bulinus snail with S. haematobium

Snail No. of No. of No. (%) No. (%) _Cercarial
species snails  miracidia  Temp. surviving Y incubation
(size) exposed  per snail 44-126 days positive period (days)
10 1 23-24 C 9 (90) 0 (0
B. globosus 10 3 10 (100) 1 (10) 89
(11-12 mm 10 5 10 (100) 3 (30) 86
shell height) 10 10 10 (100) 4 (40) 88-93
10 20* 25-26 C 9 (90) 9 (100) 44-48
B. globosus 33 5* 25-26 C 26 (79) 26 (100) 4446
(2.5-8.5 mm)
B. globosus 22 5% 17 (77) 4 (24) 44-48

(11.5-14.5 mm)

B. tropicus 26 10-20 24-26C 18 (69) 0 (0)

*: Miracidia were hatched from feces of infected hamster with . haematobium originating
human infection.

DiscussioN

It was impossible in this study to make quantitative observations on the snail
population and schistosome infection rates of the snails in any water streams, because
of random surveys during a short period. However this study indicates the possible
transmission pattern of schistosomiasis in waters in the Taveta area.

It is quite natural and well known that water connection directly influences the
spread, distribution and redistribution of host snail of schistosomiasis. The permanent
water streams in the Taveta area would be classified into the following sections due
to water connection; the upper course of Lumi River, the middle course of Lumi
River, the down course of Lumi River, Irrigation Furrow, and Lake Jipe. No host
snail was collected in any place surveyed of the upper course of Lumi River (1, 2, 3 in
Figure 1 and Table 2) and the down course of Lumi River (13, 14, 15). In the
down course of Lumi River, plenty and rapid water stream refuses snail habitat.
In the upper course, there is a temporary increase of water stream during the rainy
season, but water conditions would not be unfavorable for snail habitat during the
dry season. On the other hand, host snails were collected in 12 places of the middle
course of Lumi River, Irrigation Furrow and Lake Jipe where are stagnant waters.
The snails are able to grow up and reproduce in places such as stagnant waters, and
would be widely redistributed from there.

In general, irrigation is typical permanent water stream and the use of irrigation
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to expand agricultural productivity is likely to increase the prevalence and incidence
of schistosomiasis. Webbe (1963) concluded that the snails do not thrive well in well
maintained irrigation canals, but that conditions encountered in many irrigation
schemes, including low-gradient canal systems with slit and vegetation, unsatisfactory
water management schedules employed for conveyance systems, poor drainage
channels with night storage dams and temporary pools, provide suitable habitats for
the snails. Irrigation Furrow in the Taveta area quite coincides in such conditions.
Recently Choudhy (1975) also claimed the risk of irrigation for the prevalence
and incidence of schistosomiasis in Kenya as have been reported by many workers
(Sturrock, 1965, 1966; Webbe, 1963; Webbe and Jordan, 1966; McCullough
et al., 1968; Highton, 1974) in East Africa.

Much information has not been given about natural infection rates of Bio-
mphalaria snails, because naturally infected snails were rarely found in the field.
A few workers including Gordon et al. (1934) and Teesdale (1962) reported O to 30
per cent (usually around 39, or low) in natural infection rates of B. pfeifferi with
S. mansoni. Prentice (1970) concluded that it was very difficult to find naturally
infected B. sudanica (none out of 245,000), but exceptionally Magendantz (1972)
reported relative high infection rates (0.5 to 7.79,, average 1.69,) in the same Lake
Victoria. In the present study, 5.9 per cent of B. pfeiffer: collected from Lumi River
(Timbila ,11) and 0.1 per cent of the same snail from Irrigation Furrow (Eldoro, 17)
proved to be naturally infected with S. mansoni, whereas, naturally infected B. sudanica
failed to be found out in Lake Jipe. :

Most workers have found out naturally infected B. globosus, and some workers
including Blacklock and Thompson (1924), Hira and Muller (1966) and Paperna
(1968) reported that natural infection rate was relatively high (mostly higher than
5%, and it temporarily rose nearly 50 per cent. In this study, around 10 per cent
of B. globosus from Irrigation Furrow proved to be naturally infected with
S. haematobium on the conditions that many snails occurred. A rise in percentage of
B. globosus infected with S. haematobium as the snail density increases was also recognized
in Irrigation Furrow. This fact was already reported by Teesdale and Nelson (1958),
Webbe (1962) and Hira and Muller (1966).

