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Vertical distribution of the anthropophilic blackfly species in relation to that of the

onchocerciasis endemic areas of Guatemala (Distribution range of endomic areas

was represented by the shaded column; all data were based on Dalmat (1955)

except for S. horacioi and S. quadrivittatum).



Table 1 Investigations on natural infection of Guatemalan blackflies with O. volvulus larvae

Author(s) and year

No. females

No. females with
0. volvulus larvae

% Females
with larvae of

% Females
with third-

dissected I II 111 " any stages stage larvae
S. ochraceum
Strong et al., 1934 1,658* 9 5.3 ?
Gibson, 1951 1,839 7 0.38 ?
Dalmat, 1955 6,815 30 0.44 ?
De Lebdn, 1957 26 0 0 1 3.8 3.8
70 0 0 1 1.4 1.4
L 6l 0 0 1 1.6 1.6
Garms, 1975 2,243 23 3 1 1.2 0.04
| 294 17 4 2 7.8 0.68
Collins, 1979 4,851 —69—— 15 1.7 0.31
Garms & Ochoa, 1979 1,445 80 11 13 7.2 0.90
L 154 13 3 5 13.6 3.2
Collins et al., 1981 1,282 —_ 99— 5 0.7 0.39
| 3,569 —60—— 10 1.68 0.28
Takaoka, 1982 1,551 9 0 1 0.6 0.06
S. metallicum
Gibson, 1951 1,734 18 1.04 ?
Dalmat, 1955 7,678 26 0.34 ?
De Leén, 1957 40 0 0 3 7.5 7.5
18 —1— 0 5.6 0.0
15 —_—1— 1 13.3 6.7
339 22— 4 1.8 1.2
74 0 0 1 1.4 1.4
L 26 0 0 1 3.9 3.9
Garms, 1975 r 242 1 0 0 0.4 0.0
679 3 0 0 0.4 0.0
269 1 0 0 0.37 0.0
| 1,826 2 0 t] 0.11 0.0
Collins, 1979 1,855 —23— 0 1.2 0.0
Sar ns & Ochoa, 1979 1,395 16 2 2 1.4 0.14
570 8 0 2 1.75 0.34
L 39 2 0 0 34 0.0
e gdunl g 2 os oo
Collins et al., .98! 795 — 5—— 0 0.63 0.0
[1,060 —26—— 0 2.45 0.0
Takaoka, 1982 1,663 —_2— 0 0.12 0.0



Table 1 continued (1)
S. callidum
Gibson, 1951 161 1 0.62 ?
De Leén, 1957 [ 1 —]— 0 100 0.0
? 0 0 1 ? ?
Garms, 1975 27 1 0 0 3.7 0.0
Collins, 1979 702 —3— 1 0.57 0.14
Garms & Ochoa, 1979 100 —_—2— 4 6.0 4.0
Collins et al., 1981 251 11— 0 0.4 0.0
| 451 _2— 0 0.44 0.0
S. gonzalezi
Gibson & Dalmat, 1952 463 12 2.6 ?
Garms, 1975 13 1 0 0 7.9 0.0
L 134 2 0 0 1.5 0.0
Garms & Ochoa, 1979 206 8 0 0 3.9 0.0
S. downsi
Collins, 1979 [ 503 11— 0 0.2 0.0
[ 491 —1— 0 0.2 0.0
S. haematopotum
Gibson & Dalmat, 1952 1,276 2 0.2 ?
S. horacioi
Takaoka, 1982 743 0 0 0 0.0 0.0

* Simulium metallicum and S. callidum are also included.

118TH 5 (Figurel 2R), D5 H, Table2
WiRTLHIC, 8EBO7 2 HRBL I 2I3ER
BYiICO>WTHEIN T B,

B chz T S ochraceum, S.metal-
licum, S. callidum @ 3BT O.v. BRPEHHOH
REBESHEZIN TS (Tablel),

7y F=730BWT, O.v. 8O 7 2HANT
ODHRBELMOTHRRELIDIE, Strong et al
(1934) TH%, Lid3@Ebbh+T1,658MKFEE
L, 8ofEtkmifics III Mdhhs Lokt @
Ll LPLEWS, ZO3IBOVWTHhOT 2
g I HWgdhds Aohkcodbid Hoshicdh
Thkhkwn, 72, —H0E I H\eshix, FHil
fiti (&%, 450-1,140 tm) B X URREI N T3
HRELEZOFEL T (=re—-FE) &

EDOHMLT, 2<HOFRH7 4 7V T—8

1tDe Lebn and Duke (1966) itk - T 5

N7cD LE—FB——TdH - 7[R N,

Iho3BDO7209H, BRBREOHH RS
ZLBMEINTVWBDIE S ochraceum TH 5,
oo > b 11 MhaE RET 3 HER,
HEEBLURAEMICL D RE 345, 0.02-3.2%
g,

wic S. metallicum O THB L, & I.dI
B moBREIREREINTVER, & I
B R EMZ De Lebén (1957), Garms and
Ochoa (1979) H & * Tanaka et al. (unpublish-
ed data, Ito etal (1980) iTBIH) It&k » THIZE
BhTw3icBE%Ln, 05 H, De Leén
(1957) DOFERIT, =~ EC—-FEHLEGBEED
TWBEDT, £2TO%hHN O.v. TH-ohBR
Whiehzd, Thr—pilicshd, % II #§
SRR ARIZ0.07-0.34% & PIXVIERT H 3,

Simulium callidum ‘w3 5% III PHho
BRI, e De Leén (1957), Collins
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(1979) XV Garms and Ochoa (1979) T  metallicum 3 X U8 S. callidum %+ TH15,000
Ko TREINTVERTTH2, ZO72fic EAEKIC O.0. mf BEZFXRM I, ¥20°C 0
B BE NI PGRRERIZ0.14-4.0%TH7, FETTHEL, IBEHITEELZVROM,
flific B \»Tid, Gibson and Dalmat (1952) o III #ighhs BTn3, LhLi¥S, k
3, S. gonzalezi L S. haematopotum D BERBYE LIBD 7204 CikE 111 HET O HEBS
oW THE L, LL, Thid, REHRER oShieh &P 20T MhohTvwin,
FILTwiRvwoT® I ks EFThT v wFhitl s, Aozl Ers 7 0Ts7 2
PESDAMTHB, £/, S.downsi KDV T, REDOEHBEHNADPICHETH > 2008 BINS
Collins (1979) i3, % 1-1I Mishhoo B %#E L Wiz, ¢hid, Blacklock (1926) 235, 77
720 19804F, Okazawa and Onishi iC&k - CEE# HDY T F « LA RILBNT, O.v. Hhdips S
I S. horacioi itid, TASMRAEKMBHI NIchE  damnosum THRHNTRETEI E2HDT HE
DTk, O.v. R RO > Thin (Takaoka, LTHS, FIKWBEHRDI ETH-71. TDHEH
1982), DENZ, WEDOEREMY, HKEERXGFOEN
HREEARICE TR, BITHANICAESh k3 0.0 HOREEEDOZITREI LS,
LRPLHED XA EED BWEEKRD 74 ThH DB, Blacklock i3, & 11 #Aghh %8 5 1
FYVTHRIT I BB EHNBBEET H B, Hic, mf 2LV AL 2mb %1 BREHE
Garms and Ochoa (1979) 1, A v axrBfE FThiddb-7-0icd L, Gibson 2#12:8M S
RITHAANTHREI N7 2 OBHETISL, B #HAFLETOERSEb-7CEitE b5,
HWIBITBF B 72074 5 ) TRELZHE L, Gibson ¥, Thit#wT, Dalmat & #FE
Z DR, WITHHNTIZ S. ochraceum 304 A& T S. gonzalezi, S.haematopotum, BXU S.
G527 47 )V TYhAERE X1 ho oAs, S veracruzanum D 3EWDT 2 BT HE 11 #
metallicum @ 0.35% (12/3,438) B LY S FTTORBEUBIBZ L t#% L7z (Gibsonand
callidum @ 0.4% (1/242) it O.v. ¥ L Dalmat, 1952),
BirEidhisn FlIl o ghes tHTn5E,  Simulium horaciol 1Tid, §iddL7z&diT, H
CORKER, BMHRMEFEGATE 7 agics RBEZRDDP-> Thivnid, XED O.v. 4k
WTIE, 74 7Y THREEN O.0. hl7zdic  ENRT ERHICI REINhTw5E (Ito et al,
L2500 E) b—BiCHBTEAnT LR 1980).
LTtwn3, De Leon and Duke (1966) 2, 77 U #TD
BAT 2 RBEAEORBRETENL T, S. ochrace-
RERRE ERBRRCBNTE, chi, 0. um, S metallicum XU S. callidum 1T>nT
vo. mf HRHTE I PRI CREILES 5 BEERETW, Oomf L0ZAH07 8SHE
EBEINIZDIL S. ochraceum, S. metallicum, KETORE Il HHih+ BELTNw5E, C
S. callidum, S. gonzalezi, S. haematopotum S. NOH3EDI L, FI2BIO>WTRZDEITOLHI
veracruzanum 3B X 8 S. horacioi D 7T B TCH 3, EZLOEBRTLEAIN TS (S.ochraceum
# <13, Strong etal. (1934) ik v HARBY: —Collins er al, 1977; Collins, 1979; Monroy,
FAE LT L CERPEERBREAS SN, 7 am  1979; Matsuo et al, 1980; Ito et al, 1980;
HOFHEOREI POSARINITK > Tn3B, Takaoka et al., 1982; S.metallicun—Collins,
V7272507 2DKNT O 0. $ihogE III  1979; Ito et al., 1980),
METO BEL ERWICBE LD, 19514 Table2 i3, HARBRELKBRBROEROEN
BIU1952:D Gibson O WEHNBMT 3 TH3, Chdhrdbhs LS, S ochraceum,
(Gibson, 1965). 3% B, S. ochraceum, S. S, metallicum X, S callidum D 3BT



Table 2 Result of natural and experimental infection of Guatemalan blackflies with

0. volvulus larvae

Natural infection

Experimental infection

Blackfly species
Developing stages

(Development to the

Third stage third-stage larvae)

. ochraceum
. metallicum
. callidum

. gonzalezi

+ o+ o+t

. haematopotum
. veracruzanum —

. horaciot —

L i tn »r v» t!n ! »

. downsi +

+ +
+ +
+ +
» +
? -
— -

+
— ?

F2 304 IV HIEOENE, D S. downsi
PO ZFL ABBEN R L ERITONE S,
7272, SBOAET, ChofAERICHER
BB RHINDWEERIIH 5.

4. 7atEANICHIT B O. volvulus %
HOBITLER
747 ) THRBEANBEOENICED IENT
Do RPEBGRICKEL, ROBENBITTSE
TORBBLIUHEER, 747 ) 7TOEEIKKD,
FBEANEOREY (REER) BIUEENR
Rk - TR% % (Lavoipierre, 1958),

ERBETEE O.v. HHO72ENTO BT
W13, Blacklock (1926) M7 7 VA ik BT
TolcBETHL ML, DED, LDCE
hic mf BPELS HBE~NRHE LT, B5HicE
L, zccyg 11 gigmEciELicdbe, B
HoOYRR» o NEANBITT 5,

7T = FICBWTIE, Strong et al (1934)
HENRET 20BBICE VDT L EHER L
—7%, De Lebn (1957) &, S. ochraceum, S.
metallicum, BEU S.callidum Hi+T4,639
BEO M+ L23@Akicsg I #HymE R
L7cds, ZDTA% = E—FEICHYRERE L
(BRI LEFIcEOBD13%), HISIchHR
PELBRBL T WD EhS, Hlld<n

E—-FETCRETIDOTREND, 1243, K
TRELZOONCOBRBIHERMITBET L L
2DTRAEVWD, EHERL, Wi, o5, &
BRI I W7 2 QR % B8 L TRInE
NORBEABITTIO TR AL EEL, &
DL, De Ledn (1957) O Lic=r 2 —
FEHEICHONS BRYEGBRFED 74 7V T T
HotrZ itk , —EmEBEEINTWS (DeLebn
and Duke, 1966),

i TRE P RA BN E ORE CHEANE
T 5, Fi, HEO LD, SEEICHBAT
FT2OPICONTIE, FEMAEHIED R\, Col-
lins (1979) 2, EBRHICER I & 72 S. ochraceum
OESOMEBEA XD, LE— LW IicRYE
YERE Lk, 2T ERD, KRIE, BOEAN
T5747)T7EREST, O v OBREESRII,
LB L FEBE RS TO % S RE R S BER
MEBEAABZDOTRENDEHRA L T3,

mfDENDTH XT, mf LDTAHICELT,
De Leén and Duke (1966) i3 S. ochraceum, S.
metallicum, S. callidum ~FhO7 2 F b F—F
HEIPSHEMIRTHONSEHFLIZTIZTAH
O mf 2LV FTHEE mof BELS HE
INIWMEEYU LD mf 2D LT EEHBEL
7o BEOHB—vbWE "HBELVIAH, &
FENB—IF, i S. ochraceum KB TH
ETh-72 (T3, A—7=2BBT79)20
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O. v. REZEPGRIML72EED mf &b HH
D20—25E b E o 72) LT3,

O "THBELEYAH, KDOWTIE, 19344 T
Strong et al. BT TIRBELTBY, 720D
Wi mf 2F5|T2MEBFETIOTEEW
DEHAL TnB, T, BHNLEEAOEEDS
BT H B BT 5, KL TIL, Collins et al.
(1977), Tanaka et al. (1980) ¥ & U Hashiguchi
etal. 1981) bRBOHERLHE L7,

hROBTERURTEEICHIIDIERE 5
LTéebhegEhss ml OF~<TH BRfeR ¢ 3%
#H$ Bb 1} Tid %o De Ledn and Duke (1966)
B, 72Nt EbzEhS mf 0B, S
ochraceum - 0.66—2,1% , S. metallicum T 1.2-
2.5%, ¥tz S.callidum T4 .3%WERPHF TR
BTBCEERLI, 72, LhCEh mf &
DIDED ABPRIFBTHEET LEBE LI
Collins et al. (1977) %, S. ochraceum \T>\n»T
0.2—2 ABDENEEREHE L 12,

Bain et al. (1974) i, £bH Fhi mf OIE
WRERITE LT, S ockraceum TiE, L0
Fhie mf 0) BE»0.87—1.6% LIrFEIS
HEARBTET, BOO mf 3FBRIKEALC
DONHILFBIND 28R,

—7%, Omar and Garms (1975) %, #&¥H
FHEEANVT, Ov. $HROT2EHNTOHER
S. ochraceum LS. metallicum & TCIRIER%3C
EERWHODIT LI, DFEY, S ochraceum T3,
ZHO mf HL DT FhBA WHEHICERER
BEET B0, KEAD mf BHEDI WED
FohtT, TOMRPBENTHASMIhTLE
W, fliic2eB L mECHRELAN, Ch
EXHBAIT, S. metallicum -TlZ, S. ochraceum
XODEO mt #L DAL AHSNBA, B
RELE W BEENENDT, mf BEETHE
~NEBETE, BE (74.5%) KB~ BITTc2 3
EHE LN, T, REFHSR, BROEE PSS
WED FBMNICER N Z LY 2 peritrophic
membrane IT2WT, mf ICOEMNETHFESH
WIRIME S 2 5 6 BE D R i B A S B

