e 116



— 117 -



— 118~



21 Peiwor folloulo es inmadurc en la stapa Ho, II,

Don_dfas desyodn de emergur.
3: Ovarios fntegros
41 Oviducto lateral trenspavente, sin residucs celulnres,
5t Primer folfculo staps Ib, padicelo corte y diffcil ds vex.
61 Pedicelo no vimidle,
'rfa: Algunas veces ol epitelio folicular se rasgs y lee granulos folicu-

laxes se musven dentro dsl pedicelo, causande dificultad en la iden-
Hficaoidn,

10:  Oviduoto latorsl oon considorable resldues cslulares, sonsistentes
del resanemte de la célula mutricia y ol epitelie folisular,

11, 12y 1% Hayorfe de 1as ovariolsa tlens asce parecido & tdnies, oon-
teniéndo muchos residuos celulaves.

Aproximsdmmsnte 15 horas puée de oviposlcidn,
14: Mnica contraida
15: Alguras finioss estén contraidas completaments,
Un_dfs despuds de oviposicidn

16: Ovario fntegro

1T: Oviduoto ia*teml gontiens muchos veslduos celulaves

18, 19 3y 20: Cada ovariola tieps uvas dilatacidn contendendo reliquia

folieular {unfpara )

213 Dilatacionss fracuentemsnis 4iff{cil de verlas, regulsrments hay
golanente residuos celularen,

trenaparonte
25: Algunaz overiolss tishan dilstaciones pegusfiss, pov 50 ¢8 epspoial
poner payor atsnolfn, para delerainar la eded de la nesca,
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i

Hombvas paxas, 2 dfas después do la oviposioidn mo dimtingusn

261
sxapinando Loa wvosiduos oelulaxes del foliowlo,

Ovarios que tienen dos dilatmolones (a1iparas) .
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BEERS Bl Simul ium ochraceum e 2= g

V98049 A7 T 7 ~ 5 S.N.BM. (AT L 7 B0 k0, 7o v .
7}IU7@%@K$éfTTEU7%@@?73t»mﬁ&ﬁﬂu@@%®ﬁ
WaHDBE & T o, '

a@am&aﬁfakb,@mﬁmm@Mﬂm@%&,%m&A%%@mm%.
N7 A DR RD RO WEIGE % ot o T bh ik BTIC S L
w5,

Lo O FT UL Bk B
| jm919&1UT@%@K&%?%AV#~»&@mwMIM,mﬁmmw
DAL, MR (1980) 3R LAy £+ 2 03HRBME A~ 7 2 — DB 1A
TR, HRELVWERT LT Trns, Lal, cOMBIETY. 2001 5% C
Rl % WA DS N 2 0 &, WRICTFRADA D, KBEETE 2o
L WO THEASD Do <2 2 — BRI K T B (€ RO K 5T
THOT, W THBOATESH% 5085 4k AKMMERALA e WS £s
FHHE b S e ¢ OMBERO K, MEED L O5, Bk T 5 v
) RBEOEHEW W TR T £ & A HEF & FACHE O %) 7 1 8 5= B
TAT e TOREE, KHFNL 7 > hRFERI B WCH D TH b, BRHKEs
THIBTE DLW ISR TH TN D,

bhbhOff A RBRBEPCFT A LN OO EROBRICEN 3k, K
BRAERROE ) Th A,

) 7798 Y) a0 16 e dE s L, 3HUMOMBETEN T 03%F £
R L 5 FFEARAE 10 FEIAFESAD 2 ppm @ BE T HICHAF
Ao 2) HARCFHEAE 1 B#K, Yoo 10 HMEE L 100~ 150m FE
1 CT N, FOHE L HET b,

LOBOSE 10 Hmbh 198141 ATt 2 MOEBATbRL, Boh ki

T 10 RIKaT,
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K@M@fa@mwﬂ?&%%ﬁkHB®(WM)&ﬁ&&&&Eﬁ%&<,
ﬁ%?&b.@ﬁ%ﬁ%of@mfﬁéc&ﬁﬁ%LTMéoCﬂBQ&ﬁK%
E ST 198143 8 B bSE LirTT ) vRAO~s £ - RiRTH,
AR OEEE &R L C, 50%F 4 & AAMRSRTIICHIH TR T Bo