Up to the present, natural infection of B. forskalii with S. haematobium has never
been found in the field, in spite of numerous snail surveys previously reported. In
this study, none out of 103 B. forskalii was infected with S. haematobium.

The relationships between the number of miracidia exposed to snail and the
infection rate have been reported by many earlier workers. In the experimental
infection of B. pfeifferi, 60 to 100 per cent of the snails were infected with S. mansoni
when the snail was exposed to 10 miracidia (Cridland, 1955), and when the snail
was exposed to 3 miracidia (Prentice et al., 1970). In the experimental infection of
B. sudanica, 52 per cent of the snails were infected with . mansoni when the snail was
exposed to 8 miracidia (McClelland, 1962), and 16 and 41 per cent of the snails were
infected when exposed to 3 and 10 miracidia respectively (Prentice, 1970). In the
present study, the exposure of B. pfeifferi to 3 miracidia of S. mansoni and the exposure
of B. sudanica to 5 miracidia showed 100 per cent in the positive rate. The exposure
of B. pfeifferi to a single miracidium showed highly 67 per cent in infection rate,
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whereas the exposure of B. sudanica to the same dose showed negative result. These
experimental infection rates obtained in this study seem to be higher than the results
in the previous papers mentioned above.

As regards to the age resistance of host snails to schistosomes, Archibald and
Marshall (1932) noticed that young B. truncatus was more susceptible to S. haematobium
than the adult snail. And Moore et al. (1953), Chu et al. (1966a), Sturrock (1967)
and Lo (1972) recongnized this phenomenon in their experimental studies of B.
truncatus, B. truncatus, B. nasutus productus and B. guernei, respectively. Webbe and
James (1972) got 47.1, 55.8 and 96.0 per cent of high infection rates in the experiment-
al infections of young B. globosus (4-5 week age, 5-6 mm) with 1, 3 and 7 miracidia
of S. haematobium, respectively. In this study, the exposure of young B. globosus
(2.5-8.5 mm) to 5 miracidia showed 100 per cent in the infection rate, but at least
20 miracidia were needed to infect all of adult B. globosus snails. In the exposure of
Bulinus snail to different numbers of miracidia, it has been reported that an increase
in infection rate occurred as the snails were exposed to an increasing number of
miracidia (McClelland, 1965; Chu et al., 1966b; Lo, 1972; Webbe and James,
1972). In this study. the exposure of adult B. globosus (11-12 mm) to 1, 3, 5, 10 and
20 miracidia showed 0, 10, 30, 40 and 100 per cent in infection rate respectively. In-
fection rate of B. globosus increased with numbers of miracidia of S. haematobium.

B. pfeifferi was found to be naturally infected with S. mansoni in the middle course
of Lumi River and in Irrigation Furrow, and this snail was easily infected experimen-
tally. This fact seems to show that the transmission of S. mansoni may take place
in some places of the middle course of Lumi River and of Irrigation Furrow. No
naturally infected B. sudanica with §. mansoni was found from the field in Lake Jipe,
but the snail was proved to be susceptible to S. manson: originating human infection.
Papyrus swamp of Lake Jipe was the main habitat of B. sudanica. Therefore, it would
be suggested that the transmission of S. mansoni by B. sudanica takes place there in
Lake Jipe.

B. globosus was found to be naturally infected with S. haematobium in Irrigation
Furrow, and this snail was easily infected experimentally, especially when the snail
was young. This fact seems to show that the transmission of S. haematobium takes
place in any place of Irrigation Furrow. B. forskalii was widespread, but the snail
density seems to be low. B. tropicus is well known as the not-intermediate snail host
of §. haematobium. Therefore, there might be a possibility to contribute only by B.
globosus to the transmission of . haematobium. ,