W9 3DT, CZoOBEREYZTh!: mf ODEDIC
REEBREHRBRLLTVERENES D Li~Tn 3,

RICHB~ZL 7. mf OBREFADFE IOV
T, De Le6én and Duke (1966) i3, $hhiF&
S. ochraceum RPNTII ISIZRBICHBICETL,
TORED BRTIEBLAE BT AT LE 28
III T T RET S & %HE LIz, Collins
et al. (1977) LRBOEREHEL 72, —F,
Hashiguchi et al. (1981) i3, mf & 9 T 530k &
48R I IcE Uz g2 a8 -, #ksiz
mf OFFFHEL TR BT EERE Lo

zhic L, S. metallicum N TIT, ShhZ
BHICETLHEMIIZ S ochraceum KRBT 2D
LERIERBRPEZR 1 HMEOELSA SR TNS
2, MR CHREEEPER LR LELAE
#BMEINTW3 (De Ledn and Duke, 1966; Col-
lins, 1979; Ito et al., 1980),

Collins (1979) 3, A—RHFD LEHH» 5 S.
ochraceum, 38 X N FE 505 S. metallicum %W
M3, TOBRDOHIRELHET =~ THE LI,
ZTORER, BMBE24R MBS L 8—10H %D
M7 1ML D DGRBS, S ochraceum TF
heEh1.5 238LZHEDoE, S metal-
licum TI318.9, 3.8 L 1/5 BT BT L
2HTnD, Tk, 8—10HBIKASHI-GHD
925 S ochraceum Tid90% s % 11 Hghhc
Hotedicxt L, S. metallicum T3 26.3%1:13
g I PshiTH - 720 Simulium metallicum
M DB O BRDEHUU LIZER mf R
HMOFET, ISRNBREOLBIER L LEHR
LTwick T w3, 2%, S metallicum
TiE, WHF~® mf 1713 S. ochraceum iz {
SRTHI2ER WD, 1% 0 I B
T, #iC, WHESICRPLTwET LR 5,
Ito ez al. (1980) &, FMEEOERITE T, T
#8—10Hw A3 hicgho 5 b I g s
DEEIZ S. metallicum T60% , S. ochraceum T
93. 5% LB 2 TR HEXB TS, CTO
CEiR, TE7 20 0.0 iicwd 3 4EEBHE
FIEOBAERLTVE LN LS,

Simulium callidum Wi T OhRFHEE ZIEHA T



Hotrl ®EINTANS (De Ledn and Duke,
1966) o

mf EOZHD TADEFERANEZEHE
Loksik7T=ictbEhi O.v. SR, 4
HOBERTECRKAERE L7 2DKANTHE, 7
2DEHIEL > TEDRED 55D BB ICE
LT, 2oL A LHh, BADDEDOY R
o ULhRERECERNE W,

L LEads, —HTRELOGHESENT =
DT &L HITIERE LT\ 3, De Ledn and Duke
(1966) 1, O.v. mf DLV ZADEANT 2DH
BICBXIZTHEBICDWTHE L, thick?
L, S. ochraceum TiE, YT Fh’ mi OF
B 1ELY 9 EDOBAEFRICEBISONE
Moz, Y T Ehi mf EEHAL170E & 8390
B0 BEiKid, 24BEURIC BOBOD 14.2%,
39.3% D7 2T L1z, —K, S. metallicum ©
24BN OEERIL, 5 2w L 6Eomf L
HOBEH12% TH o fchs, 190 L BHD mf
LU AR LEIZ100%T &H- 120 Simulium
callidum WwH>nTq, S. metallicum LR UL,
16040 mf L D AT L £100% D FESE
THBEZINTnS, Tk, £FLZ7=202H
BLUBOFRTRIIFFERYT 2 LERE P> L
_TWnw3B, D%, Omar and Garms (1975),
Collins (1979) B X% Ito et al. (1980) & mf &
DTHET2DEFROBERICONTRROHER
PHRELTW 3,

Ito et al. (1980) &, R—HRBAEDIS KM I
72384 S. ochraceum T43.4% (85/196) , S. metal-
licum T 12.4% (41/330) O EHushdi (RE R+ 14,
COBMOZEE, EhRLickIK, HEDOT 2
mf ZEEDIHRKEK > TRPRFET LD T
HDBEBNTNDB, £/, AEESIX, S. metal
licum %% mf L 0 T AHBUER LB CEFTE
Zim mf W 14D 168 L B LT3,

#®ITk - T, Omar and Garms (1977) %, S.
metallicum R S. callidum THEIT HEBICA LN
2 miBHEHTHITLBETOREREHGEEN
WWBFE L 72, TORE, DHRBIERE~NEOCF

9

iz mf OFHOERBNOHRY &L ZDEALD
BERRICEZ2FE LGS, 2) L EKBEATHD
hEE~DOER % 580 mf OB LKA, 3
Peritrophic membrane O k& (K icH Bai-
®E) LZ0DOWAESE, 4 mi BIUMK
OHB~OBEICK 2BBHEES X KESE, 5)
Bro#RyE (Eimmew, KN Hek B T8
1], Blitk, RAHAEZE) ~© mf ORBAIKK
ZBEBEEE, O Bb—D2F R 2PNEEL -
TTAPRLETEDOTHAD LRI,

—7, S. ochraceum @ mf ZHE LY AERIC
Ao 3 EHFETORRICOLTIIFMSIER
750>, B3E Hashiguchi et al. (1981)13, D7 =
BITBWLTHBE A E > 7 mf (Cibarial armature
WKk > THAMTESEES Ie mf ET) M
LS OB GH, M ENBRATE L %28
£, BHRRCOFREZEEZLTH» 5,

5. Y aAtILNEDERKIC X (T TR
N721EMOEMFENE KU ER
FHOER

74 7 ) TIERICRTEAEOREZ, ENE
DHAE, ABRIMMEFEDOMRS, §iiTHCORMmR
REEEBEOKRNE I, RMFEEOH RS X UERH
ZB), WiMBi:, Gonotrophic cycle, #ER, #
f, BRURAESE EOEMENB L CAEREE
MEBERICE > TRKESRELD, V7T~ 7D4 Y
I VA EERIC RIZT Chs 7o ERO
KEgaicontix, B<L &, Elishewitz (1953),
Dalmat (1955) it &k » THRHI LT 5,

MIBMRHE ST 7DAFVIEAAEDE
Ao, COEXIEISCEHEICES YT T -
= FUILRO K EHEMUAE O LB 5 H T
EEH 500—1,500m KRAIh TS, Kk
D& D LHEUNFE L TWBEDONICOWTIE+
BRBRHINTHENY, —DIKRENFOHH &
FHEICHEBRLTNE BN 3,

Figurel 7 > 5~ 71KBIF5 AR~
11O EES4 % Dalmat (1955) O#HE*d &
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iR L7,

Simulium ochraceum, S. metallicum, 33 X (X S.
callidum ZHITHNNITIE L A B 5N B8,
EAREFRIRITHO BES A L IZIT—HKT 5,
CO3IBHEL PSA Y IV HEDEHREDHE
bOZHERINTCELBIATS H5 (Elishe-
witz, 1953; Dalmat, 1955),

—7, S. veracruzanum ZHITHO > H D ER
WL T, ¥/ 8. gonzalezi & S. haematopotum
D2BIBWTHOTRIEL KAHHT 50 BEH
BENWELAH TR, R ICBERICERE 5 &
HEH>THBEDTEHEVWREHEEI ATV S
(Dalmat, 1952, 1955),

72, ZDEPOARMMET 2 FTid, Figure 1
THoPEL DK, KITHO E, TR KL
TWBIZ EDS, & v vhEDZRE & D%
BFHBICI N R Simulium tricornis |3, {47 i
NTHRHHHREI T3, 2,000—3,000 m
DOEHBELESHHRTH D IEREOBERITEN &
Bbhs,

Simulium horacioi IT2>\WwCid, EHLEAH
BRIITHNTHRENDT, FM %S RITISHER
DOEEHZ N, LBLEANS, S ochraceum &
R#DOKFE BEFE T52 D5 (Takaoka,
1982), FEAMICOWTH BloMm% R4
EBFRING,

RMEFE O.0v. mf BEANAT2iC LT E
h, FLBREGBBROBECBITTL0R, 7
2RMBICRONE, LicdisT, 7 aWAE
DR 200, FrboBWE bRINT2DH
EnIHER, TOENT 20 RBHBICKE
HETIERTH 5B,

77 7= 707 2QRMEFEICONTI, F
TiC Giaquinto Mira (1937), Elishewitz (1953),
H & f Dalmat (1955) O#&ENBH B, ThoD
MREBAET S L, S ochraceum, S. metallicum,
S. callidum D 3L & AUND ZL OB S
SRS %, 72, S. ochraceum Fn$Fho B
Wk B L7 & b A d B Itk Os TR 1T
W<, #ic S metallicum - S. callidum (34,

Bh EORBMICE BT ERS,

B ARM7 28 S. horacioi ITD>nWTiE, T
hETIK, o>l AEREIMLZEE LD
&\~ (Okazawa and Onishi, 1980), IFD ¥ D
LI EBYPSRML THZDPRIAWETH S,
7272, Garms (1975) %% S. metallicum HPiCHA
7eD L RO RWP7 4 5 ) THRB EXEO BH
WERELS RHINT w3 (Ito et al, 1980;
Takaoka, 1982) T, A&, ALUNOBHLED
BYERMLL TWEZ LHEVEN, —4, &
#OD Rio Verde #iXick i} BERAETII,
F#RX T BEI N BROBREKLI S metal-
licum BEBEBICE L, S horacioi 3% D 1/3,
Z /o S. ochraceum 12 1/20 ¢dH - 7z (Takaoka,
1982), LA L, AMETHEILIRBOEH
BRI T3, #Fiz S. ochraceum WEHmbHEL, S
horaciot 3% ® 3/4, S. metallicum 12X 5T S.
horacioi D 1/2 LI ERTH -7, T ED
5, S. horacioi D NWIF¥:IZ S. ochraceum 1T
%595, S. metallicum X Vi3 HNTEAS LIEE
I3 (Takaoka, 1982),

A OEEA S BTLERE  HiTihick
5 AW i7" = 84k B o B R & AR SR i BY
LT, Dalmat (1955) i3, 433,249 DI
& > TH SN HEET69,337EAE DML LD S B,
S. metallicum 65.3% , S.ochraceum 30.0%, S.
callidum 4.0%, S.downsi 0.1%, S. gonzalezi
0.14%, S. haematopotum 04%HB L S. vera-
cruzanum 0.059% ORBEEHRE LI, O HR
12, —#BITiX, S. ochraceum & S. metallicum
BROBEELZBTHLILERL TS,

L L&AS, BlRE x RISHE L2285
i, BRBIck-TREZBZLBEIETH AN,
72 A S. ochraceum % S. metallicum 335346
LTk, FRSEL TN TORERPD
%<, #ic S. gonzalezi, S. haematopotum, % 7=
iZ S. veracruzanum OWTFhhrHBEEBETHS
Wit BRI N TS (Dalmat, 1955), L7z
W5 T, BT, fEx ORITHFIIC ORI
B7 2 BERICERE AR LR T2 EHA



THILBERYTHAD,

RINEFHORABEH A 2B EOHE
AD mf BEICHAND Periodicity A& EH 6N
Twk\» (Tada and Figueroa, 1974), L7455
T, 72ORMmFEHDO BANERIL, "REHREBH
By a7 bRRE mf oA HE EEABEO
RmEEEAEDO—B, KAHALNhBELD RBERKRIE
FIRBLVWERE T 2> Thnin, 72 3B
T H35 HAPWKCEBLIHDO 5B nwD2TH
mf ZEDILENTED, HEZOEHEGRT
2 QW IMIEB O BA % EEL & ABBHHACRIMITS
CINIEHHEOELZOBEICE - TEAINBL
LiThB, Lictio THENT 20BEIcK > TR
MiEBIO HANEE 2 — VR ENE, BENT
2AEORPERGE - LB LNTHEINS,

¥, RIMFEEHDOHAWERIZ, R, A7
2N TRE LB B T ADE/RI VDO
EWHHEL GBEL TKL 5,

7 2 BmiEs O HNEE IC> T, Dalmat
(1955) %, S. ochraceum B XU S. metallicum
DORIMEE T AR (8—108) ITHxRb&EL, T
®BIZIEN, L Lias, S calidum 3REE
AHC2BFEHOILERUVAFREANA L E]H
&7 Simulium ochraceum W2\, Tada
et al. (1975) BRAKROBEEREB. —F,
Collins et al. (1981) (3, "WIMiEBiiz S. ochra-
ceum TR (7—9 ) K&, S. metal-
licum TRIF% 2—58) TEN, LBLEIER
L L, CORBEOZRIRBMEDOERIC
BE LT3 t8Bbh 3,

% 72, Collins et al. (1981) 1%, WD HR
K L7 S ochraceum WEBEOBMIIFRIFE T
D—IEWTH - 7298, O. 0. HBREHREEL TN
BERBLZTICONWTHTHBE, FHi (8—9F)
EE (018 ke —7 % FOlELE Zikh
RE —rPH LN LBRTnE, TOT LR,
TaR—HDS bRELBEEED T AR EALT
2P oRBRPGBEZRINIBHENELD, &
WwH ETHEHEIh S,

11

RMEHOEMEE 7 77~ 70 JUKIZ5—
10O EI1—4 BoEHITB-2b 3050
b0 TOXD EHEPIKESEET Tl —4%
BILBEOD, £hbBHLTICBI2DD, &
WS HIRICHEE LT, EAT 20FHBRIIKRE
HH& N3, Dalmat (1955) 3, S.ochraceum,
S. metallicum B XU S. callidum @ il B @ {KEE
DOEHHERICOVWTHE L/, Thicks s, S
ochraceum 3EM_GHTHE O Rx 4L &
Mo 12 BicAoh, EOIIFENTL LK
MDD %8 AILALNE T EBREINTV S,
Dalmat (1955) i3, ZO7 2 BOHE—D L= —
E—DWEBIS Y, ZLOoHFBESBRMINDS
LD BEENEESTHERLT WS, —H4, S
metallicum OREHEEIL1—4 HickB&PEL,
5Hic—BEP L, 6 BKBUEREAD, €0k
LA PFTHRBROERBA bR, T4hbb,
D7 afETIE, S. ochraceum WHLNBLD
ZHEZELXRABRALA TRV, Simulium cal-
lidum TH>wTid, S. ochraceum & IZIZRBED
ZHiEE g -V BRIN TR B,

L LiEdS, BHEE X -YEFA—7 28
THBick - CRE% S (Takaoka, 1981), L7-
# - T, Dalmat (1955) MLk ic, MKk
HEEOBREE 2 —c—UEH L BNEIC—HT S
DI THEL, EFENERIEL OWRITHTE > T
WBTHAD,

Ff, T2ORBEBREEOECERSEROE
HWTHENESDICOVTEH—BITEZL B\, 2
Lz, Collins et al. (1981) 3, S. ochraceum
OgRBRE (0.v. o 1, 11, 111 s oiEh)
FRMEAREED KA3-—5HBLUIAK &
{, HRBEEIREE % 31011 iICi3FEHIC
&S (BRBEHBREIRHINTHEW) 2528 %
BEL7, T4bb, EME3LHT L oRinsEmEEk
BOZARHICROAZNEEL LD,