0 FoF Y v REICET A2 £ — S.ochraceum® &) RO G A

HIE LB 7 4 Ak AR OB DAY THE <, ) G 8 ochraceum D h
o E MFEC 2 W TRERRR DR E LT,

sy 3L 19784E 8 A b L0804 8 B30 EMD T Y= s r =T
B b RE AR PN TOANEE RNk 3 FH S.pchraceumdd B RO AR
Sied B, o ORI 2 BEEECHbRAs, FEOEEL, ARICTLBG
N, LEBMBCERHEDTTORAT ED DTy TT > % 45 ¢ Peiia
Blanca & Guachipilin 23 O, CORETE S.ochraceumit B 1 O F 1t
BEFRIBLORT O L E2 bR b, CORBK TN, A NI R ER O B b B
o 10 B F4A3d S.ochraceum DAL RO M — 71T 2 L b v — X T8
W g, Lo TELROEND, $EYHROBBIHBDE LR b, Hhhos
HEPR A BAMCHEAL ThAIOE THANTK,

gy - 638 10 A 21 Hab 11 A7 83 COMNEBRORYDO 1 170
B, Tk 16 FICEES LA AEARATACORMNEANOHR 10
S HREDOHEATD So |

FABCE LT, S-ochraceum® Yy RIRIEH A UOHICH~ CHEBITIL L
TnDBRTEDFAG 1702 (FIR) THVThd oo TORMPE
EEOHRERENT 193K, TO9 bmetallicum 21 675% & 4idd, 41
fr, S.ochraceunid{fis 662 THE INMIC E LT TnD, - T8 ochraceun %
BRI R Hs A TH, TOMNERPERBHNFENORR L -
'Clnfc‘C_ LERBETALDEEL LA A,

85 7 L S.ochraceum$h M O R IEFL & BAp AU 30 A A i ST RS L 7 BUAY

Ta b,
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S.ochraceumM WD F BT 6.4/ sec BLFO@EMAT, & I 1.8/sec BT
THE o Tk 18/ sce MTOARTS - 28 E CORBUOEFHERRE
BO TG LE KD T b, L LGP R ECKAR IS sec® & & » TR
RIN TN D, TOHBREFHICH~N 2L, Gorll, oMz, 3048,
084/ sec ITFOEMTRAET 2HMEPNMICHEMN T2 5 &AHHB Lk, 22T
038/ secAFORME AR, 9¢/scc M LOKRCHBT BLOR BRFLIY, f
HONAERR Lico ABHL 1/ scc MTOREOKBRICHIL, 098/ secF
TIHARRDS E R H, BRI 03¢/ sec Bl EOKIRICIBB L, 14/sec bl IO
IR TN TBECH - oo Licdio TA, BB 034~ 10/see DK%
BB ELCTAMI T B &Ik b

ChE CRNIARYBRBER L (KRES (1977) £5 T ) 8.ochraceum
LEEINAZ N OHBEAEBORE 2 HEOR AR N5,

Y FTEY YRBELET L2 2—BBREFETH, BEROEZWARTERO
HBREL, 18/sec MTFOKBCEMEA LHESR T 52 LI H -

3. S.ochraceum®hdi { A ¥ ) D EFEHEHOHFH

10 H 29 A, Gua 18-10 OFHIWEREAMI & R - T, S.ochraccum®
WEARE L THBC EMERINA,, T TLOXWERL (EAMNAO Gua
180 DWW - C, HHAMBHRE T 2WE LT - ko EHB AL
BAZAHYUPOMBT 10 SEHNEELZRDIRLT S HEIFBEB I A, #
W 18—-10 OXHEAMABNDL T ThHHbhi,