It was concluded that Biomphalaria pfeifferi, B. sudanica and Bulinus globosus are the
most important species in the transmission of schistosomiasis in the Taveta area.
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(Krauss), B. sudanica (Martens), Bulinus globosus (Morelet), B. tropicus (Krauss), B. forskalii
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vier) Melanoides tuberculata (Miiller) T&% % .
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Abstract: These investigations were carried out in some of the villages around
Taveta Town, Coast Province, Kenya, during the dry seasons of 1974, 1975 and 1976.
The authors examined 83 wild rodents from villages where there is a high infection rate
of 8. mansoni andjor S. haematobium. The number and species of the rodents collected
were as follows: 41 Pelomys sp., 2 Arvicanthis sp., 6 Dendromus sp., 5 Thamnomys sp., 1 Rattus
rattus from Jipe, 4 Pelomys sp., 3 Arvicanthis sp., 3 Mastomys sp. from Eldoro, 1 Pelomys sp.,
10 Arvicanthis sp., 7 Mastomys sp. from Kivalwa. Among them, 18 Pelomys sp. (43.9%)
from Jipe and 1 Pelomys sp. (25.0%) from Eldoro proved to be infected with Schistosoma
flukes. These flukes were identified as S. mansoni on the basis of their morphological
features as well as the infectivity to their transmitters. In the experimental exposure of
Biomphalaria sudanica to miracidia obtained from Pelomys sp., a number of cercariae were
observed. This snail also proved to be infected with S. mansoni from human infection.
From these investigations, it was suggested that the creek rodent, Pelomys sp. may play
the role as a reservoir host of Schistosoma mansoni in this area.

INTRODUCTION

For a long time it was generally believed that in Africa the transmission of
Schistosoma mansoni and S. haematobium was entirely interhuman. However, in 1952
a schistosome of man was found by Kuntz in a rodent and this stimulated a great deal
of laboratory and field investigations on rodents as reservoirs of human schistosomiasis
in Africa.

According to the reviews by Nelson (1960) and Nelson et al. (1962), a variety of
wild animals including wild rodents have been found naturally infected with S.
mansoni or S. haematobium, but up to the time of the present investigation there was no

1 Studies on Schistosomiasis in Kenya, East Africa (Report 3) conducted by Schistosomiasis Re-
search Team (Leader: D. Katamine), Institute for Tropical Medicine, Nagasaki University and
Kenyan Counterparts, supported by a Scientific Research Grant from the Ministry of Education,
Japan. 2 Laboratory of Medical Zoology, School of Health Sciences, Kyushu University, Fukuoka,
Japan. 3 Department of Parasitology, Institute for Tropical Medicine, Nagasaki University,
Nagasaki, Japan. 4 Department of Medical Zoology, Faculty of Medicine, Kagoshima University,
Kagoshima, Japan.
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evidence to suggest that rodents played a part in the transmission of human
schistosomiasis in Africa.

During the dry seasons of 1974, 1975 and 1976, the authors carried out field and
experimental investigations on the role of wild rodents as reservoirs of human
schistosomiasis in the Taveta area of the Coast Province of Kenya. The present
paper reports the results of these investigations and records a high infection rate of
S. mansoni in wild rodents.
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Figure 1 Map of the Taveta area, Coast Province, Kenya showing the locations of villages studied,
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MATERIALS AND METHODS

Most of the wild rodents were captured by cage traps in the papyrus swamp
along the Lake Jipe shore (Figure 1). The traps were also set in the sugar cane
field along the irrigation canals in the villages Kivalwa and Eldoro.

The technique used in examining the rodents in 1974 was to crush the liver and
portal veins between glass plates under a dissecting microscope to search for adult
schistosome flukes and to crush pieces of liver and intestine between slides and examine
them with a higher objective for eggs.

In 1975, the wild rodents were anaesthetized with Nembutal and the adult
schistosomes were perfused from the portal veins and livers with citrated saline.
The adults obtained were washed in saline and then fixed in Bouin’s solution with
slight pressure under a cover slip at the room temperature. These adults were
preserved in 70 per cent ethanol. After sending them to Japan, they were stained
with Carmine and mounted.

In order to collect the eggs of the schistosomes, the liver and intestine of the
rodent were washed with saline and homogenized. After separating the residues,
they were washed several times. The residues were examined under a dissecting
microscope and the eggs were collected with a Pasteur pipette. These eggs were
measured and compared with those from human infections.

Miracidia were hatched from the eggs obtained from the infected rodents, and
were exposed to Biomphalaria sudanica that originated from Lake Jipe.