RMEBAL 7 > 7F= 7D O.v.mf D AKIKEBT
IRHII—BThEw—mi BERLEEFICEL,
TERHIBENA—LEnI EBHREI N TV S
(De Leén and Duke, 1966; Zea et al., 1980) s L 7z
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Mo T, AT 2D AEKD E OB fr i i 3R
FRTPIEI, mf QLD HICHEL TEELRE
HThHs, e LicBdL €, Elishewitz (1953),
Dalmat (1955), % X1 De Leén and Duke
(1966) 1%, S. ochraceum FIAKD L¥E, F7-
S. metallicum & S. callidum 2 TF28 % E ik
md2CE+x8BE L7, —F, Tada etal (1975)
{3, S.ochraceum FHHE L TWB3HEFDONFH
o bR L, i EEFICRRTAERAEF- T
WBENnS LRI ED T, EHE LT, Simuli-
um horaciot 13, S.metallicum Wk, TFT¥ &5 %
HMCIRIN 3 5 & & S8BT & 7 (Takaoka,
1982),

PER, S. metallicum B XU S. callidum 13,
mf HEOBATHERED S FERRIMT 5T &
ZEHIC, HROLIVENEFETRENVWEZIR T
7z (Elishewitz, 1953; Dalmat, 1955), L &L,
FTTIBRIzK I 12,8, metallicum DFEVED
mf LY ZBTHENHAET mf BHRG~BTT
5, 3oikmf BRLEYZAHRT2DBEHFETIC
DEBBZILELHLDPIKINTVEDT, D7
AEOTEIRMIEFENENEE LTCAREE
HERB—BILEZLRAWEAS, Thicd L, S
ochraceum 3 mf 35 HEED &\~ B AL i W I FE 5T
ARG ¥/, mf BEOCEANBMTL "BEL
DTH, BRERCT, LIdic, chsnl
2, E0HE, Lo Ehi mf OXRZHNT 2
DOMWIHIBOWREREICL » TRENLZEBEEES 1T
BLELEZDDEZ L, KEHEKELBDLN S,

RiBEGSITER 7 2DkiMD X ~OITH),
RICRMEEEIZ, mf LY BT TEL, &
RHGBMDT 206 ABNOBITNbFET L LE
bhd,

Simulium ochraceum (2, —BRiMm% 15 3
ERODETRELATEH ZRTY, chicd L S.
metallicum LS. callidum RBHEB X% AR
BT, WARMTREZCEDB N, LBWMEIN
Tw3 (Elishewitz, 1953; Dalmat, 1955, I X &
De Ledén and Duke, 1966),

0% M B2, Dalmat (1955) itk B &, S.

ochraceum T 4.84F (1—194%) , S. metallicum
T 4.34% (1—314), S. callidum T 4.5 4+ (1—15
4») T&H - 7zo Tanaka et al. (1980) i3, S. ochra-
ceum % O.v. mf REHFD»S RN I 72854,
HWI0% D7 23 3—44T ML, mf s
MO L EICRRMICET S LB TW3,

BER BMOOZDARLRELTLE7 205
5, 747V THRERAL TN B0, FAlL
LT Ld1ROKMNEEFORRE DO
EMIKRoh, COLI BT 20HEDSOEY
HERIIKRE N,

Garms (1975) 2, S. ochraceum, S. metallicum
ZDELD 2, 3DARMYT 2T DT IPHED
KRB —4 i< follicular dilatation @ 5 &, *#
7N PORFE « RBREORAN L AEIC L7,
@, Chimaltenango @ 4 #i[X, B XX Quezalte-
nango O 1 X TOBBIckhiL, S. ochraceum
D31—59% , S. metallicum D18—38% , S. calli-
dum D26—61% % & U8 S. gonzalezi D28—67%
DRREEMEC B - 720 Garms and Ochoa (1979) i3,
Chimaltenango B kU D D RD HHET6
WXT, Zho4BOT2ito>nT, Th¥h,
46—79%, 23—73%, 25—60% B & F40—75% D
BERTHE L, F7 Collins et al. (1981) i
&3 &, Los Tarrales & El Vesuvio T3, B
DB D S. ochraceum T33.8%, 37.0%, S. metal-
licum T37.0%, 14.3%, BL WU S. callidum T
39.8%, 14.6%BDMNBRETH -2, TNODE
Rz, A—72BTbZORERY, ABEDOEF,
RBIC L » TREZEBHSH OB EERLT
W3,

—7%, Garms and Ochoa (1979) %, S.ochra-
ceum DBRERIFEHEOBVEIANCDLEL %3
SOOHEAHBNEE <4 — v 3AOhkEwn, L
L, S metallicum TRBEEL 2 —-0—8
ERIFITICEL, FROBHITEL, BUSF
BOBORBAITE—RBEONB T L eREL
720 L& L, Collins etal. (1981) %, FEHRAE
DR S S, ochraceum ORERITFRIF (6—
1K) RB27ZUT & &L, 1NFU#HRRAC ERL




13—14BF TR R4S ICET 2 A A HNEH)
2 — v ERTH, S metallicum, S. callidum ¥ X
K S.downsi TlREDEI %z -3 AHSH
Zlpots, LREBIMBRTEXTVE, wThic
L3, COLIBERCHEAEHSHZDONS
T2 BOHE, FEINBEFICK - THRE
BREIRES BT B EBTFRENWZDOTH
BETA2LENDHI,

W iMmfEIfE (Gonotrophic cycle) i H> & RD
Welfl & ClicE 4 3 (Gonotrophic cycle) Z,
72BN TRELZTET LI Gedh s m H Ok
MEFICRD NICEYPFIRETH B 055 LT, K
EEETH %, Gonotrophic cycle {2, Rl
T2DOREORERENMICLY, HIBREHEI N
%, Cupp and Collins (1977) i1z, BEHILBWT
S. ochraceum DYPE A follicles @, Fk% S i
RmEDORE, €| CENBROEIOEE LR
BB L, Rk BB IR A3 58 K3 5 & Tic 25°C
T48EH % E L 72 L ;BT\ 5, Watanabe ez al.
(1980) i3, 22°C DIREEHTCIEREIC4H
ET B EFHEL. Monroy (1979) B U
Takaoka et al. (1982) IO REHF ICE ST SN
REEEEICE-TRA2D, 22°C P ETid2H,
BEN 22°C X0MEAAENE3—9HEELSLRS
ZExWE L7z, —F, Garmsand Ochoa(1979)
ix, S.ochraceum, S. metallicum & & 20—27°C
OB TFTTHRM%2 3, ABHIENRTI LS
BELI,

¥ 72 Garms (1975) 3, EIDHSKRORME T
OREIB LT, FRiPIcEREI L5 REMREE
Hcld dilatation /M3, FEOMEH T
BRTKRKEW, End dilatation DKRE X iC B
ZLRRARANE - BHELRBEL, BOBO
MEHBLULOEMEBEEBRETHAH LHE
L7zo L729%- T, Gonotrophic cycle o i
EROERETO PH L FIZFEL V240 L
ELTw3 (Garms and Ochoa, 1979),

FEIC, Garms (1975) %, K%\ dilatation
*ETOREMOHENFRICHE A LNS, S
ochraceum D FEINIZ, Dalmat (1955) oO#Hi& L

13

ek, FHO BwEL (0—28) KBl
TnBEALS LT3,

—7, Gonotrophic cycle HIH D7 2D 3%
BRICOW TR S bhP > Tk, Cupp and
Collins (1977) 1%, Anthron 7= bick b, S.
ochraceum DRBEEB L BREMOB OB DT70%,
65BICRIEOBEME=BE L7z, CORRDPS, 1
| @ Gonotrophic cycle #% b, RO WRIME *E
FTDDZIAF~FHELT, BB (27 4-)
BRHETHHD LML T3,

i » o SRRERE TO PR O KR tkik8
FICONTR HEVREZINT Wik \e Dalmat
(1955) i3, 7" = R EM i3t Ick I LT
52k, F-ABIEH EOEPHBITKIEL T
% ——>Simulium ochraceum 37TREHs# | 4—34
m ODEFINS, S metallicum 11{EE D 6—16m
POBREINTVWE—C EZBE L, LIL
WS, BEAC LICIOKIEFORENED K
3 AEEPREB— b B RKIM, R, JIa
BEE——TH-72ODITODNTRMA ST
K\

EHFE 72fB0oBAERE, Ov.mf 2L
DAET 2B HORERTETCLEOMDOE S
THFETE, IoWBRPEHHEET 28E DA
ELEUNDZDLENS CLIKEELT, AT 20
BN EATIEELXERDO—DTH 5,

L Lads, @b RE v
TREFEPSRMIGAEHBEL T L E, K
HOFMEBEOHEI ML, BENEROFEREL S LIT,
BET2DOAEFREBEHERD S C LRBETEA
AETH S, TrREAFEIRERRICHRE
7z (Figueroa et al., 1977; Matsuo et al., 1978)
L2L, UL R 2ol imicE T Lid, &
RELT, 4BOMELLTEINTNS, 127,
mf 2EDCARBRET A BZTOEERICEDL
SHEEBYS FADIKOVTIE, mf BEEDC
HDHE2UEMLUNORBETHALNE T &,
ZLTCEOHBOBREI 72tk - TREL R
k52&, LL, 2HEUBRD AFRIIEGRT
2 LHERBYPT 2 L TRENE N LRTTITBRN
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TetBOTHB,

—h, BABREOEENCAEBERELHEET SN
#d2 3EASNTE /. Dalmat (1950, 1952)
B L ¢ Dalmat and Gibson (1952) i3, =—+
YIEREHNT, BHATOT 2B 0FMICHET
LEBR®T-7, Chick s L S ochraceum T
620, S. metallicum T8 HB XU S. callidum T
63H HitRED~ — 7 HEERSEREhTw 3,
WTFhOB BN TCOLEFERBTFRUETEALC
LI N, BEEVSEHEMTONT
RhoshTnitv, 7 O.v.mf RAEHELXR
mIgrc B D B4&IE, 38 UR R Ihit
< —7fAkoHIC O.v. HEBIRHBIN Tk,
DT EDPORECID T 2OEFEMET L
DA LA LTS (Dalmat and Gibson,
1952), :

Watanabe et al. (1980) i3, 20°C DEETTO
S. ochraceum @ Gonotrophic cycle DR (5
H), 7z, BHATEERDIEER (48.7%)
TRAVWTIHOFEEFE 2 0.866& FHHL 7,
D& 91T Gonotrophic cycle @ H¥ & ERER
OEDPCHEGRERD L kbbb, LL,
ChiCZHAREN—BEHELTIWDD, %
CORMREGEHRATILENDHAD, T2, T
TICBERTERLSWK, 720BOREICETS
LZHBREBEZECL - TREEANDYD, SO
EROGHT, Zfi, Thickilick - THEE N
RKENZLEDS, ThoDEPSHEFEREHT
BAHEINERIhE S,

ZoiEMic, BARKETTCO7 246N TD O.
v. YRRFHEDO 77— L, F—HBIC BT
T2 BHLTCHBONhE 0.0 HhEOKR
TF—VHORFRLEDSHEGRFH T HEL L
LHINFERRAONTVE N,

FRIMEERE 7 = RAEDORMRES 13, WiTHOKX
& &, K, EROBHA L cEETIEELR
FTH 3, Dalmat (1950, 1952) 35 &k X Dalmat
and Gibson (1952) 3, Bt L7z =—%F > 7'k
ERWT, RERMEREEL LT S ochraceum T
10.1 km, S. metallicum T 11.7km BX U S. cal-

lhidum T 119km %#EH LT3, Tz O. v
mf REZEPSRMIE7EE, BRLIe—7
f@tkn> 5 0.0 YBERAE L T 3 @k
T, BOBD 464km (S. ochraceum, 3HH) ,
432km (S. ochraceum & 8. callidum, 4 H H)
BATHREIN TS, COTLEDPORYET 2
ORAENZIDPZDFRINTHEEAS LR
LTwn3,

Annual Transmission Potential —4ER]ic—
AD ADEGG R F > T B 7 2 T[] R I S
35 (Annual Infective Biting Density), ¥
o MED Rfashdic Bt X h 55 (Annual
Transmission Potential) (34T HiD IZ#D 818,
RICRHEO B3 2 HEHAT KahiglBic 25
(Duke, 1968), 3 Cic, 77 Y h Db ZHIRTII
FiTH R AIBD B XUt ATP #S#HEILER
o mf BER, O.v. TERKETSHEER, EE
BLUKBEREEEHE LA v a e v EDREK
TOBRMENRAEINTVWS (Duke etal, 1972;
Thylefors et al., 1978 % &),

—%, V7o i RBWTREIETCRZEDOR
BERRAASN T ED- T2, Collins (19792) 13
TBWwWT, —EMORAE L
T\, S. ochraceum @ 0.31% WCRGeshh % BH
Ltz TOMEEEBD S. ochraceum D HESE M@
BEEMNMS 2D Finca ® AIBD ## ¥4 53 &
540L %%, F7z, 7= 1M@ELD ORGEL S
22BTCH-1DT ATP (31,188 LiEEEI N B,
772 L, CoZoDfEiZ, Duke (1968) HEE
OEBEE LS ANDOBRRERL 772 OB
FEEEHOTHELTWEWDT, 77 ) A TH
LEINTVAELEEEBIITE kv,

FTTCIRBEINTVEIIIL, FryF=708
N7 20 AKRESEE (0.02—3.2%) &, 77
HOEHR7T 2 DBFERB L TEDDTEN, L
7edio T, EED AIBD 8L ATP #*#k»k
SEvhid, BAHABO7 2+ BRELIKRT S
CEBPELE-TTED,

Finca Los Tarrales



6. O. volvulus—i%9t 71 complex
CHEKXEFTERH

A ¥ a e HEERE, RITHOAMNOERP
BeDHRBEERICX - THRESEEINS
ZLREDIFETHEN, L LENS, ThHD
BERICOWTRAFOHAINThZ N,

BRREEO of BE AMOERO—DLLTE
B mf BEZ For~rd mf BEOHELHH
BRYPEICED D 3D, Lw) ETHEENICLEE
TdH 5o Collins et al. (1977) BRIT b7k
S, mf BEDO R% 2 REEIOAT R, S
ochraceum 1Tk % mf L0 ZAHE, KH~0OB
178, 328 L 2REE G R THEDB%
WA, TORKE, mf BEL LD ETh7zmf
BLEOMiIKiZE- &0 LABEREAS5NED - .
—%, Bidlikdic, LhFEhsz mf H &l
HogBEE X CREBHEE, 5T 20K
LREDOEICIIHSPEMEBEBEAONTWS, C
T, mf BEMN 0 BXU 05mi/mg & {EWiE
BEDPSTHEOBDO 1ML DEHL7, 478
DO mfBEDZEN, ISRENFhNBFEE0.04,
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0.178DBYIBICBRE L TwWAHT L, T, %
NZHORBENBOBD5.3BLU9.2%0D7
LRGP ERILIE TS (RYEBhd) T Li
S (I ,

COMEIR, mf OBESMIABREBLTY
—ThLEBORENT & (Zeaetal, 1980), %
Nicks 2 AMROBRIEAL, Fo7 2Btk 3R
MEPAEREZ EEZBELC, 2 o IFMEHRE
BEEh 5B,

BRE —F, BREEZEHRIK>WTZ, 0. v.—
7 2 complex ICHTAEEOEENHEEINT
W37 tdH B (Monroy, 1979; Takaoka et al.,
1982) .