FORERE, KAROMHREEST 20~7n & FEIEES , —HHPMR,
FOFHIE COUMEBFAFN16~22H, 28~30HERB(A-THa,
COMBERNEREAT HLEND L,

# KB O AR E C RICHT 5 S.ochraceum, S.metatiicum, 8.
horacioi, S.paynei @D AL EE (B) w1 BICR L7,

Gua 18--10—1A & Qua 18-10-20 AKX COEHEANOYRREH T, £

n#h 193, 150k, 9 % S.ochraceum{k 184, 125fffkE o Tn b, ThH
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o kBRI R A 10 1 21 A~ 11 A7 R COHHOBRELTD
S.ochraceum @B L b A FN SN, Lhd {bn L b EEMIKS < s
AR TnA, COHMEENOBEOS ¢ RS hd -7 Gua 18-10-1BT, Jfif
DR D 1B E AL TERANA, »HMORBERSEL, Lrbho
ML DERTHAMMAR N L, TOMOEREREBRTELRNL TN
L, Gua 18—10 @XM, # 7 F €Y »RFE &I 5 Seochraceun ( AN ) ©E
REFEO WL AL TNEE WL bo LALALTKROKRTY, 18-00%
M@ L 9 S horacioi @ERANRM &R & JLfb L0 BRAKRLFHT Lo
ZET, 18-04 1810 OLMOABSE LA L, R8IRT 2 KOBHE
B L, S.ochraceum ( ARF) @ B4 B OMBILH BT O BRI S 3
RTIE AR OECH %, nbb bk & HRBAFFET B L, KH03d
[sec MR CHBHLED2RACHEHATE b,

FLCT B Y22 b Y TORHT, THOEDEREHOARERL, T
OHEORERME BE Lico TOMRMERVICHT Lic. BBAIREEEL Wb
FLEHORBOBEANHINTRNWT & ERL Tnih,

4.  S.ochraceum { AF} ) OEIEH

1VAdA, -5 <=5HiCHMnAL Y3 HiFKHETAE5FAEET, Ma-
ria Monroy 281 L& S.ochraceum @Bl fi KR CHEE L €, B3 L5
DI LA & HE Lk, TOBBICIATHNREIN T L3I, 1
BF OO SCHEEIET LDCE Thok, LOLEDOKHEMD, B b
4L T Y S.ochraceum i 5% D ¢ LFICHEIMT B E D2t LdCE R, f1
MECHNTHEE 2D - THEHT A S of tanum TIHEEHO L 5 A ATLHESE T
HELELETET IO O EES DT AL EMAMIC L - CEESATK
L bThib,
XD §. ochraceum ( AR ) OFFHEKBR O T A 2 7 Monica lvone @
W3~ 1—507agRORERE TR, sMEOBARIEI AL, 2O

BB v - VOR T RDOME LA o 28R, BREOROPIEILL T
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ATCWBRIBCRE S i, COL S RIOREA b, 2 R b3~ T LR ¢
DR OO, L b BWCRHH S e FIEIE SR AR To 2 & %
2 bhb, T TCZDROME &Kt

A #°® lwhot (1979) {1 8.decorundih 4 O MOMHE R EREL, MoK L
b by A XOSHRERDWHD CFRCHMTE B LTI LTl Do

TEC, CRESEOMOY 4 X8l b, §, Hansen 7 &E5a R £k
HCHE T I/ Sochraceun 5 0 HOHE M E OB HTF oo FOMME %S 2
BIKHREL e MR CETINRAZHOY 4 2OLRITER 020mb 5 025md |
VW, R B 015mA 5 020mOMICERZRDH L Tinbo Bo,LELES
NI SDIOY 4 X, #BETHETINAMOVY 4 XOLERIEORKE a3
R, BT ACLH TR A Dok LD -TE R LEHAGIH & S.ochraceun &
i LT S B T 2FMIE A A b 0 & b B,

C@ X 91T 8. ochracoum®H IR WA CHMIT T 1 @55, WACHETS 5%
MRt DO THNEE, WIKAEOY 500 %k i 285 2 2RI b RER A
BNC &, BCHBTCA DL, kv h LWEREDA LR % E AL TR TR
FEhAMAMECHE D2 TIC, BRHRORE A @A T RIS ATL
T ORBMAE R BN TS L,

5 S8 O MmA .

FTFEN CEBEON 2 —BBREETEREEHSS N 0 98 T S.och-
raceum ( BEE) & —BSWICEBEH B0 B A Lce L LREROEL KT T, B
WOz 2 - LTORNEFMLIIET 20, HLLEBWEAEW, BEO
B e #EATRE, Oovolvalus Mf L OFMEZ LT OWTHAREEBEL, <27 %
~ELTOREEHELATAE A LAVLED 9, CORD, RRTOFAEHNA
Al b, FABIE ANOEBO KB DWW T HIKKRH T ALERS L L BD
hih,

' (HEsE L & 8 )
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“hWig ].