REsuLTs

(1) Natural infection of wild rodents with schistosome

The results of the field investigation are summarized in Table 1. As shown in

Table | Natural schistosome infections in wild rodents in the Taveta area

1974 1975 Total
Species of Villages

rodent surveyed No. ex- No. in- (%) No. ex- No.in- (%) No. ex- No. in- (%)

amined fected amined fected amined fected
Pelomys sp. Jipe 27 12 (44.4) 14 6 (42.9) 41 18 (43.9)
Kivalwa 1 0 (0) 1 0 0)
Eldoro 4 1 (25.0) 4 1 (25.5)
Arvicanthis sp.  Jipe 2 0 0) 2 0 (0)
Kivalwa 10 0 (0) 10 0 (0)
Eldoro 3 0 (0) 3 0 (0)
Mastomys sp. Kivalwa 7 0 (0) 7 0 (0)
Eldoro 3 0 (0) 3 0 (0)
Dendoromus sp.  Jipe 6 0 (0) 6 0 0)
Thamnomys sp.  Jipe 3 0 (0) 2 0 (0) 5 0 0)
Rattus rattus Jipe 1 0 0) 1 0 0)
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Table 2 Summarized data of the positive cases of naturally infected creek rodent, Pelomys

sp. with schistosomes in 1975

Eggs in Eggs in Adults found

Rodent No. Date captured  Date autopsied facces Tver
10%* Sept. 4 Sept. 5 — — 45
15%# Sept. 7 Sept. 7 — — 1a
21* Sept. 14 Sept. 14 — + 45,3¢2
28% Sept. 17 Sept. 17 — + 238,29
S-3* Oct. 8 Nov. 5 + + 28,22
S—6* Oct. 16 Nov. 11 + + 85,22

* captured from Jipe. ** captured from Eldoro.
Faecal examination was done at the date autopsied.

this Table, only the creck rodent, Pelomys sp. proved to be infected with schistosomes.
During the two periods of observation, 18 out of 41 (43.99%,) Pelomys sp. collected
from the Lake Jipe shore were infected with S. mansoni and one out of four from
Eldoro. Table 2 shows the number and sex of flukes recovered in six infected
Pelomys sp. in 1975.  The largest number of adult flukes was 10 (8 &, 2 @) and the
smallest was one (1 &). It should be noted that the results of faecal examination
of infected Pelomys sp. with schistosomes were negative for viable eggs until October
and were positive after that. Other wild rodents such as Arvicanthis sp., Mastomys
sp., Dendromus sp., Thamnomys sp. and the house rat, Rattus rattus were all negative for
Schistosoma infection.

(2) Diagnostic features of schistosome found in Pelomys sp.

Adult flukes (Figures 2 and 3): The intestine of the male divides immediately
posterior to the oesophageal gland into two intestinal crura which reunite to form a
single caecum at approximately two-fifth or two-sixth of the total length of the
intestine from the anterior end of the fluke. The number of testes is five to seven.
In the female, the ovary lies in the anterior half of the body. Only one egg at a time
is found in the uterus.

- Eggs (Figure 4): The majority of eggs recovered from liver, intestine or faeces
of the rodents are generally oval in shape and bear a lateral spine. The length and
width of the 100 eggs averaged 143.2412.19 microns and 57.74-6.58 microns,
respectively. The measurements of the eggs of schistosomes found in Pelomys sp.
and those of S. mansoni from human infections are shown in Table 3. The differences
of length and width of the eggs are not statistically significant.

Finally, these flukes found in Pelomys sp. were identified as S. manson: on the basis
of the morphological features of the adults as well as those of the eggs.

(3) Experimental infections of snails and hamsters with schistosome found in Pelomys
- sp.
" B. sudanica experimentally exposed to miracidia obtained from the eggs of S.
mansoni parasitic in Pelomys sp. were transferred to Japan and observed. Two of the
three snails which survived 56 days after exposure produced S§. mansoni cercariae
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Figure 2 Adult S. mansoni (female) from wild Pelomys sp. (Scale 1.0 mm).

Figure 3 Adult S. mansoni (male) from wild Pelomys sp. (Scale 1.0 mm).

Figure 4 Eggs of S. mansoni from wild Pelomys sp. (Scale 10 microns).

Figure 5. Eggs of S. mansoni from the patient in the Taveta area (Scale 50 microns).

which were used to infect hamsters. Table 3 Mean and standard deviation
Sixty-three days after exposure, the eggs of measurements of the eggs of
of S. mansoni appeared in the faeces of §. mansoni from rodent and hu-
the infected hamsters. The results of man infections (in microns)
these experiments prove that S. manson: Eggs from Eggs from
obtained from Pelomys sp. is infective to (;Oii%tg) (ﬁ‘;ﬁi?)&
B. sudanica and also to hamsters. At the

same time, wild rodents were exposed Length  143.2+12.19  140.14:10.47
to S. mansoni cercariae originating from Width . 57.7+ 6.58  58.34: 5.45

human infections. In this experiment,
one Pelomys sp. became infected. It was also shown that ‘B. sudanica was susceptible
to S. mansoni derived from human infection. ‘