Monroy (1979) |25 & O1EE % T ¢ S. ochra-
ceum AT O.v. $HO REXHR L/, £
DWER, BREMITOREIRX 18—30°C OfWH T
Aohs s, RERERZEBEED EHICHML T
B EB L ERE L, T, BREEHGBODH
Sbh2ETOT2DERFRILDLETNT, 22—
24°C OBREHBHBERICHEEILAD LBXTw
%o

—7%, Takaoka et al. (1982) PRFEBEOEER
17\, S. ochraceum BN TD O. v. YYHDORE

Table 3 Comparison of infective fly day period in nine groups of §. ochraceum which were ted

on a carrier of O. volvulus microfilariae and were kept at various constant temper-
atures or at fluctuating temperatures by day and night (arranged from Takaoka

et al., 1982)

Duration Survival % Females with  Life expectancy Infective fly
Tempera-  of larval probability infective larva(e) with infective day period
ture (C) development on day n among survivors larva(e) (in day) [10x (1)
(in day) (n) (1) through n days (2) (3) X (2) x (3)]
20 16 (13)*  0.229 (0.295) 33.3 (26.3) 4.1 (7.1) 31.3 (55.1)
22 8 0.508 43.3 4.5 99.0
25 6 0.501 30.0 4.4 66.1
28 4 0.051 33.3 0.5 0.9
10-25 13 0.249 11.8 3.5 10.3
12-25 17 (13) 0.265 (0.315) 43.8 (38.8) 5.2 (9.2) 60.4 (112.4)
14-25 13 0.505 45.7 5.4 174.6
16-25 13 0.656 47.7 5.8 181.5
18-25 10 0.438 38.1 3.4 56.7

* Figure in parentheses shows the value calculated if the duration (r) were 13.
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* 20—28°C o THBELTw3, €L,
ZOREREL BELO BFEE y=—03760+
0.0222x (y: BEHE; z: BE) ORXRTEbL

o 2, BEOERBHMBIREBXIZTHE Y, mf
VREBGBICRETI2ETCIERL T =
DEE, EFE7 205 bEEGHERE L TR
HE, BLUBEOFARGD I >OHFEOEL
LCHll» 7. £D4E5, Monroy (1979) O#HE
LZIBRAL L, 22—25°C OREGHCEBSE
WENWZ EMRE N7z (Table 3),

Takaoka etal (1982) I3, FEICEEKH
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HMoBEE® 25°C 1thb, KEOEREEZR 10,12,
14,16°C L REFHEAREE (17°C) LITic L=
&TH, O.v. $HHOEERFEDOH, #H2:EM
BICRPER G 7 2 OEBICABI TR S,
¥/, BROBESRMEDH 25/14°C, 25/16°C,
XUt 25/18°C DL &, 720 EWMHRI—E
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Figure 2 Infective fly day periods in the groups
of . ochraceum which were fed on a
carrier of O. volvulus microfilariae
and were kept at various constant
temperatures, and their relation to

the number of gonotrophic cycles.
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Figure 3 Infective fly day periods in the groups

of S. ochraceum which were fed on a
carrier of O. volvulus microfilariae and
were kept at different temperatures
of night time (14 hr) but under a
constant temperature of 25°C during
the day time (10 hr), and their relation
to the number of gonotrophic cycles.

Vo SFkiard BURA0T, £&L LT %
BhBO ST PA->THMNIKE S E BT S
(Table 3), Figure3, 4 iTi, KiBELHTOIE
WshaR & GG R A R TTREIC A 5 £ T D Gono-
trophic cycle ORI EHERWITR L1zo Taka-
oka etal (1982) 13, COERNIS, Vri=
DA ¥ A& A RERIT AU OB 2 b
ELw~ (EMEZ 17°C LIF) & 500—1,500 m
DOHBICHHE LTI rEEBR LTS, T,
WAITHHB ChE D BB~ ER L 2O i3
7 2 8. ochraceum BEHBICTHA SN ENTHT
0, #FiK, FITHEROBABIZSShENW
DIFERD 2D O. 0. JROBREHIEF/-EIRE
BERBEDTHAD LERLTNB,

—F, WITHATHEE— Lichio TRESR
H—CZBHY, ERE—RICBI>TRBE
3%z 5h%i\w, Takaoka et al. (1981) {3 "S.



ochraceum HRTD O.v. HHHREFII EHEE
BRICEAINSG, LOFOERERICLEDN
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The present paper was read as a special presentation at the 31st annual meeting of
Southern Region of the Japan Society for Sanitary Zoology held at Kumamoto on No-
vember 7, 1981. It reviews chiefly the recent advances of knowledge on the biology and
ecology of the adult blackflies in relation to the transmission of onchocerciasis in Guatemala
and also outlines the history of the research work carried out during the period from 1915
when Dr. R. Robles discovered onchocerciasis in his country, to the present time. The
contents are summarized as follows: 1) Simulium ochraceum, S. metallicum and S. callidum
were incriminated as the vectors of onchocerciasis in Guatemala on the basis that they were
naturally infected with the third-stage larvae of Onchocerca volvulus, whereas S. gonzalezi, S.
haematopotum, S. veracruzanum and S. horacioi were regarded as potential vectors due to their
capability of supporting the larval development to the third stage experimentally. 2)
With regard to the fate and migration of microfilariae of O. volvulus larvae, it was reported
that the numbers of microfilariae taken up by the three vector species mentioned above
were usually larger than might be expected considering the microfilarial density in the
skin. The percentage of the microfilariae developing to the third stage per individual
females was very low, ranging from 0.2 to 4.3%,. The decrease in the number of the larvae
was caused by various factors differing between the blackfly species. In §. ochraceum most
microfilariae ingested were damaged and killed by the toothed buccopharyngeal armature
when they passed through, and only a few larvae could reach the thorax where most of
them developed to the third stage. Whereas, in S. metallicum which had no such armature
as a barrier, about 709, of the microfilariae ingested could penetrate through the wall of
the midgut, but in the thoracic muscles inefficient development occurred with many
undeveloped and/or abnormally formed larvae still remaining even after the normal
period required for the completion of the larval development. The proportion of S.
ochraceum fed on an 0. volvulus-microfilariae carrier becoming infected with the third-stage
larvae was three times higher than that of S. metallicum. This difference was mainly due
to the latter vector’s high mortality within 24 hours after ingestion of microfilariae usually
observed when large numbers of microfilariae were ingested. 3) Concerning biological
and ecological aspects of the vectors, it was shown that S. ochraceum was highly anthropo-
philic but §. metallicum and S. callidum were more zoophilic. The most predominant
anthropophilic species were S. ochraceum and S. metallicum, although their relative proportion
differed between localities, by months and even within a day. The proportions of the
parous females of these two vectors caught on man also varied greatly depending on the
situation. The duration of the gonotrophic cycle of S. ochraceum was estimated as two to

Division of Medical Zoology, Medical College of Oita, P. O. Box 37, Oita, Japan.
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four days in nature. 4) Among the factors influencing the transmission, various degrees
of microfilarial densities in the skin were assessed in terms of the infection rate of the
blackflies by the third-stage larvae, and it was shown that even a person with very low
microfilarial density such as 0.5 mf/mg in the skin could become a source of infection,
yielding a low percentage of S. ochraceum females harbouring the infective larvae. It was
reported that the temperature greatly influenced the development of O. volvulus larvae in S.
ochraceum and also the latter’s longevity. The development of larvae to the third stage
took place between 18 and 30°C, and its duration ranged from four to 13 days increasing
with the decrease in temperature. Temperatures fluctuating by day and night to simulate
natural conditions did not adversely affect the completion of the larval development
nor the vector’s survival even when the temperature during the night was set below 17°C
(predicted developmental zero point).
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AN AUTOPSY REPORT OF LASSA FEVER IN
ONITSHA/NIGERIA/1974

Kiucar SaTto,* Sivanus E. Ikerionwu and KennNetH C. KaTcry
Recieved for publication September 24 1981

Abstract: The present report is one of the autopsy report of Lassa fever in Nigeria,
1974. Hospital epidemic of Lassa fever occurred in Onitsha of Nigeria. A 29 year old
German physician, E.S. working at the St. Charles’ Borromeo Hospital in Onitsha com-
plained abdominal pain on February 10, 1974. At that time intermittent high fever up
to 40°C, headache, malaise and vomiting were also noticed. On Feb. 15, sore throat and
high fever lasted. On February 17, sore throat got worse and temporary fall of temperature.
On February 19, severer sore throat involving tonsillitis, ulceration in the soft palate and
cervical lymphadenopathy were found. Tracheotomy was performed because of dyspnea
and resulted in profuse bleeding, clotting time 17 minutes. Some petechiae developed on
the face. On February 20, 1974 there came convulsion and coma, then death. Blood
culture was negative. Isolation of Lassa virus was successfully performed from the pleural
and ascites fluid of the cadaver. Histopathologic examination of the organ specimens was
performed in Tokyo and disclosed following findings. (1) Viral hepatitis. (2) Acute
splenitis.  (3) Focal glomerulonephritis.  (4) Localized fibrosis of myocard. (5)
Marked congestion and edema of both lungs. (6) Lymphadenitis. (7) Meningoence-
phalitis. According to these findings, we obtained following comments: Necrosis of
nerve cells in the brain and liver cells, and focal necrosis of glomeruli may be attributed to
primary damage by the virus. However, pathognomotic change in the spleen, acellular
eosinophilic necrosis around follicle: and in Billroth cord (Edington 1972) seems to be
deposition of hyaline like substance resulting from increased permeability of capillary
in the marginal zone of follicle and Billroth cord.

INTRODUCTION

Lassa fever is an acute febrile viral disease first observed at Lassa in Northern
Nigeria in 1969 (Frame et al. 1970). The new virus was first isolated by Buckley
et al. in the same year of 1970. Up to 1973, four autopsies Lave been performed
out of a total of 19 deaths recorded in 4 outbreaks. The first and second cases were
performed at Lassa in 1969 (Frame et al. 1970). The third and the fourth cases
were performed at Jos in 1970 (Troup et al. 1970). However no histological findings
of the first case were published (Frame et al. 1970). Troup et al. (1970) had reported
the third and the fourth autopsy findings in 1970 an? Elington et al. (1972) lLad
described detailed pathological findings of tl.e same autopsics in 1972, but tl e ¢! anses
in the brain were not described by any of these authors.

University of Nigeria Teaching Hospital, Department of Pathology, Morbid Anatomy Section.
* KucHr Sato: Visiting Professor of Nigeria University in 1973-1974. Present Adress; Dept. of
E.N.T., Kanazawa Medical University, Uchinada, Ishikawa, Japan,
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Authors had an autopsy case of Lassa fever in hospital epidemic that occurred
in St. Charles’ Borromeo Hospital/Onitsha in the East Central State of Nigeria in
February 1974. The present report described the autopsy findings of our own.

CLINICAL ABSTRACTS

Dr. E. Saurwald., a 29 year old German Missionary Medical Doctor in St.
Charles’ Borromeo Hospital became ill on February 10th 1974 with generalized ab-
dominal pain and loose stool for one day. Later he developed intermittent fever
(40°C) associated with headache, general malaise and vomiting. Ampicillin 250mg
6 hourly was given from the 5th day, but was ineffective. On the 6th day, he de-
veloped sore throat and his fever continued. On the 7th day, his therapy was
changed to Chloramphenicol following a diagnosis of typhoid. On the 8th day, his
sore throat got worse and he was given to start on 60 mg of Predonisolone. His tem-
perature now fell and remained steady untill the 10th day, but in the meantime his
throat infection became severer with involvement of tonsills and ulceration of the
soft palate. He also had cervical lymphadenopathy and developed respiratory
obstruction, for which tracheotomy was performed by a colleague, Dr. Mandrella.
Following this, the patient developed profuse bleeding from the operative wound.
A clotting time of 17 minutes was recorded and he also developed some petechie
on the face. A few hours after the operation he started having convulsions and went
into coma. He died 10 hours later on February 20th, 1974.

Laboratory investigations showed normal haemoglobin throughout the illness.
W.B.C. varied from 4,100/cmm. to 7,500/cmm. with a differential count showing
relative lymphocytosis. The blood culture grew contaminants only. The isolation
of the virus was not performed clinically. An autopsy was performed later at the
University of Nigeria Hospital.

Macroscopic findings

External examination of the body showed several petechie on the forehead and
on the scalp. There was tracheotomy wound at the 3rd tracheal ring which ap-
peared clean. The peritoneal cavity contained 1000 m/ of straw coloured fluid and
the pleural cavities together contained about 500 ml/ of haemorrhagic fluid. The
brain weighed 1600 gm. The surface of the brain and the cut surface showed evi-
dence of oedema. The tongue was normal and both tonsills were enlarged and
congested. No evidence of any ulceration of the stomach or of the rest of the gut
was noticed. Liver (1,500 gm) was normal in colour and surface showed a few
distended bile ducts. The gall bladder was distended with bile. The tracheal lu-
men was patent. The lungs which weighed left 750 gm and right 900 gm were
markedly congested massive and subcrepitant, especially in the lower lobes. The
pleurae were also congested. The spleen (240 gm) appeared normal. There was
no lymphadenopathy. The pericardial sac contained a few mililitres of straw col-
oured fluid. The heart (400 gm) contained post mortem clots in all chambers.
Both kidneys (150 gm each) appeared normal with normal corticomedullary dif-
ferentiation,
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Microscopic findings

Section from the brain showed meningoencephalitis. There were oedema,
congestion, scattered necrosis and neuronophagia of the nerve cells in the cerebral
cortex (Fig. 1, 2). Occasional perivascular infiltration (cuffing) of lymphocytes
and histiocytes (Fig. 3, 4). Meninges showed congestion, oedema, slight infiltration
of lymphocytes and histiocytes (Fig. 5, 6). The liver showed viral hepatitis. There
were scattered eosinophilic necrosis of individual or small groups of the hepatic
cells without cell infiltration. Periportal round cell infiltration (up to moderate
degree) and slight fibrosis (Fig. 7, 8, 9). And neither bile stasis nor fatty changes
were seen. The spleen showed slight fibrinous perisplenitis. There were marked
congestion and deposition of hyaline-like substance around follicles and Billroth’s
cords (Fig. 10, 11). Marked deposition of lymphocytes and reticular cells and
occasional intrafollicular bleeding were seen. In addition, there were pavementing
and subendothelial infiltration of lymphocytes, plasma cells and monocytes of tra-
becular vein (Fig. 12, 13). In the kidney, there were scattered focal necrosis of the
glomeruli, interstitial oedema and slight fibrosis (Fig. 14). Scattered granular and

Figure 1 Neuronophagia of necrotic nerve cells Figure 2 Necrosis of nerve cell with fairly prom-
(Bodian’s protargol method, x 400). inent nucleolus. (Bodian’s protargol
method, x 400).

Figure 3 Perivascular infiltration of lymphocytes. Figure 4 Perivascular infiltration (Cuffing)
(H.E., x 100). f ' was not so remarkable. Lymphocyte
o and monocyte. Congestion. (H.E.,

% 400).
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Figure 5 Meningitis,  slight infiltration of  Figure 6 High magnification of Fig. 5.;
lymphocyte and histiocyte in congested Infiltration of lymphocyte, plasma
meninges. Congestion of grey matter. cell and histiocyte. (H.E., x 400)
(H.E., x100).