The rooult of Zorwndl colleziion heWore arnicslion in the

Lritatsries of Gunehipilin Divsr Znrin (21 st, Oct, -~ 7tk lov., 1930)

g .. S achr, 8. rot. 1. ¢o11, ] S, noropie d
S dusver | CITTToL T T T
P o ot wR fut.oplax {eu plex i
g .18 o]t -ount Tos, Los nos, Noa, syreles T(TAL
2209 “ 4 o o o LCa, :
:5:4‘ e ET_,: f;’sc‘c, (:0) (;’D) (/") (f ) (;o (100 :g)
- 3 13 .
22.0 {1 | 1.33 11 87 26 0 2 126
(8.7) (69.0)  [(20.6 ) (1.6)
2 |1.00 9 32 4 0 45
(20.0) {(71.1) (8.9}
% 10,67 0 1 1 0 2
(50,0) [(50.0 )
4 10,15 0 10 0 0 ) 10
100,0)
5 |0.15 1 12 0 0 0 1%
( 7.7) {92.3)
6 (0,50 1 0 2 0 0 3
(33.3) (66.7)
7 £0.,10 0 0 1 o ) 11
: {100,0)
22-1 11 1{0.03 0 0 4 0 4] 4
100,0)
272.0 |1 §0.23 2 2 0 0 0 4
{(56,0) |(50.0}
2 |0.13% 9 6 15 0 0 30
(30,0) (20.0) (50.0)
13 0,07 17 1 30 5 0o 2 T 54
. (31.5) 1(55.6) |{ 9.3) (3.7)
4 |o.03 0 9 2 1 14 26
(34.6) {{7.7) | (3.9} }(53.8)
5 10,17 0 15 0 1 0 16
(93.8) (6.2}
b1 |1 | 0.03 0 0 0 1 0 1
{100,0)
280 ¢ 1 1.00 14 56 &6 ¢ O 76
(18.4) [(73.7) |(1.9)
2 |1.00 12 108 4 0 2 126
( 9.5) {(85.7) }{35.2) (1.6)
3 | 0.67 1 96 0 0 0 97
R (2,00 (99.0) . S
: (108.0) | 0 0 4
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Teahle 2,

The rermuli of 1.

writuierics of Guachipilin River Sisin (

WAl colleclion botorg

}
i

g

anniicention in the

21 st Oct, - 7th Nov,,1930)

g '.."r.i-er S.eehr, {8, nat, |S. call, ' S, horacllotanined
h, L cozplex jeonplex conplex ponhylic
£ {8 gt ot ios, lios Kos, Yos, spreies TOTAL
[l o B Y5 | ‘ LN
Zs e [ ot of hos,
7 |B5] B 69 ) ) () (53) {100%)
o <3 12
21-0 | 1| 2,00 3 89 8 o 0 100
( 3.0) | (89,0) | ( 8.0)
g 21 0.50 3 104 37 0 0 144
o 2.1) | {72.2) | (e5.7)
" 31 ©0.40 8 10 0 0 0 18
(44.4) | (55.6) | ( 0.0)
21-1 | 1} 1,50 0 13 1 0 0 14
(92.9) | ( 7.1)
" 2{ 0.3% 0 23 3 0 0 26
| (88.5) | (11,5) o .
20-0 | 1] 5,00 0 215 6 0 14 235
(01.5) | ( 2.5) { 6.0)
n 2] 3.33 0 426 14 0 T 347
{93.9) | ( 4.0) { 2.0)
" 31 3.33 3 86 0 ¥ 7 96
. (3.1) | {e9.5) (7.3}
" 5 1 0.83 0 49 13 2 0 64
(16.6) | (20,3) {( 3.1)
" b 0.83% 11 B 1 7 0 27
(40.7) (29.6) | ( 3.7) |(25.9)
" T 0,83 3 11 4] 17 G 31
{ 9.7} (35.5) {54.8)
20-1 1 0.16 ¥ 58 0 45 . 0 110
{ 6.4) (52.7) (40.9)
P(.2 1 0,16 0 1 % 4] Q 4
(25.0) | (75.0)
H 2 0,13 1 17 0 - 15 (¢ 33
{ 3.0) ](51.5) {45.5)
" 3 10,20 17 30 2 5 0 54
( 31.5) {(55.6) | ( 3.7) ({9.3)
N 4 10,16 B 16 1 65 0 103
(1.5) 1(5.5) | (o0.9) [(66.0) _
20~4 11 (.83 q i2 50 4] 71
((12.7) {(16.9) (70.4)
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Tahle 3,