Discussion

In Africa two species and one variety of Schistesoma in the group with lateral
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spined eggs have been reported: these are S. mansoni Sambon, 1907 and S. rodhaini
Brumpt, 1931. S. rodhaini is common in rodents (Stijns, 1952; Schwetz, 1954),
although it has never been found in human beings. According to the description of
the eggs of S. rodhaini by Fripp (1967), the majority of eggs of S. rodhaini recovered
from the liver, intestine or faeces of the mammalian hosts are generally oval and
bear a prominent terminal or slightly subterminal spine usually directed laterally,
with the angle of the direction varying from 0 to 90° to the long axis of the eggs, and
at the opposite end of the eggs is a short blunt tubercle which may be straight or
occasionally absent, but usually bends in a direction opposite to that of the spine.
Schistosomes found in the rodents in the present study are distinguished from .
rodhaini by the shape of the eggs which are characteristic for typical S. mansoni.
Schwetz (1953) found a new schistosome in wild rodents from the Albertville area of
the former Belgian Congo and named it as S. mansoni var. rodentorum. This fluke
produces lateral spined eggs similar to those of S. mansoni from which it is distinguished
by several features. The differences were summarized by Schwetz (1953) as follows:
in general appearance the eggs are elongated and sometimes slightly twisted, with
one end rounded and the other narrowed. The spine bears near — sometimes
very near — to the rounded end. The notch between the base of the spine and the
body of the egg is distinct and is often wide and deep. Although some of the eggs
in the present study were similar to those of S. mansoni var. rodentorum, living miracidia
were not recognized in any of them (Figures 4a, b), and the eggs of normal appearance
including living miracidia were identical in shape with those typical of S. mansoni
(Figures 4 and 5 expect 4a, 5). It seems that the egg of . mansoni var. rodentorum
might be an abnormal form of . mansoni parasitic in rodents. In fact, Schwetz
(1956) has already noted that S. mansoni var. rodentorum might be S. mansoni parasitic
in rodents. Teesdale and Nelson (1958) also considered that . mansoni var. roden-
torum is nothing other than §. mansoni in rodents. According to the study by Taylor
(1970), hybridisation occurred readily between S. mansoni and S. rodhaini, and the
hybrids produced eggs which showed clear hybrid inheritance. The eggs of
schistosome in the present study were not like those of the hybrids. As shown in
Table 3, there were no differences in the sizes of the eggs of S. mansoni between human
and rodent infections. Moreover, the morphological features of the adult flukes of
schistosomes found in the rodents in the present study were identical with those of
$. mansoni originating from human infection. Finally the flukes found in the rodents
in the present study were identified as S. mansoni based on their morphology as well
as their snail hosts.

In Kenya, Nelson (1960) examined 226 rodents from the endemic areas of
schistosomiasis mansoni and schistosomiasis haematobia, and found a single male
schistosome of the S. mansoni type parasitic in only one rodent, a Dasymps. He con-
cluded that the evidence from Africa suggested that rodents played very little part
in the transmission of human schistosomiasis. ~According to Nelson’s opinion (1960),
the few positive findings were usually “dead end” infections indicating an occasional
zooanthroposis with man as the maintenance host and the rodent as an incidental
host. In 1962, Nelson et al. reviewed the results of further surveys of the natural
infection of rodents with schistosomes in Kenya where they examined more than
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1,000 rodents. According to their study, S. manson: was found in one out of 63 Otomys,
two out of 250 Mastomys and one out of four Dasymys. S. rodhaini was found in one out
of 60 Thallomys and two out of ten Lophuromys. Moreover, S. bovis was found in one
Mastomys and three Lophuromys. Again, the low natural infection rate found in the
rodents suggested that they were of no importance as reservoirs of human schistosomia-
sis in Africa. However, they concluded that since rodents can maintain S. rodhaini
in isolated foci the examination of more swamp rodents might reveal active foci of
rodent transmitted S. mansoni in Africa. The same authors were evidently uncertain
of the role of baboons as true maintenance hosts of S. mansoni, even though high
prevalence rates were recorded in Kenya and Uganda. Subsequent studies by
Fenwick (1969) in Tanzania have shown that baboons can maintain the infection in
their own community and are the source of infection to man. According to the study
by Schwetz (1954) in the former Belgian Congo, schistosomiasis of rodents is chronic
and seems to be of low virulence and he suggests that rodents were infected for
ages before man appeared and that they came to tolerate their schistosomiasis. When
man began to frequent the same watercourse and was exposed to infection, the chronic
infection seen in rodents became an acute infection in the human host. This hy-
pothesis was not supported by Pitchford and Visser (1962) who investigated the role
of naturally infected wild rodents in the epidemiology of schistosomiasis in the Eastern
Transvaal. Although they found schistosomiasis in rodents in a highly endemic
area in their initial investigation, the original 22 per cent infection rate dropped
until eventually it was extremely difficult to find any infected rodents two years later.
They concluded that rodents seem incapable of maintaining S. manson: infection with-
out additional human pollution. In the present study, it is still not clear whether
man contributes to the presence of S. mansom: in rodents or whether rodents can
maintain S. mansoni in the absence of man, but high infection rate of S. mansoni among
the creek rodent, Pelomys sp. and its ability to pass viable eggs in the faeces suggest
that this rodent may serve as a reservoir of human schistosomiasis mansoni in this
particular area. These observations suggest that further studies would be of value to
determine the role of the creek rodent in the transmission of S. mansoni to man.
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Giardiasis is a neglected disease raising little interest among most members of the
medical profession. From time to time, however, publications suggest that giardiasis
is more pathogenic than generally believed, but the attention is brief and this para-
sitosis falls back into semi-oblivion.