Figure 7 Slight fibrosis of periportal area of the Figure 8 Infiltration of lymphocytes, plasma

liver. (Pap’s silber stain., x 40) cells and histiocytes in  Glisson’s
sheath. No bile stasis. (H.E., x 100)

Figure 9 Necrosis of individual and a small Figure 10 Pericapillary deposition of PAS
group of the hepaticcell. (Pap’s positive substance in marginal
silber stain., x 200). zone of follicle. Scattered reticular

cells, in spleen. (PAS., x 100)
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i e

Figure 11 Perifollicular deposition of hyaline- Figure 12 Pavementing and subendothelial
like substance, in spleen. Lymphocyte infiltration  of lymphocytes of
depletion of follicle. (Masson., x 100) trabecular  vein. Lymphocytic

infiltration is seen 1In  media.
(PAS., x100)

Figure 13 Subendothelial infiltration of lympho-  Figure 14 Focal necrosis and destruction of
cytes, plasma cells, eosinophile glomerular tuft of kidney. Interstitial
leucocyte and others in  spleen, oedema. Advanced post mortem
(PAS., x400) change of tubular epithelia. Slight

thickening of Bowmans’ capsule.
(PAS., x200)

: e - o | - -
Figure 15 Marked congestion and oedema of  Figure 16 Circumscribed fibrosis of myoca-
the lower lobe of the right lung. : rdium and degeneration of muscular
(H.E., x400) : - fiber of the heart. Interstitial

oedema. (Azan., x400)



28

hyaline casts were seen in the tubules. The lungs showed marked congestion and
oedema (Fig. 15). Slight bleeding in the lower lobe of the left lungs and scattered
heart failure cells in the alveolar lumen (Fig. 15). No interstitial pneumonitis was
seen. The hilar lymphonode showed congestion, lymphocyte depletion and slight
anthracosis. No remarkable reticulosis of the lymph node was seen. The cervical
lymph node showed lymphadenitis. There were congestion, marked depletion of
lymphocytes and reticulosis. The heart showed interstitial cedema, circumscribed
fibrosis and degeneration of the myocard (Fig. 16). No remarkable change in the
valvae was seen. No ulceration in the gastrointestinal tracts were seen. Perito-
nitis was present. Congestion and atrophy of the thyroid were seen.

Isolation of Lassa virus

During our autopsy, the pleural and peritoneal fluid were obtained and had
been kept in isolated refrigerator at outside of our hospital. Later, authors had
brought this specimen, which was kept in absolute ice box, to Prof. Fabiyi who
was in virus labotatory of Ibadan University/Nigeria. On 29th June 1974, authors

received the result of specimen, which was surely described “positive of Lassa virus”
(Fig. 17).

29th Jwe, 1974.

Thro: Dr. I. 0. K. Udeozo
Head, Department of Fathology.

to: Dr. S. E, Ikeriomm,
Regigtrar in Pathology
University of Iijeria Teaching Hosyital
Bnugu. E.C.S.

Dear Dr, IL:erionwu:

e: Dr, Bron Saurwald's Specimons
YRL 2ef, Yog, F70145 and 79146

Thank you for your letter of June 14, 1974 re the above specinmens
(Pleural and veritoneal flulds). I can confirm %hat tiese have
been shown to be pocitive for the presence of lassa virus (by isolation).
There are no serological reports as you did not send us any serum
from this patient.

Severa) strains of the Lassa Virus have heen iczolated from rodent,
Hagtomvs patalemsis, only. liost of taese strajnc were from rodents
caught in the houceholds occupied by lassa fever patients (Uonath, T.0.,
C.D.Cu Yorbicdity m:d lortality Veekl; “epurt Vol, 22, io. 24, June 16,
1973). ‘lowever t:ese isdlutions, important as they are, do not
necessarily inlicate that !gstorys patalensis ic t:e reservoir for
Lassa virus., ‘ork on thig as=ect is in w0 ress.

If T can be of {urther service please do not hesitate to get in
touch.

Yours sincerely,

(Sgd.) Avinyele Fabiyi
Trofessor & Director.

ee: Dr. I, C.. X, "deozo.
Paof. kSl

Figure 17
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Hospital epidemic in St. Charles’ Borromeo Hospital

There was no detailed report of hospital epidemic in St. Charles’ Borromeo
Hospital/Onitsha of Nigeria in February 1974. However, authors had been given
some document about the hospital epidemic by Dr. Mandrella of St. Charles’
Borromeo Hospital, before autopsy. According to his document, a boy of 19 year
old had got common cold with high fever and was admitted to this hospital, sus-
pecting malaria. However, high fever of this patient did not decreased and contin-
nued. In this time, nursing doctor for this patient was Dr. Egon Sauerwald, whose
clinical document had already described. In the late stage, Dr. Sauerwald was
received tracheotomy by Dr. Mandrella. Dr. Mandrella had been also infected
with Lassa fever, after ten days our autopsy. Fortunately, Dr. Mandrella was
transferred to his mother country, West Germany and recovered after the
antiserum therapy by Dr. Casals.

DiscussioN

According to the literature, there have been four outbreaks of Lassa fever,
two in Nigeria, one in Liberia and one in Sierra Leone before our autopsy. Of these,
the first outbreak was seen at Lassa, a town in the North Eastern State of Nigeria
in January, 1969 (Frame et al). The second outbreak of Lassa fever was at Jos in
January, 1970 (Troup et al. 1970). The third outbreak was in Zorzor area in
Liberia in March, 1972 (Mertens et al. 1973, Monath et al. 1973). And the fourth
outbreak was in Sierra Leone in September/October, 1972 (Monath et al. 1974).

Four autopsies were performed out of the 19 deaths that occurred in these out-
breaks. However, in the first necropsy, only macroscopic findings were described.
The second autopsy was performed by Prof. Stoerk, who described the histolog-
ical findings as marked congestion of the heart, lungs, liver, spleen and kidneys
(Frame et al. 1970). Another significant lesion found was in the submucosa of
the intestine which showed severe oedema. The third and the fourth autopsies were
performed by Dr. Troup, who, unfortunately, got the infection herself through an
accidental cut while performing the autopsy and died in February, 1970. Later,
the organs of the third and fourth autopsy cases were handled by Prof. Edington
who reported that the findings were somewhat similar to the pathology of Thai
and Bolivian haemorrhagic fever and he considered Lassa fever to be a new haem-
orrhagic fever (Edington and White, 1972). No autopsy was performed on any
of the deaths that occurred in the outbreaks in Liberia and Sierra Leone.

According to the detailed microscopic findings of Prof. Edington, the char-
acteristic lesion of Lassa fever is in the spleen and consists of an eosinophilic necro-
sis surrounding the depleted white pulp associated with pavementing and sub-
endothelial lymphocytic infiltration of the splenic veins. However, in our case,
we did not find the typical eosinophilic coagulative necrosis around the depleted
white pulp in the spleen. But we did recognize the deposition of hyaline-like sub-
stance around follicles and Billroth’s cords (Fig. 11). These findings seemed to be
deposition resulting from increased permeability of capillary in the marginal zone
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of follicle and Billroth’s cord (Sato and Akiyoshi, 1975). And we also found marked
widening of the perivascular space of the brain associated with perivascular cuffing
with lymphocytes (Fig. 3), which is suggestive of encephalitis. These histological
features of the brain are the first to be described in Lassa fever.

The clinical history of our case was very similar to those previously published
(Frame et al. 1970, White 1972, and Mertens et al. 1973). The isolation of the virus
from the blood or tissue fluids is the important criterion to the diagnosis of Lassa fever.
In our case, Lassa virus was reported to be isolated from both pleural and peritoneal

fluids by Prof. Fabiyi (Fig. 17).
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Abstract: We carried out the examination of drinking water in Indonesia for past
13 years. The present paper reports the resutls of bacteriological and potassium per-
manganate consumed test conducted from July to August in 1980.

Bacteriological examination revealed that Kiebsiella pneumoniae was isolated most
frequently from the drinking water in Indonesia, and Acinetobacter calcoaceticus, Aeromonas
hydrophila, Pseudomonas sp. and Pseudomonas aeruginosa were found next to it. Klebsiella
penumoniae and Acinetobacter calcoaceticus were found most frequently from drinking water in
Java, while Aeromonas hydrophila was isolated most often in Kalimantan and Sumatra.
From the samples of the tap water, Acinetobacter calcoaceticus and Hafnia alvei were found most
frequently, while from the well water, Klebsiella pneumoniae, Acinetobacter calcoaceticus and
Aeromonas hydrophila, and from rain water, Acinetobacter calcoaceticus and Chromobacterium
violaceum were respectively found.

From the results of the potassium permanganate consumed test, 629, of the drinking
water from Java were shown positive in this test, while 90%, from Kalimantan, 1009, from
Sumatra as well as Sulawasi were proved positive respectively. The correlation between
isolated bacteria and results of potassium permanganate consumed test was following;
All the drinking water, in which such bacteria as Escherichia coli, Edwardsiella tarda, Enter-
obacter aerogenes were found, showed positive also in potassium permanganate consumed
test, while only 33% of the drinking water contained Hafnia alvei was proved positive in
this test.

INTRODUCTION

Indonesia lies in the tropical zone, and with high temperature and humidity,
its climate is most favorable for the propagation of microorganisms. In most parts
of the country, sanitary conditions are far from desirable. Diseases like typhus,
cholera, dysentery, epidemic hepatitis, and various parasitosis are still high frequent
under the existing circumstances.

We focus our attention to the drinking water, as it plays as important role in
outbreak and transmission of these diseases. With the aid of Japan Association for

1 This study was supported by Japan Association for Tropical Medicine, the Ministry of Health
and Welfare and the Ministry of Foreign Affairs of Japan and the Tropical Forestry Association of
Japan. 2 Department of Microbiology, Kagawa Nutrition College. 3 Department of Medical
Zoology, Nagasaki University School of Medicine. 4 Department of Hygiene, Juntendo University
School of Medicine. 5 Japan Association for Tropical Medicine.
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Tropical Medicine, we started to examine the drinking water in each place of Indo-
nesia since 1968 and have conducted the study for more than ten years.

The results were shown that the drinking water in Indonesia contained a large
amount of microorganisms, and chlorinization of drinking water was never carried
out in any places in Indonesia (Fujita, Ikeda and Matsumoto, 1974). For example,
Escherichia coli was found in more than 109, of samples of the drinking water supplied
by Jakarta city, in spite that the base line of the drinking water of Indonesia was
prescribed more strictly by law than that of WHO (World Health Organization,
1971), and of Japan (Takeuchi, 1980).

In the present paper, we report the microbiological and some chemical study
of drinking water in Indonesia based on the survey in 1980.

PERIOD, AREA, MATERIALS AND METHODS

During the period from 4 July to 2 August 1980 in Jakarta and other main cities
of Java, Kalimantan, Sulawasi, and Sumatra, we collected samples from the drinking
water with cleansed containers, after washing them thoroughly with it (Table 1).
Each sample of 0.1 m/ water was dropped into 0.29, agar added to Brain heart
infusion broth to make semi solid medium with a sterilized pipet, and on our return
to Japan, it was cultivated with modified Drigalski medium, SS agar, TCBS agar,
NAC agar and Manitol salt agar. The isolated colonies were discriminated in the
procedure of Fig. 1-1 and Fig. 1-2, and their species were determined (Buchanan,

Table 1 Drinking water classified by regions and sources

JAVA KALIMANTAN SULAWASI SUMATRA
Tap water 9 0 0
Well water 35 7 5 10
Rain water 2 1 0
Total points 46 14 6 10
OF (F)
oxidase(~)
IPA
- +*
H,S
F 2' L
+
Indole VF
i — —
+ L Ornithine Indole
Lactose KCN decarboxylase (sIM)
+ - + 1s o+ 2
Escherichia Edwardsiella citrobacter + - Citrate Esculin
coli tarda freundii Motility u{(:;%;;g;ét))n o 1
(H29) (H28) - citrobacter
Klebsiella Citrate +¥ - freundii
pneumoniae utilization Escherichia
(SIMMONS) coli
+ 1
Enterobacter Hafnia
aerogenes alved

* not isolated

Figure 1-1 Procedure of discrimination of Gram negative rods.
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Oxitliase

1

m 9

[0 OF (0)
| Xylose(-)
F 0
growth at 37°C Acylamidase Acinetobacter
H T g 1 calcoaceticus
Lysine Lysine Pseudomonas
decarllzzoxylase decarllooxylase sp.
H 1 I 1
Mannitol Indole Pseudomonas Pseudomonas
ONPG Sp. aeruginosa
4% -
Plesiomonas
shigelloides 1
Arginine Chromobacterium
9, violaceum * not isolated

Aeromonas
hydrophila

Figure 1-2 Procedure of discrimination of Gram negative rods.

R. E. and Gibbons, N. E., 1975; Kozakai, 1974).

On the same time, each of 50 m/ sample water was taken to sterilized polyethylene
vessels, and potassium permanganate consumed test was carried out with Shibata
8052-05 type water gauge (Shibata Chem. Co., Ltd. Tokyo, Japan).

REesuLTs

Seventy six samples of the drinking water from Java, Kalimantan, Sumatra and
Sulawasi of Indonesia were examined first by the potassium permanganate consumed
test, which is regarded as the most important index among various kinds of chemical
examinations in connection with the water pollution. Results of the test revealed
that 629, of the drinking water from Java was shown positive in potassium per-
manganate consumed test, while 909, from Kalimantan, 1009, from Sumatra as well
as Sulawasi were proved positive, as shown in Table 2. When the positive rate
classified by the source, 179, of tap water, 829, of well water and 1009, of rain water
became positive (Table 3).

Table 2 Results of potassium permanga- Table 3 Results of potassium per-
nate consumed test from drink- manganate consumed test
ing water classified by regions from drinking water classi-

. fied by sources
Total positive
points (%) Total posgitive

JAVA 46 62 points (%)

KALIMANTAN 14 90 Tap water 11 17

SULAWASI 6 100 Well water 57 82

SUMATRA 10 100 Rain water 8 100

Table 4 shows the results of bacteriological examinations of drinking water in
Indonesia. It was Klebsiella pneumoniae and Acinetobacter calcoaceticus that were isolated
most often, and Aeromonas hydrophila, Pseudomonas sp. and Pseudomonas aeruginosa were
found next to it. Contrary to our expectation, Escherichia coli was found only in seven
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samples. When the strains isolated were classified by regions, Kliebsiella pneumoniae
and Acinetobacter calcoaceticus were most frequently found in Java, Pseudomonas aeru-
ginosa and Pseudomonas sp. followed them. In Kalimantan, Aeromonas hydrophila and
Pseudomonas sp. were frequent, and Escherichia coli was found in four samples. In
Sumatra, Aeromonas hydrophila was isolated most often, and Escherichia coli in three
samples. In Sulawasi, Acinetobacter calcoaceticus and Chromobacterium violaceum and
others were found.