The Tosult of lavval collection belore crpiication in the

tributeries of Guachipilin River .Bzsin (21 st Oct, - 7th Nov., 19%0)

IR T-a ERSEEES 15, call, ¢ 8, porncilionentny 1
iz a4 ["T { conplex |conplex |complex {porhylic |
i f:‘ o2 rount Ros, Nos lkos, Noz, s1acies TOML
4’3 ‘C; 3 i iy o (r;) (‘..4) l.oa,
X8 oo B | ) * » #" | (oo %)
HoEs 0 oy 4 ] U AU A JU
7.0 | 1{ 2.66 A 38 52 0 Q 94
_ ( 4.3) | (40.4) {(55.3)
" 21 3.3 T 20 40 0 3 70
(10.0) | (28.6} }(57.1) ( 4.3)
" alyrc0 t 2 51 17 0 1 89
. (22.5) | (57.3) {(19.1) { 1.1}
39-3 1y 1100 2 ) 0 0 0 2
{100.0)
17-0 13 116,00 7 4 17 0 0 28
( 25.0) | (14.3)  {(60.7)
" 2 [16.00 % 8 9 0 0 50
{ 66.0) {(16.0) J{18.0 S I R
26-0 ] 1 | 1.50 0 51 | 43 0 3 77
(40.3) [(55.8) ( 3.9)
u 24 0.33 0 20 10 0 0 30
(66.6) {(33.3) ( 0.0}
" 3 1 0,13 1 47 4 0 5 57
{ 1.8) {82.57 i 7.0} { 8.8)
" 4t o33 o 163 1 0 21 185
_ (s8.1) { ( 0.5) {11.4) '
" 51 0.33 i 80 2% 0 56 168
( 5.4) | (47.6} 1 (13.7) (35.3)
u 6 | 0.33 1 76 0 o 0 77
- 1.3 {98.7) N D ]
s2-0-1 1| 0.16 0 4. 0 0 0 4
] {100.0) '
50-0 | 1 ] 1.50 5 38 25 5 0 75
{ 6.8) { 52,00 |{(z.2) 1(56.8)
140 111 7.00 0 196 3 0 0 202
{ 97.0} ] ( 3.0} .
" 2 1 3.50 5 105 9 0 % 122
{ 4.3) |{e6.0) | ( 7.3) { 2.5)
14-1 1 1§ 0.5% 0 1 0 ! 0 1
. {1c0.0) :
14-2 1 1 & 0.,3% 4] 3 0 12 15
{ 20.0) {80.0) '
4.3 | 1 1 0,16 0 6 0 0 0 5
{100.0)
1o 831 256 T ) 1,956




Tsble 4,

™My. D v e 3 M
vhe retull of Inrval colleeivon beToro appiizalion in ive

tributarics of Guackipil{n River Zasin {21 =t Oct. - Tth Nov.,l*;)%())

- - T

E lioter | 2e00hrd |80 2ot 1S, eal] TS hernellonantirg
07 ] coipieX |jcolplex |co.riex 1 pothylic
N Limant os. HOS Yos, Nes, spreies TOMAL
— 3 L ke
R N N I ) () % % oS
A R 2/sec. #) (%) o) {(w00%) |
11-0 | 11 3.00 1 35 0 0 o 36
(2.8) | (971.2)
" 21 2,00 ' Vi 0 0 0 7
- 1(100.0)
“ 31 2.00 5 15 1 0 0 21
(e3.8) | (71.4) | ( 4.8)
i 41 1,33 §. 12 12 11 0 0 35
- b (34.3) | (34.3) | (31.4) —
10-0 { 1§ 5.00 0 72 21 0 0 9%
_ _ (77.4) | (22.6)
n 21 5.00 0 10 4 0 1 15
: (66.7) (26.7) { 6.7)
u 3§ 4.00 0 71 0 0 0 71
: (r00.0)
10-3 } 1} 1.00 0 i1 1 0 o 12
_ . {91.7) ( 8.3)
g0 |1 15.00 0 14 2 0 ) 16
_ ' (87.5) {12.5)
g1 |1 ] 3.00 0 40 2 0 0 42
. (95.2) { 4.8)
n 2100 v o 22 Q 0 4] 22
' {100.0) '
g-2 |1 11.33 0 1 1 0 0 2
{50.0) {50.0)
g2 12 Yo.67 0 69 24 0 0 93 |
(74.2) | (25.8)
" 4 |0.33 i 3 8 0 0 22
(s0.0) | (13.6) | (36.4)
" }s jo.40 0 1 5 0 0 6
b (16.7) | (83.3) —
192 | 1] 0.035 o6 V27 0 1 0 28
{96.4) ( 3.6)
19-3-¢ 1 | 0,07 0 26 0 3 2 3
(8%.,9) { 9.7y | (6.4)
19-3-3 1 } 0.76 0 2 3 0 Y 3
(66.7) | (33.3)
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Table 5,