This leads to long delays in making the correct and accurate diagnosis. In his
study of 28 cases Petersen (1972) notes that the diagnosis was made within one month
in one case only, between one and twelve months in nine cases and from one to five
years in eighteen cases (64.29%,).

We see three main reasons for this lack of interest: firstly the clinical signs and
symptoms are often mild, various and difficult to correlate with the presence of
Giardia lamblia. Secondly, the diagnosis is often not made unless one looks carefully
and repeatedly for the parasite in the stools or the duodenal juice. Thirdly, the
treatment, until recent years, was troublesome and one frequently wondered whether
it was not worse than the disease itself!

In this paper we propose 1) to describe the main features of the disease, 2) study
the correlation with the malabsorption syndrome characterized by a defect in fat
metabolism, which may lead to severe malnutrition and impairment of the absorption
of liposoluble vitamins, 3) outline the pathogenesis of the malabsorption syndrome in
respect of the jejunal mucosa lesions, 4) discuss studies concerning a possible im-
munoglobulin deficiency as a factor in the disease, 5) indicate the various methods
for making the diagnosis of giardiasis, 6) outline advance in the treatment of this
disease.

1. Signs and Symptoms of Giardiasis. Symptoms vary from vague abdominal dis-
comfort to severe diarrhoea. While in some cases the parasitosis is entirely silent,
usually giardiasis presents with non-specific diarrhoea, frequently with a foul odour
and accompanied by intestinal cramps, anorexia, nausea and sometimes vomiting.
Fever is infrequent and varies in intensity and duration.

In a study of 323 patients Brodsky et al. (1974) report the frequency of symptoms
as follows: diarrhoea 96 per cent; weakness 72 per cent; weight loss 62 per cent;
abdominal cramps 61 per cent; steatorrhoea 57 per cent; abdominal distension 42 per
cent; vomiting 29 per cent and fever 17 per cent.

1 Presented at the 19th Congress of Japanese Association of Tropical Medicine, Nara, 18-19 Novem-
ber, 1977. 2 Roche Far East Research Foundation, Hong Kong.
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2. Fat metabolism disturbance. It is interesting to note in this series that steatorrhoea
was reported in 57 per cent of the cases studied. Indeed the correlation between
giardiasis and steatorrhoea has been known for almost 40 years. To our knowledge
Veghelyi is the first who has reported this correlation in children in 1939. Four
years later we reported the first known case in an adult where a “tropical sprue’ was
in fact due to severe infestation with G. lamblia (Roch and Lasserre, 1953).

The correlation between the metabolism of lipids and a malnutrition syndrome
in children has not yet been well documented and deserves further studies. Many
paediatricians suspect that the steatorrhoea is a significant factor in childhood mal-
nutrition but its exact importance is not yet clearly delineated.

In cases of severe steatorrhoea mimicking a sprue one can expect an impairment
of the resorption of liposoluble vitamins. In our case reported in 1953 we observed
indeed a clinical picture of vitamin A deficiency: day blindness, dryness of hair with
alopecia. Nails were fragile, the skin was dry and the patient complained of a
burning feeling of the tongue and the gum. After treatment to destroy the G. lamblia
these symptoms regressed rapidly and spontaneously.