Table 4 The number of strains isolated from drinking water classified by regions

Strains JAVA  KALIMANTAN SULAWASI SUMATRA ¢t Ho.
Escherichia coli 0 4 0 3 7
Klebsiella pneumoniae 19 0 2 3 24
Edwardsiella tarda 0 2 0 0 2
Enterobacter aerogenes 1 1 0 0 2
Hafnia alvei 3 1 0 1
Citrobacter freundii 3 0 0 2 5
Aeromonas hydrophila 2 4 0 7 13
Chromobacterium violaceum 1 2 3 0 6
Acinetobacter calcoaceticus 16 0 4 3 23
Plesiomonas shigelloides 3 0 0 0 3
Pseudomonas aeruginosa 5 3 0 2 10
Pseudomonas sp. 4 0 3 11

When classified by the source of the water, the results are shown in Table 5.
From the samples of the tap water, Acinetobacter calcoaceticus and Hafnia alvei were found
frequently. But in case of 57 samples of the well water, various kinds of species were

Table 5 The number of strains isolated from drinking water classified by sources

Tap water Well water Rain water I{Q:;:zl'ali\lg

Total points 11 57 8

Escherichia coil 0 7 0 7
Klebsiella pneumoniae 0 22 2 24
Edwardsiella tarda 0 2 0 2
Enterobacter aerogenes 0 0 2 2
Hajfnia alvei 3 1 1 5
Citrobacter freundii 2 3 0 5
Aeromonas hydrophila 0 11 2 13
Chromobacterium violaceum 1 2 3 6
Acinetobacter calcoaceticus 4 15 4 23
Plesiomonas shigelloides 0 3 0 3
Pseudomonas aeruginosa 1 7 2 10
Pseudomonas sp. 2 8 1 11
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found, but among them, Kiebsiella pneumoniae was most frequently found (in 22
samples) and Acinetobacter calcoaceticus was next (in 15 samples). From the samples of
the rain water, Acinetobacter calcoaceticus, Chromobacterium violaceum and others were
found.

Table 6 shows the correlation between isolated bacteria and results of potassium
permanganate consumed test. Among the samples in which Hafnia alvei or Chro-
mobacterium violaceum was found, only 409, and 339, of drinking water was proved
positive in the potassium permanganate consumed test. In case of Plesimonas shigel-
lotdes, this correlation was next lowerst value of 679%,. But, 1009, of drinking water
which contained such bacteria as Escherichia coli, Edwardsiella tarda, Enterobacter
aerogenes, Aeromonas hydrophila and so on showed positive also in potassium perman-
ganate consumed test.

Table 6 Correlation between the results of potassium permanganate consumed
test and the isolated bacteria

Strains negative sample (%) positive sample (%)
Escherichia coli 0 100
Klebsiella pneumoniae 4 96
Edwardsiella tarda 0 100
Enterobacter aerogenes 0 100
Hagfnia alvei 60 40
Citrobacter freundii 20 80
Aeromonas hydrophila » 0 100
Chromobacterium violaceum 67 33
Acinetobacter calcoaceticus 9 91
Plesiomonas shigelloides 33 67
Pseudomonas aeruginosa 5 95
Pseudomonas sp. 9 91

Discussion

We have conducted the examination of drinking water in Indonesia for 13 years,
and we found that the sanitary conditions have never changed during these periods,
as already reported by Fujita, et al. in 1974. Furthermore, according to the last
year’s survey, 30 among 54 samples (56%,) of drinking water in Indonesia contained
more than 102 coli-form bacilli per m/ (Fujita, Okuwaki, Ikeda, Tsukidate, Sugiyama
and Iwami, 1980).

Mohammedanism, which forms a basis for the life in this country, seems to have a
greatest influence to the sanitary conditions. Cities and villages are situated along
large or small rivers, which also serve as traffic routes. Peoples are attached to the
rivers, and use the water for drinking, washing vessels or clothes, bathing and washing
away faecal matters. An Islamic way of thinking that “flowing water is always clean”
brings about such a situation. People cannot even imagine that the water possibly
contains pathogenic microorganisms, Therefore, cholera, dysentery, typhus or



38

epidemic hepatitis became prevalent every year in each locality.

We have considered that the drinking water plays a most important part of the
causes of these diseases in Indonesia. Therefore, we carried out the more detailed
bacteriological as well as chemical tests of the drinking water in Indonesia in the
present study. In our bacteriological survey of the drinking water in Indonesia,
Escherichia coli, which suggests the existence of fecal matters, was isolated not very often.
But, bacteria such as Klebsiella pneumoniae, and Aeromonas hydrophila were found
regardless of the locality. As these bacteria are normally distributed in the realm of
natural and river water, we can infer that the admixture of bacteria by the bursting
of the water pipe from outside water occurs in almost all parts of Indonesia.

From the results of the potassium permanganate consumed test, 1009, of the
drinking water in Indonesia, in which Escherichia coli was found, was proved positive
also in this test, and over 629, of drinking water from each place of Indonesia became
positive in the potassium permanganate consumed test. These results will suggest
that the drinking water in Indonesia is polluted by fecal matters with relatively high
probability. It is hoped that the efforts to maintain the drinking water clean will
be realized in the near future in Indonesia.
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Abstract: Many Japanese inhabit tropical countries, and some of them are suffering
from infectious diseases. In order to know the relationship between the prevalence of
these diseases and the degree of faecal pollution of the drinking water, we have examined
the drinking water in these countries of the world, and at the same time we have studied
the infection rate of intestinal helminths of the Japanese who stayed 6 months or more
in these countries.

In total over 300 samples of drinking water from countries of South East and South
West Asia, Middle East, East Africa and Central and South America were tested with
potassium permanganate consumed test, and number of coliform bacilli from the drinking
water was counted after cultivation. Relatively high proportion of samples appeared to
be polluted by faecal matters. Then, we checked parasite eggs in the stool samples of
Japanese who used the water samples in the tropical countries actually. Eggs of Ascaris
lumbricoides, Trichuris trichiura, Taenia saginata and Clonorchis sinensis were found among the
Japanese. Infection rate of intestinal helminths was proved to be highest among Japanese
in Indonesia, and the rate was followed by those of people in South West Asia, in East
Africa and in Central and South America. The relationship between the infection rate
of intestinal helminths and the degree of pollution of the drinking water was studied.
Significant relationship was observed between the infection rate of intestinal parasites of
the Japanese inhabitants and the rate of water containing 10% or more/ml of coliform and
of total micro-organisms (r=0.957). However, no relationship between the infection
rate of Enterobius vermicularis among the Japanese children there and the degree of the
pollution of drinking water was found.

INTRODUCTION

At present time, over 440 thousand Japanese inhabit tropical countries, and

1 This study was supported by Japan Association for Tropical Medicine, Ministry of Health and
Welfare of Japan, Ministry of Foreign Affairs of Japan and Tropical Forestry Association of Japan.
2 Department of Medical Zoology, Nagasaki University School of Medicine. 3 Department of
Hygiene, Juntendo University School of Medicine. 4 Department of Microbiology, Kagawa
Nutrition College. 5 Department of Medical Zoology, Kanazawa Medical University. 6 Japan
Association for Tropical Medicine,
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the number of Japanese stayed in these countries is increasing, as the Japanese
technical cooperation with the countries is improved. The diseases from which
Japanese suffers in the tropical countries are infectious hepatitis, especially
type A, amoebic as well as bacillary dysentery, typhoid fever, various kinds of intes-
tinal helminthiasis and so on. These diseases are thought to be orally infected,
and among sources of infection, the drinking water is considered to be most impor-
tant as the main route of infection.

In 1968, we started to examine the drinking water from tap as well as deep-
well at various places in Indonesia. Results were shown that the drinking water
in Indonesia contained a large amount of micro-organisms. For example, Es-
cherichia coli was found in more than 109, samples of the drinking water supplied
by Jakarta city (Fujita, Ikeda and Matsumoto, 1974). The examination continued
to be conducted by us from 1968 until recently, but no good progress in the results
of the examination of drinking water was seen in the past 13 years (Fujita, Okuwaki,
Ikeda, Tsukidate, Sugiyama and Iwami, 1980).

From 1979, we have newly opened inquiry of the drinking water in many trop-
ical countries in the world including Indonesia. Results also revealed that com-
paratively large proportion of drinking water contained E. coli, and it was thought
to be polluted by faeces and sewage. On the same time, we conducted the survey
of the intestinal helminth infection rate among the Japanese who live in tropical
countries and use the drinking water in these countries. The present paper describes
the relationship between the infection rate of intestinal helminths among the Jap-
anese and the degree of pollution of drinking water in’the tropical developing coun-
tries.

MATERIALS AND METHODS

From April 1979 to December 1980, we have visited various tropical countries,
as shown in Table 1, and collected samples from drinking water with cleansed
containers, after washing them throughly with it. The drinking water from tap
as well as deep-well was dropped with a sterilized pipet into MacConky and CLED
agar (Uricult Set, Daiichi Kagaku, Co. Ltd. Tokyo) and cultivated according to
the previous paper (Okuwaki, Fujita, Sugiyama, Yanai, Yutaka, Tsukidate and
Asakura, in press). To determine the number of bacteria/m/ of the sample, the
density of colonies appearing on each of the slide was compared with the densities
on the model chart, according to our previous paper (Fujita et al., 1980).

Potassium permanganate consumed test, total hardness and other chemical
tests of drinking water were also carried out with Shibata 8052-05 type water gauge
(Shibata Co. Ltd., Tokyo).

On the same time, we have collected stool samples fféom the Japanese who in-
habited in tropical countries for at least over 6 months and were using the same water
we tested for drinking. The stool samples were put into the containers with 109,
formaline, and on our return to Japan, they were examined by Formaline-Ether
(MGL) method whether the Japanese suffered from intestinal helminths. Especially
the children staying in these countries were tested to determine the infection rate
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of E. vermicularis by Scotch Tape method (Yoshida, 1977).

REesuLTs

Potassiun permanganate consumed test of drinking water.

The greatest danger associated with drinking water in tropical countries is
that it has been contaminated by sewage or by human excrement. Therefore, we
examined first the potassium permanganate consumed test which is regarded as
the most important index among various kinds of chemical examinations in connec-
tion with these kinds of water pollution. In total, 383 samples of the drinking water
from tropical countries of South-East and South-West Asia, Middle East, Africa and
Central and South America were tested with potassium permanganate consumed
test. When the drinking water showing over 10 mg per litre in the test was regarded
as positive, the positive rate was shown in the left column of Table 1. The positive
rates of the drinking water from Argentina, Venezuela and India were proved to be
highest. The values of drinking water from Brazil, Taiwan, Iraq, Tanzania and
Bolivia were found next to them.

Determination of the coliform group and the total content of micro-organisms from the
drinking water. o .

The organisms most commonly used as indicators of faecal pollution are E. coli
and the coliform group. In order to know the degree of faecal pollution of the
drinking water in tropical countries, we picked up the samples containing 102 or
more per millilitre of coliform and of the total content of micro-organisms on the
same time. Among 298 samples tested, the drinking water from Malagasy and
Indonesia showed the highest degree of contamination with micro-organisms, and
the values were followed by the samples from Tanzania, Ecuador, Panama, India and
Mexico, as shown in the central column of Table 1. It is intresting that percentage
of drinking water containing micro-organisms from Indonesia was astonishingly
high, in spite of that the relatively low positive rate was found in the potassium
permanganate consumed test, as already mentioned.

Total hardness of the drinking water.

Total hardness of the drinking water was assayed, and results were indicated
as (1) to (6) according to the degree of the hardness, as shown in the right column
of Table 1. Relatively soft drinking water was available in areas of South-East
Asia and Central America, while harder water was obtained from Middle East.

Infection rate of the intestinal helminths in Japanese inhabiting tropical countries.

We have collected the stool samples from the Japanese who stayed 6 months
or more in these tropical countries, and examined parasite eggs. Eggs of 4. lumbri-
coides, T. trichiura, T. saginata and C. sinensis were found, and the infection rates of
these intestinal helminths were calculated in Japanese inhabiting Indonesia, South-
West Asia (India and Pakistan), Middle East (Qatar), East Africa and Central
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Table 1 Examination of the drinking water from tropical countries (1979 to 1980)
Potassium*! Coliform*2
Area comiry  permanganate bacill hardness
South East Indonesia 6/74 ( 8.1) 53/74 (71.6) (2)-(3)*®
Asia Philippine 5/13 (38.5) N.T.*4 (1)-(3)
Taiwan 4/7 (57.1) N.T. (1)
South West India 16/24 (66.7) 10/24 (41.7) (3)-(6)
Asia Pakistan 6/17 (35.3) 1/17 ( 5.9) (4)
Bangladesh 0/2 ( 0.0) 0/2 ( 0.0) (2)
Middle Iraq 3/6 (50.0) N.T. (6)
East Qatar 0/12 ( 0.0) 1/12 ( 8.3) (5)
Egypt 1/8 (12.5) 0/8 ( 0.0) (4)-(5)
Africa Kenya 10/34 (29.4) 3/16 (18.8) (1)-(3)
Zambia 0/9 ( 0.0 0/9 ( 0.0) (4)-(5)
Tanzania 7/14 (50.0) 7/14 (50.0) (1)-(2)
Malagasy 1/7 (14.3) 6/7 (85.7) (1)-(5)
Mozambique 0/17 ( 0.0) 6/17 (35.3) (1)-(2)
Neigeria 0/2 (0.0 N.T. (2)-(3)
Central Mexico 4/29 (13.8) 12/29 (41.4) (2)
America Panama 3/14 (21.4) 6/14 (42.9) (1)
Guatemala 0/4 ( 0.0) 1/4 (25.0) (1
Trinidad 0/5 ( 0.0) N.T. 4)
South Venezuela 14/18 (77.8) N.T. (3)
America Colombia 3/8 (37.5) 3/8 (37.5) (1
Ecuador 1/9 (1L.1) 3/7 (42.9) (1)
Peru 4/13 (30.8) 5/13 (38.5) (5)
Chile 1/8 (12.5) 1/8 (12.5) (5)
Argentina 6/7 (85.7) N.T. (2)
Paraguay 1/5 (20.0) N.T. (2)
Bolivia 1/2  (50.0) N.T. (2)
Brazil 9/15 (60.0) 3/15 (20.0) (1

*1 Number of samples showing 10 mg/! or more

in the potassium permanganate consumed test

*2 Number of samples showing 10%/m! or more

of coliform bacilli and of total
content of micro-organisms

*3 (1) mean value of total hardness of below 50 mg/! (2) 50-100 mg/!
(4) 150-250 mg/l (5) 250-350 mg/!
not tested

*4 N.T,:

Number of total

samples tested

Number of total

samples tested

(3) 100-150 mgj!

(6) over 350 mg/l respectivily
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Table 2 Correlation of infection rate of intestinal helminths in Japanese inhabiting tropical
countries with the degree of pollution of drinking water

South East South West Middle East Central and
Area Asia Asia (India, (Qatar) East Africa South
(Indonesia)  Pakistan) America
liumber of stool samples 219 80 48 89 296
ested
Number of parasite 17 (8.0%) 2 (2.5%) 0(0.0%) 2 (2.2%) 3 (1.3%)
positive samples e /e r /e e/ /o
Ascaris lumbricoides*! 12 (5.7) 2 (2.5) 0 2 (2.2) 0
Trichuris trichiura 4 (1.9 0 0 0 2 (0.8)
Taenia saginata 1 (0.5) 0 0 0 0
Clonorchis sinensis 0 0 0 0 1 (0.4)
Ntumber of Scotch tape 48 91 N.T, *¢ 75 105
ested
Enterobius vermicularis 4 (8.3%) 6 (6.6%) N.T. 5 (6.7%) 7 (6.7%)
Number of drinking 76 43 12 63 98

water tested

Potassium permanganate g (g g0/) 95 (58.1%) 0 (0.0%) 15 (23.8%) 25 (25.5%)

consumed test*?

Coliform bacillus*? 53 (71.6) 11 (25.6) 1(8.3) 22 (34.9) 34 (32.4)

*1 Number of stool samples having eggs of 4. lumbricoides

*2 Number of drinking water showing 10 mg/!/ or more in the potassium permanganaté
consumed test

*3 Number of drinking water showing 102/m! or more of coliform bacilli and of total content
of micro-organisms

*¢ N.T.: not tested

and South America. The Japanese we selected in each of tropical countries were
composed of persons from the same environmental as well as economical status;
they were members of the first class of manufacturing trading firms of Japan and
their families. Also, there were almost no differences in sex ratio and age of persons
composed among these areas except in the case of Qatar. As shown in Table 2,
the infection rate of the intestinal helminths among the Japanese was found highest
in Indonesia, and those of South-West Asia, of East Africa and of Central and South
America followed it. The infection rate of the Japanese in Qatar of Middle East
was proved to be null.

The infection rate of E. vermicularis was also examined with their children of
these areas by Scotch Tape method. The infection rate was also highest among
children in Indonesia, but the rate was not so different from those of the other
areas, and the infection rates of SouthWest Asia, East Africa and Central and South
America showed same value, as shown in Table 2.
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Relationship between the infection rate of intestinal helminths among the Japanese and the
degree of pollution of drinking water.

In order to know relationship between the infection rate of intestinal helminths
and the degree of pollution of drinking water, the potassium permanganate consumed
test and the examination of number of coliform bacilli as well as total number of
other micro-organisms were carried out and they were compared with the parasite
infection rate of the Japanese who were using water for drinking actually in these
tropical countries.

The positive rate of potassium permanganate consumed test and of water sam-
ples containing 102 or more/m/ of coliform and of total content of micro-organisms
were shown in the lower column of Table 2. Significant relationship was observed
between the infection rate of intestinal parasites and the rate of water containing
102 or more/m/ of coliform and total micro-organisms. Its correlation coefficient
was r=0.957, as shown in Fig. 1. However, no relationship was observed between
the infection rate of parasites and the positive rate of potassium permanganate con-
sumed test. Then the relation between the infection rate of E. vermicularis and the
degree of pollution of drinking water was examined, but no significant relationship
was found between them.
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Figure 1 Correlation of infection rate of intestinal helminths in Japanese inhabiting

tropical countries with the rate of drinking water samples having coliform
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Discussion

Water intended for human consumption must be free from organisms that may
be a hazard to health. Some countries have established national standards of
quality for drinking water and have achieved to get a certain degree of clean water
(Takeuchi, 1980). Others, however, still lack official standards of quality (World
Health Organization, 1971), and many tropical countries have no recognized methods
for keeping good quality of drinking water. Our previous study for 13 years in
Indonesia revealed that E. coli was always found in more than 109, sample of drinking
water and the situation have never changed during these periods (Fujita et al., 1980).

On the other hand, outbreaks of water-borne diseases are still prevalent in
these tropical countries and the Japanese inhabiting these countries are often suffer-
ing from these diseases. Some one says that they use water for drinking after boil-
ing it completely, so the prevalence of diseases is not ascribed to the drinking water
itself. However, it does not seem to be true. Present study clearly demonstrated
that the Japanese who used the water containing coliform group for drinking were
inclined to be infected with intestinal helminths. The result will suggest us that
the drinking water still plays important parts in the prevalence of the water-borne
diseases, even if people use the drinking water after boiling it completely.

At regional and international conferences sponsored by the World Health
Organization, the problems of establishing standards of quality for safe and accept-
able water supply in these countries have been discussed by groups of experienced
hygienists and engineers. Outbreaks of water-borne diseases will be avoided through
stricter control by the responsible health authorities of the quality of the water
distributed for drinking purposes. If the drinking water continued to be kept free
from faecal pollution in these countries, people in tropical countries including the
Japanese inhabiting there would not contact these diseases.
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OBSERVATIONS ON THE BIONOMICS OF LARVAL AND
MAN-BITING FEMALE POPULATIONS OF SIMULIUM
HORACIOI, A NEW POTENTIAL VECTOR OF
ONCHOCERCA VOLVULUS IN GUATEMALA

Hirovukr Takaoka
Recieved for publication December 21 1981

Abstract: Larval and man-biting female populations of Simulium horacioi, a new
member of the metallicum group and a new potential vector of onchocerciasis in Guatemala
were investigated as compared with S. metallicum s. str. and S. ochraceum in three different
localities of the endemic zones. Larvae of this species occurred throughout the year and
tended to prefer small permanent streams as a habitat; they colonized many temporary
streams too. Female §. horaciol was shown to be one of the main anthropophilic species,
although its biting rates varied from 0.06 to 29.0%, depending on the localities studied.
Seasonal change in its biting activity was distinct, exhibiting a peak in either September
or October (during the end of the rainy season). Dissections of 743 S. horacio yielded no
Onchocerca volvulus larvae, while the first-stage larvae were observed in S. metallicum s. str.
(2/1, 663) and S. ochraceum (9/1, 551), and the third-stage larva only in the latter species
(1/1, 551). On the other hand, females of this species were sporadically infected with
unknown filaria, mermithid and fungus.

In Guatemala, Onishi et al. (1977) found the unknown blackfly species belonging
to the metallicum group (n. stat.) which was readily distinguishable at the larval
stage from the other known Guatemalan members of the same species group, i.e.,
Simulium metallicum Bellardi s. str. and §. jobbinsi Vargas, Martinez Palacios and
Diaz Nijera. Subsequently, Okazawa and Onishi (1980) described it and gave a
new specific name, S. horacior.

Since this species has been shown to bite man (Okazawa and Onishi, 1980)
and to support the development of Onchocerca volvulus larvae to the infective stage
experimentally (Ito et al., 1980), whether this species is involved in the transmission
of onchocerciasis in this country has become a matter of epidemiological importance.

The present investigation was conducted to determine the relative abundance
of S. horacioi in larval and man-biting female populations and to assess its natural
infection with O. volvulus larvae, as compared with S. metallicum s.str. and S. ochraceum
Walker, the known onchocerciasis vectors in Guatemala.

MATERIALS AND METHODS

Investigations were carried out in three different localities: 1) in the upstream
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sector of the Rio Verde River, 2) in the upper reach of the Guachipilin River (both
localities were situated in the southern area of endemic onchocerciasis in Depart-
ment of Escuintla), and 3) in the Finca Rincén near Lake Amatildn, Department
of Guatemala, where the disease is also present. Detailed informations on the
topography and the water system of these three districts were already given in the
previous paper (Takaoka, 1981).

As for preference for a preimaginal site, larval populations of S. horacioi were
observed at fixed stations of various types of streams. Thesesites were: section O
of the main channel (permanent, 1.0-1.2 m wide), tributary G (permanent, 0.2-0.4 m
wide) and tributary H (temporary, 0.3-0.6 m wide) in the Guachipilin River
(fortnightly from September 1978 to January 1980); at the 1,300 m level of the main
stream (permanent, 0.8-1.2 m wide) and 1,200 m level of a tributary (permanent,
0.3-0.5 m wide) in the Finca Rincén (once a month from January 1979 to January
1980). Each collection was made for 10 minutes by two persons.

On the other hand, in the upper reach of the Rio Verde River, all the seven
streamlets as well as stretches of the main channel (all temporary water courses)
were monthly inspected from April 1979 to January 1980, although several streamlets
were preliminarily investigated during September to December 1978. Larval
collections in this area were made in each water segment by two persons for five to
20 minutes. Data on the appearance and persistence of the temporary water seg-
ments, as well as those of S. ochraceum therein in this region were also presented
previously (Takaoka, 1981).

Collections of adult blackflies were made monthly in the Rio Verde district
(from January 1979 to January 1980), and fortnightly in the other two districts
(from September 1978 to January 1980). Females landing on a human attractant
with lower parts of the legs and upper parts of the body (above the waist) being
exposed were collected by aspirator from 09.00-12.00 hr.

With regard to biting preference of S. horacioi on human body parts, a supple-
mentary collection was made in October 1979 in the Guachipilin River area.

All larval and female samples collected were brought to the laboratory (Guate-
mala City) and preserved in vials with 709, alcohol. These specimens were identified
according to the keys of Dalmat (1955). The identification of S. koracioi was based on
the original description (Okazawa and Onishi, 1980). This species was readily
distinguished from its senior Guatemalan members of the metallicum group (i.e.,
S. metallicum s. str. and S. jobbinsi) at the larval stage by the characteristic body color
and in the female by the color of the scutal pubescence as well as the shape of the
anal lobes and the presence or absence of the sclerotized seventh sternite.

In order to make the female’s identification sure, two steps were applied in this
study: First, among females belonging to the metallicum group, S. horacior was
separated from the other two members by the color of the scutal pubescence which
was yellow in this species but brown in the latter two species (This procedure was
made before samples were preserved in 709, alcohol). Secondly, on dissection in
the laboratory (Medical College of Oita) for O. volvulus larvae and other parasites,
the identity of S. horacioi was confirmed by observing the shape of the anal lobes which
was in lateral view much produced ventrally under the cerci in S. metallicum s. str.
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and §. jobbinsi but not in this species.

On the other hand, secure criteria on which a distinction at all stages between
S. metallicum s. str. and S. jobbinsi was based have not yet established, although Dalmat
(1955) and Vargas and Diaz Néjera (1957) claimed certain morphological features
for separation of these species. For this reason, it is probable that, although it was
not known whether anthropophilic or not, S. jobbinsi might have been included in the
specimens identified as S. metallicum s. str. in the present study, because the former
species was reported to have a wide distribution within and outside the endemic
regions (Dalmat, 1955).

Simulium puigi Vargas, Martinez Palacios and Diaz Néjera, which was originally
described from Mexico, has been very recently reported from this country (Takaoka
and Takahasi, 1982), and has become a fourth member of the metallicum group. The
spindle-shaped hind basitarsus of the male easily separates this species from the
other members mentioned before. However, the female of this species closely-
resembles that of S. horacior in having the sclerotized seventh sternite, the pale base of
the hind tibiae and the similar shape of the anal lobes, despite a slight difference in
the latter two features. This may create some confusion in identifying the female of
S. horacioi among the metallicum group. However, §. puigi was not taken into con-
sideration in the present study because of its possible restricted distribution in upland
streams at an elevation of 2,000-3,000 m (Takaoka and Takahasi, 1982). »

Natural infections with O. volvulus or other parasites were observed by dissecting
alcoholic female specimens captured in the region of the Guachipilin River. Each
female was divided into head, thorax and abdomen in a drop of Giemsa solution on
slide glass under a binocular microscope. Each part of the body dissected was
searched for parasites under a microscope at 100 x. The number of larvae in each
part of the body was counted and their stages of development were determined by
size and morphological features defined by Bain (1969) and Duke (1968).

REsSuLTS

Relative abundance of S. horacioi in larval populations found in various types of streams.

Simulium horacioi, like S. metallicum s. str. and S. ochraceum, were found to occur in
both permanent and temporary streams (Table 1). However, this species tended
to prefer small permanent streams (e.g., tributary G of the Guachipilin River) where
S. ochraceum dominated too. Contrarily, larvae of this species were very few in number
in medium-sized streams (i.e., the main channel in the Guachipilin River and the
main stream in the Finca Rincén) which were, though, the most favourable site for
larvae of S. metallicum s. str. In the Rio Verde River area where all streams flew
temporarily S. horaciot made up 8.79, of 5,681 larvae collected, its monthly variations
ranging from 2.0 (in May) to 20.79, (in October). Whereas, S. metallicum s. str.
consisted of 22.29, of the total, being about six times as abundant as that of §.
horacioi. In the same area, only 75 larvae (1.3%, of the total) of S. ochraceum were
collected.
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Table I Overall results of collections of Simulium and Crephia spp. larvae in three localities
of onchocerciasis endemic zones in Guatemala

No. (%) of larvae collected

Species Rio Guachipilin Rincén
Verde*! Tributary  Tributary Main Tributary*®*  Main
H*! G*2 stream** stream**
S, horacioi 428 ( 7.5) 15 ( 0.3) 1,250 (38.6) 2 (0.06) 190 ( 8.2) 0(—)
8. metallicum 1,259 (22.2) 2,379 (54.6) 506 (15.7) 2, 159 (62.7) 30 ( 1.3) 4,577 (50.9)
S. ochraceum 75 ( 1.3) 468 (10.7) 1,395 (43.1) 4 ( 1.9) 2,045 (87.8) 2,399 (26.7)
S. callidum 426 ( 7.5) 391 ( 9.0) 5(0.2) 465 (13.5) 63 ( 2.7) 1,493 (16.6)
S. downsi 0(—) 0(—) 0(—) 2 (0.06) 0(—) 110( 1.2)
S. haematopotum 0(—) 0(—) 0(—) 0(—) 0(—) 2 (0.02)
S. paynei 1,410 (24.8) 750 (17.2) 78 ( 2.4) 711 (20.6) 0(—) 382(4.3)
S. rubicundulum 0(—) 123(2.8) 0(—) 28(0.8) 0(—) 0(—)
S. nigricornis 0(~-) 101 ¢{ 2.3) 0(—) 13(04) 0(—) 23(0.3)
S. parrai 55 ( 1.0) 5(0.8) 0(—) 0(—) 0(—) 0(—)
S. jacumbae 1 (0.02) 0(—) 0(—) 0(~—) 0(—) 0(—)
C. aguirrei 2,027 (35.7) 100 ( 2.3) 0(—) 0(—) 0(—) 0(—)
Total 5,681 4,361 3,234 3,445 2,328 8,986
*1, Temporary stream. *Z Permanent stream,
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Figure 1 Seasonal trends in larval abundance of three anthropophilic blackfly species
in the tributary G (small permanent stream) in the upstream sector of the
Guachipilin River. (Shaded portion indicates the rainy season).
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Seasonal variations in larval population densities of S. horacioi.

Fig. 1 illustrates the seasonal trend in larval population densities of S. koraciod
in the tributary G, together with those of S. metallicum s. str. and S. ochraceum. In
this small permanent stream, flow rates were nearly constant during the period
observed with range of 0.34-0.67 litre/sec.  Simulium horacioi larvae occurred through-
out the year except for in August and October 1978, and its population densities were
tended to be relatively high during the period from January to August in 1979, with
the peak in April (the end of the dry season). By contrast, S. ochraceum, another
dominant species in the same stream, had two peaks a year — the higher peak in
October-November and the other less pronounced peak in June-August. The
population densities of S. metallicum s. str. were low and seemed to have fluctuated
every three or four months.

Seasonal variations in larval abundance of the three anthropophilic blackfly
species in the upper reach of the Rio Verde River are presented in Fig. 2 as the grand
total number of larvae collected. Larvae of . horacioi initiated to colonize in the
temporary streams soon after the water began to flow in May, continued to increase
in number and reached the peak in July; thereafter, the total number of larvae
dropped to some extent in August and September, but slightly increased again in
October and then declined to nearly zero in December. Simulium metallicum s. str.
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Figure 2 = Seasonal trends in larval abundance of the three anthropophilic
blackfly species in: the upper reach of the Rio Verde River,
(Shaded portion indicates the rainy season).
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showed the pattern almost similar to that of S. horacioi, but the number of larvae
of this species was consistently higher than that of the latter species in each month.
On the other hand, S. ochraceum larvae which were outnumbered by the former two
species were found only during the period from July to November.