In their series of intestinal malabsorption with steatorrhoea in 8 cases, 7 of whom
harboured G. lamblia, Ament and Rubin (1974) observed a low level of serum carotene
prior to treatment, with a significant increase of the serum level after the elimination
of G. lamblia, in all cases but two.

In South East Asia vitamin A deficiency is frequent, often leading to xero-
phthalmia and blindness. We wonder whether giardiasis is sometimes the cause of
this syndrome, a problem which again deserves further investigations.

Indeed it is probable that the malabsorption is not confined to the lipids only
but also carbohydrates (Hoskins et al., 1967) and proteins.

3. Pathogenesis of the malabsorption syndrome. 'The pathogenesis of the problems with
lipid metabolism is not clearly understood. One suggestion is that it is merely
mechanical obstruction in that there is a lining of the jejunal mucosa by the parasites.
However, Brandborg ¢t al. (1967) demonstrated that the parasites are not only
present in the lumen of the gut but are able to invade the mucosa. Takano and
Yardley (1965) think the malabsorption is due to ultrastructural damage of the
mucosa, as shown by their electron microscopic studies. Such damage, however,
could not be seen in the case reported by Merecki and Parker (1967) who found a
few G. lamblia in the mucosa cells of the jejunum, but did not observe any inflammatory
reaction in the tissues.

More recently Ament and Rubin (1974), studying 384 intestinal biopsies in 8
patients suffering from steatorrhoea, 7 of whom were harbouring G. lamblia, observed
prior to treatment “a wide spectrum of abnormalities of villus architecture”: the
lesions improved significantly after treatment to eliminate G. lamblia.

We can conclude from these studies that G. lamblia can invade the jejunal mucosa
and that this is probably one of the factors in causing steatorrhoea, although the
mechanism is still unclear.
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4. Immunodeficiency. Another factor in the steatorrhoea may be related to the
immunodeficiency syndromes. It has been known for many years that two dis-
tinctive intestinal histological changes have been seen in gastro-intestinal immu-
nodeficiency conditions; namely, nodular lymphoid hyperplasia and a condition
called hypogammaglobulinemic sprue in which the mucosa is flat and the intestinal
villi have largely disappeared.

It is possible, but not proved, that G. lamblia invades the jejunal mucosa because
of gastro-intestinal immunodeficiency and that steatorrhoea results due to a lesion of
the mucosa caused by the parasite.

5. Duagnosis. It is based on the presence of G. lamblia cysts or trophozoites in the
stools or trophozoites in the duodenal juice.

By its simplicity the stool test remains the method of choice for the diagnosis of
the parasitosis. But one must know clearly what to expect from the test. A negative
result does not exclude the diagnosis of giardiasis. In a recent study of 130 cases
Jokiph and Jokiph (1977) found the parasite in all cases after five tests (1009,), in
99 per cent after four tests, 92 per cent after three, 85 per cent after two and only
73 per cent after the first test. In addition, they demonstrated that there is a period
of latency of two to three weeks between the infestation and the appearance of the
parasite in the stool. This period exceeds the incubation time which is about 8 to
9 days. The prepatency of giardiasis might be as high as 35 per cent. Therefore,
when suspecting this parasitosis it is necessary to repeat the stool examination four or
five times if the first examination is negative and, if these are all negative and the
symptoms persist, to repeat the tests after two or three weeks. When following this
procedure the stool examination can be considered as reliable.

Duodenal aspiration and biopsy of the mucosa with an imprint prior to fixing
the specimen for histology are excellent methods to detect G. lamblia. These methods
of diagnosis are being used more frequently but are obviously less simple than the
stool examination, though more reliable. Kamath and Murugasu (1974) compared
in 12 patients results of stool examination, duodenal aspirate, impression smear of
jejunal mucosa (imprint) and jejunal biopsy to find out which method is the most
reliable for detecting G. lamblia. For each patient several stools excreted over several
days were examined for parasites. Peroral intestinal biopsies were performed using
the Crosby capsule modified by Watson. “In 4 of the patients, the parasites were
identified in each stool specimen examined”, in two patients parasites were seen only
in two of three specimens, while in 6 patients no parasite was found in the stools.
‘““I'rophozoites were identified in duodenal aspirates taken from 10 patients — 4 with
positive stool examination, and 6 with negative stool examinations”. “The biopsy
sections revealed trophozoites in all 12 patients” but the biopsy reading is time
consuming and the parasite can be identified with certainty only after careful and
tedious search. “Trophozoites were identified readily in mucosal impression smears
from all 12 parasite-positive biopsies.”