For further analysis of the variations in larval abundance between blackfly
species and by months, the changes in number of larval positive sites (nearly equal
to the number of water segments positive for larvae) and the number of larvae per
positive site in the same area are shown in Fig. 3. The total number of sites positive
tor any blackfly species fluctuated in proportion to that of the water segments which
appeared and persisted during the rainy season and the subsequent dry months
(Takaoka, 1981). It increased gradually during the early rainy months from May
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Figure 3 Seasonal trends in the number of larval positive sites and the number of larvae
per positive site for three anthropophilic blackfly species. (Shaded portion
indicates the rainy season).
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to July (from 12 to 28 sites), fell to 15 in August (during the lull of the rainy season),
peaked in September (at the climax of the rainfalls) and thereafter decreased during
the following months of the dry season to become zero in January. Simulium
horaciot followed the similar pattern in the number of the preimaginal sites, occupying
25.0-53.59, of the total sites positive for any species. The preimaginal sites of
S. metallicum s. str. made up 25.0-80.0%, of the total larval sites, being consistently
higher than that of S. horacioi except for in September. Simulium ochraceum occupied
7.1-43.89, of the total preimaginal sites during the months from July to December.

The larval colonization of any blackfly species began at a considerably high
densities (49 larvae/site) in May. Its densities peaked in July (54.4) and then con-
tinued to decrease gradually until December except in November when it rose again.
The high densities observed during the first three months of the rainy season were
mainly due to the dominancy of Cnephia aguirrei, a probable univoltine species, which
always occurred in a great number only immediately after the water began to
flow in the temporary streams. The larval density of S. horacior was low in May
but gradually increased up to the maximum of 12.2 in July, then continued to be
almost at the same level (7.2-12.1 larvae/site) in each month except for in September
and December when it fell to 4.6 and 1.0, respectively. On the other hand, S.
metallicum s. str. showed the obvious fluctuation in larval densities with the marked
peak in July. The density of this species which ranged from 2.7 to 39.7 larvae/site
was also consistently higher than that of S. koracioi in each month except in May and
November. Simulium ochraceum had always low larval densities ranging from 1.0-6.5
larvae/site.

Consequently, although the overall abundance of larval populations of these
three blackfly species was determined by the product of the two factors, the number
of preimaginal sites and the larval density therein, it was well demonstrated that the
proportionate importance of either varied by blackfly species and also by months.
Thus the highest peak in larval abundance observed in July for S. horacioi and S.
metallicum s. str. was characterized by the large number of the preimaginal sites and
the highest larval density of both species in this month. It was also indicated that
S. horacioi was inferior to S. metallicum s. str. in regard to the ability of extending
preimaginal sites in the temporary streams, and of aggregating in one habitat.

Relative abundance of S. horacioi in the man-biting female populations collected in three differ-
ent localities.

Stmulium horacioi was shown to be one of the main anthropophilic species although
its biting rates varied remarkably between localities (Table 2). In the upper reach
of the Rio Verde River, where its total number of females per man per three hours
was greatest of all, S. horaciot comprised 29.0%, of the total catches, being three
quarters as abundant as S. ochraceum but almost twofold that of §. metallicum s. str.
In the two other areas, this species was ranked as the third and fourth in order of
abundance, occupying 11.0%, and 0.069,, respectively, whereas S. ochraceum was also
the dominant species (51.8%, and 67.09,), followed by S. metallicum s. str. (33.89,
and 32.79%,).
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Table 2 Species composition and relative abundance of the man-biting populations of
blackflies in three localities of the onchocerciasis-endemic zones in Guatemala

No. of females collected* (9% of total catches)

Species
Rio Verde Guachipilin Rincon

S. horacioi 126 (29.0) 113.6 (11.0) 1.0 (0.06)
S. metallicum 65 (14.9) 349.7 (33.8) 530.3 (32.7)
S. ochraceum 176 (40.5) 535.2 (51.8) 1,087.4 (67.0)
S. callidum 33 ( 7.6) 21.1 ( 2.0 4.8 ( 0.3)
S. downsi 35 ( 8.0) - 137 (13) 0 (0.0)
S. haematopotum 0 ( 0.0) 0 (0.0 0.5 (0.03)

Total 435 1,033.3 1,624

* Numbers represent the total number of females collected (using a human attractant for
3 hours) during January to December 1979; for comparison, the numbers at the Gua-
chipilin River and the Finca Rincén districts were experessed as the sum of the mean

number of each month per man per 3 hours, since collections at these two places were

made fortnightly.
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Figure 4 Seasonal trends in abundance of man-biting populations of three
anthropophilic blackfly species in the upper reach of the Guachi-

pilin River.
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Seasonal fluctuation in the man-biting activities of S. horacioi.

Fig. 4 illustrates the monthly man-biting densities of the three anthropophilic
species at the upstream sector of the Guachipilin River.

Female S. horaciot were captured throughout the year. The population density
of this species peaked in October, although the peak in 1979 was much smaller than
that in 1978, but continued to be low during the remaining part of the year. Similarly,
S. metallicum s. str. showed the high peak in October in 1978 but its pattern observed
in 1979 was different (i.e., having a much lower peak during the rainy season).

On the other hand, biting activity of these three species in the upper reach of the
Rio Verde River was evident only during the rainy season and two or three subsequent
months (Figure 5). The biting density of S. horacior was higher in September and
October than those in the other months. In contrast with this, S. mefallicum s. str.
had two small peaks — one in July and the other in December, although both peaks
were much smaller than that of S. koracioi. On the other hand, the biting density of

S. ochraceum was maintained relatively low during the rainy season but increased
remarkably in December.
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Figure 5 Seasonal trends in abundance of man-biting populations of three
anthropophilic blackfly species in the upstream sector of the Rio
Verde River. (Shaded portion indicates the rainy season).

Natural infection of S. horacioi with O. volvulus larvae and other parasites.

The results of dissection (Table 3) showed that no third-stage larvae of O.
volvulus were found in any of the three blackfly species except for in one S. ochraceum
which harboured one larva (441.5 pm long X 20.0 ym wide) indistinguishable from
0. volvulus (0.17%, or 1/600 dissected from October collection in 1978). In . horacioi
even the first-stage larvae were not discovered. While nine of 1 551 S.. ochraceum
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Table 3 Infections with O. volvulus and other parasites in females of S. horacioi, S. metal-
licum s. str. and S. ochraceum captured on human attractant during September
1978 to January 1980 in the upper reach of the Guachipilin River

S. horacioi S. metallicum S. ochraceum

No. flies dissected 743 1,663 1,551
No. flies with larvae
indistinguishable from O. volvulus:

1st stage 0 2 (1, 2)*! 9 (1-9)

2nd stage 0 0 0

3rd stage 0 0 1*2(1)
No. flies with other filariae 1%*3(4) 4*3(2-14) 0
No. flies with other parasites:

Nematodes 0 0 1(1)

Mermithids 2 (1) 20 (1) 0

Fungi 1 0 1

Mites 0 52 (1-3) 4 (1, 2)

*1 The number(s) in parenthesis represents the range in the number of parasites per infected
female.

*2, Only one third-stage larva was found in the thorax of this female.

#3, These females harboured only third-stage larvae in their head, thorax and abdomen.

dissected (5/600 from October collection in 1978, and 2/329 and 2/231 from October
and November collections in 1979, respectively) had first-stage larvae indistinguishable
from O. volvulus in their thorax. No larvae of second stage were found in this study.

As to infections with other parasites, it was notable that one S. horacior (1/502
from October collection in 1978) and four S. metallicum s. str. (1/958 from October
collection in 1978 and 3/58 from April collection in 1979) harboured third-stage larvae
of the unknown filaria with three caudal protuberances (637.5-1,113.1 ym long % 20.4—
23.3 ym wide). These larvae were identical to that previously reported by Garms

(1975). In addition, two females of S. horacioi were infected with mermithid larva
(1/502 and 1/110, each from October collection in 1978 and 1979). In the popu-

Table 4 Distribution of bites of Simulium spp. on a man sitting in a shade ex-
posing the upper portion of the body (above the waist) and the lower
part of the legs (below the knees)

Percentage of body parts bitten
No. of females

Species collected Lower part Back Arms
of legs

S. horaciot 43 86.1 11.6 2.3

S. metallicum 30 83.3 6.7 10.0

S. ochraceum 7 28.6 57.1 14.3

S. callidum 11 90.9 9.1 0.0

S. downsi 3 100.0 0.0 0.0
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lation of S. metallicum s. str., mermithid infections took place throughout the year
(except for the period from April to July). Fungal infection in the ovaries was found
in one S. horacioi (1/150 from October collection in 1978) and one S. ochraceum (1/329
from October collection in 1978). Larval mites were encountered parasitizing S.
metallicum s. str. and S. ochraceum. However, 743 females of S. horacioi examined were
free from this ectoparasite.

Distribution of bites of S. horacioi on human body.

Stmulium horaciot preferred the lower parts of the legs to the upper parts of the
body, as in the case of its ally, S. metallicum s. str.

Discussion

A clear morphological difference between S. horacioi and the other members of
the metallicum group enabled us to investigate its larval and man-biting female popu-
lations, although further studies are yet to be required on a distinction between
S. metallicum s. str. and S. jobbinsi at both larval and female stages.

The results of the present study indicated that S. Aoracioi tended to prefer small,
permanent streams (less than 0.5 m wide), as briefly noted by Okazawa and Onishi
(1980). This species was also shown to colonize temporary streams which flew only
during the rainy season and a few subsequent dry months, although it seemed to be
inferior to S. metallicum s. str. in regard to the ability of extending preimaginal sites
and of aggregating in one habitat. = However, this species was very rare in medium-
sized streams. This was in remarkable contrast with S. metallicum s. str. which was
shown to inhabit various types of streams from tiny trickles to large streams (even in
rivers), as already reported by Dalmat (1955).

The larvae and pupae of this species were already recorded in other endemic
areas by occasional collections — Departments of Santa Rosa, Chimaltenango,
Suchitepéquez and Solold (Okazawa and Onishi, 1980) and Huehuetenango
(Takaoka, unpublished data). On the other hand, this species has not as yet been
found in both lowland (below 400 m above sea level) and upland areas (2,000-3,000 m
in elevation) (Takaoka, 1980). Therefore, it may be suggested that, like .S. ochraceum,
S. horaciot restricts its own distribution within the intermediate altitudes approximately
between 500 and 2,000 m where onchocerciasis is known to be prevalent (Dalmat,
1955).

The present study showed that S. horacioi was one of the main anthropophilic
blackfly species. However, there was a remarkable variation in biting rates between
localities studied as shown in Table 2. The man-biting population of this species in
the Finca Rincén was very low when compared with that in the two other areas.
This difference may be explained at least in part by the quantity of the preimaginal
sites for S. horacioi, which were confined to the permanent streams in the Finca
Rincén but were greatly extended in the temporary streams in the latter regions.

In the upstream sector of the Rio Verde River, the most abundant species was
S. ochraceum (40.59,), followed by S. horacior (29.0%,) and §. metallicum s. str. (14.9%,).
This was in reverse order when compared with the larval abundance of these three
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species in the same locality. This discrepancy between larval and man-biting
female populations may reflect the degree of anthropophily of these three species,
if adults of each species were assumed to have emerged in proportion to the larval
abundance. It may be thus suggested that the anthropophilic nature of S. horacioz
is not as high as that of S. ochraceum but is higher, to some extent, than that of
S. metallicum s.str.

The seasonal change in the biting activity of S. horaciot was evident, with the
peak in either September or October, although as shown in Figs. 4 and 5, its pattern
differed between two localities studied. This fluctuation in biting density may be
attributable, in part, to the rainfalls influencing both the seasonal availability and
the stability of preimaginal sites for this species.

In regard to the distribution of bites on human body parts, S. horacioi showed
the definite pattern almost similar to that of S. metallicum s. str. in preferring the lower
parts of the legs.

In the present study, third-stage larva of O. wvolvulus was encountered in S.
ochraceum only. 'This may suggest that S. ockraceum is the most significant vector and
the other two species are of less importance in the onchocerciasis transmission in and
near the area studied. However, this can not rule out the possiblity that S. horaciot
may be involved in the transmission. It should be noted that females of this species
dissected in this study were not sufficient in number to assess the natural infections
on monthly basis, and all the samples were derived only from the morning segment
of its biting population.

The third-stage larvae of the unknown filaria identical to that reported by Garms
(1975) were already recorded in S. horaciot by Ito et al. (1980) who found them more
frequently in this species (5/17) than in S. metallicum s. str. (1/100). This filaria was
also seen in the present study, wherein infection rate was 0.139, in S. horaciot and
0.249, in 8. metallicum s. str. These results indicate that, like S. metallicum s. str., S.
horaciot feeds wild animal(s) and serves as a transmitter at least to one unknown filaria
in nature. However, its biting preference for animals other than humans remains
unknown, although a single female was caught on cow (Okazawa and Onishi, 1980).

Overall, it should be mentioned that in future studies on the onchocerciasis-
transmission potential of the Guatemalan anthropophilic blackfly species, S. horacioi
should not be overlooked due to its capacity of supporting the development of O.
volvulus larvae to the infective stage, relative abundance of biting females, and proba-
ble coincidence of its geographical distribution with the endemic regions of onchocer-
ciasis.
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77 5= 31CB}B Onchocerca volvulus DA Ee 7 258, Simulium
horacior D%y d1 % Kk UK HREAEE DA REA A '

wmOB kB T

k7 7 5= FICBNWT Onchocerca volvulus O/ TIEERE & BEI Wiz Simulium  horaciod
(metallicum 7" —7) OHBRERBOERBEWSHICT 3728, ¥ 2 A EREHO 3 #HIKT
BEFE *1T - 720 Simulium horacioi O YW, EM%2E U TRENS SN, FiCEREERICHE
hBMNSBKRREED -T2, T, WM G-10A) KOHEBT HEMBKRICD REFTZI LW
BRERIN, ABLDBICEIOBRES N7 2 EKBED 2T S horacioi 12, BRICIDR%E B
HDD, 0.06—29.0% % 5%, S. ochraceum 2 S. metallicum s.str. & & HICEEARMET 2 TH
BZTEDHBE LI, COMOBRMIEEITI, 9 XV LIOHIKERINE X 5W o pEFHEH N B S
h7zo Onchocerca volvulus S d HRBRPIZ S. ochraceum (8 1, 1II L &) B U S. metalli-
cum s.str. (B8 1 Hl0A) whHohizds, S horacioi TII7TA3EKREBI LB CIRVWTFhORE
Hohhd RS A2 o72, L2LENS, A7+ 70 70%E 111 Jhd, mermithid OFHB
FUB EC BRI N T HREESDEAS S0, SEIOFRAETCHLPIS MR EEEL T, 4
BOS s F=3 BT EA Y I HEDRMEAETIE, S. ochraceum R S. metallicum s. str. & [
B, S horacioi bBHOUBRETILENDAH,

RABRBREESWFELE
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