6. Treatment. Mepacrine was the drug of choice in giardiasis until the discovery
of metronidazole. It was effective but required a treatment of seven day duration
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and was accompanied by unpleasant side-effects, one of them being the temporary
yellow colouration of the skin.

Metronidazole has the advantage of good tolerance, although it may be a little
less effective than mepacrine, but again it requires treatment for one week.

Recently, new nitro-imidazole derivatives have been developed which are very
effective against G. lamblia, even when given for one day only. ‘

Among them ornidazole (‘Tiberal’ Roche) showed both efficacy and excellent
tolerance. Ornidazole is a-Chloromethyl-2-methyl-5-nitro-1-imidazoleethanol.

N

CHs

0N 4, - CHOH - CH.CI

Ornidazole

It is a light yellow crystalline substance with a bitter taste and a pH of 6.48 in 1 per
cent aqueous solution. The substance is rapidly and almost completely absorbed
and reaches its maximum concentration in the plasma within two to four hours after
ingestion. The mean peak value in human plasma is 10.8 mcg/m/. The half-life
is 14.4 hours and 15 per cent is protein bound. The LDs, in mice is 1,420 mg/kg.
It is interesting to note that there are not signs of intolerance when ornidazole is given
together with alcohol. A high dose of the drug does not intensify the effects of al-
cohol and does not induce subjective or objective symptoms similar to those reactions
seen of an antabuse type, whether ornidazole is given prior to or after alcohol ingestion
(Schweitzer, 1976).

Preliminary studies demonstrated that ornidazole was highly active against
G. lamblia. This encourages us to perform studies on giardiasis. As shown in the
table, the short treatment of giardiasis with ornidazole was tested in 85 patients in
five different centres. Four investigators performed open trials. Subchareon in
Thailand did an open comparative study with mepacrine, metronidazole, tinidazole
and ornidazole.

The evaluation of the treatment was done by daily stool examination for 10 days
in one trial, 28-35 days in another. In one trial the investigator evaluated
the treatment by duodenal aspiration and biopsy of the mucosa with an imprint and
histological technique. In two trials the method of evaluation is not known.

The dose of ornidazole was 1.5-2 g in adults, depending on the body weight and
40-50 mg/kg body weight in children. In all cases the drug was given either as a
single-dose or within one day in two equal doses.

Out of a total of 85 patients treated two failures were observed, which gives a
success rate of 97.6 per cent. The failures are cases in which a complete cure was
not achieved during the period of observation.

Side-effects were reported in two patients and consisted of moderate and transi-
tory vertigo (2.4 per cent of the treated cases).

The study by Subchareon in Thailand is of special interest: she compared the
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Table | Single-dose or single-day treatment of Giardiasis with Ornidazole

Investigator IEF g:l?:sr o%‘t,?é;?rﬁggt Failures Success Slll{;fzs Side-effects
Gentilini M. 18 Not known 0 18 1009% 2 (Vertigo)
France
Heimgartner E. 25 Not known 1 24 96%, 0
Mezxico
Hla Myint 12 Stool Examination 0 12 1009, 0
Burma Daily for 10 days
Iynkaran N. 15 Duodenal Juice 0 15 1009%, 0
Malaysia and mucosa imprint
Subchareon A. 15 Stool Examination 1 14 969% 0
Thailand Daily for 28-35

except on Saturdays
and Sundays
In all cases: Adults 1.5-2¢

Children 40-50 mg/kg body weight.

action of mepacrine, metronidazole, tinidazole and ornidazole in ten children in each
group. During the investigation all children in the ward received the drug in order
to prevent spread of the infection from child to child. In all cases stool specimens
obtained by rectal swab were taken and examined every day, except on Saturday
and Sunday, for 28-35 days. Mepacrine and metronidazole were given for seven
days while tinidazole and ornidazole were administred as a single-dose.

The cure rate was 100 per cent with mepacrine, 90 per cent with tinidazole and
ornidazole, but only 50 per cent with metronidazole. This shows that new nitro-
imidazole derivatives demonstrate a significant improvement in the treatment of
giardiasis because of their simplicity of administration, low cost, efficacy and tolerance.

The preliminary results of trials performed with ornidazole are most satisfactory
and comparative randomized studies will be done to confirm these findings and
increase the number of patients on which to base firm conclusions as to the
best therapy for giardiasis.
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