The reoult of larval collection before applicniion in the

130 -

trivuteries ol Guachipilin River Besin {21 at Oct, = Tth Ifov.,lEi'BO)
hg:m‘.,h S.ochr. |8, met. ]9, call.' S, horaclionnninrd
Bl “.-mvr cozpiex |ec:plex |coavlex Pophylic .
g .,153 forount Tos, nos hos, rog, ep;c;es TOMAL
= O [A o ) + - 09,
AR § (?v) (%) () (%) ) (100 %)
= ] [N SN SO PRI E
soogmal L
19-01 1} 5.33 0 .20 1 0 5 36
(55.6) | {30.6) (23.8)
" 2| 4.33 ) 8 34 0 12 54
{14.8) {63.0) {22.2)
" 31 3.00 1 9 16 ) 5 31
( 3.2) |(29.0) | (51.6) (16.1)
" 41 0.83 1 15 0 0 o 16
{ 6.3} |{93.8) :
u 5t 1,00 1 45 46 0 9 101
( 1.0) [({44.6) {(45.5) ( 8.9)
" 5] 0.33 0 1 o 0 0 1
{100.0)
" 71 0.67 0. 0 2 0 0 2
(100,0)
n 81 0,50 il 3 3 0 0 22
{50.0) (36.4 { 13.6)
18-0 | 1 110.00 0 122 27 ) 4 153
(79.7} |(31.6) { 2.6)
" 21 8.33 0 62 30 0 2 94
: {66.0) {(31.9) { 2.1) _
" 31 6,67 0 37 41 0 19 97
(38.1) |{42.3) (19.6) .
" 41 6,67 0 39 55 0 15 109
(35.8) l(s0.5) {13.8)
Y 5.1 5.00 0 13 33 v] 12 54
(20.4) }(57.4) (22.2)
H 6 1 5.00 0 §0 3 0 4 67
_ (89.6; [( 4.5) ( 6.0) :
" 84 200 | 9 39 16 o o 66
- Hse) | (59.1) {(24.2) ( 3.0)
" 7} 1.00 7 102 0 " 0 109
{ 6.4) (93.6)
n 810.33 | 26 20 2 0 3 51
(50.9) | (39.2) 1( 3.9) { 5.9)
18-1 | 1| 0.17 0 0 0 7 0 7
{100.,0}
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" oount
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0.83

0.10
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0.06
0.03
1,00

0.33

'3 oshs.
Cf TDReY
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o9,

{3

povi) oeclTos

L

s

Gusehiniidn

1
_(33.3) ]

cLplex
los

(3}

{74.4)
0

0

0

2
(18.2)

1
{78.6)

3,506
(61.5)
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Teble 8

Characterization of main treeding streams of

dimulive horacioi ang 8¢ ochraceum

A-types main breeding streams B-types main breeding streans

2

of 5. hora

th aanll fall

ipitous streéaa-i

cioi

3 &n

£2.

/sec.

nre- le WHth yather large falls and
rather flat siresn-teds,

Hater amounts of streams 2, Yater anounts of sireanms
ordinarily more than 0,3

oerdinarily Yess than 0,3
/sec,

Table 9 Comporent ratio of hlackfly larvae in different sireans telonging
to each Lype, '

: . Dete |los. and component ratio (53) Total
& Streans of ] -
™
E?;‘ coll, —S-' h____.ora. o EE‘I_I‘.. ) _S.' .I.',."_e_‘ti%' gpegjes (100%)
" Tsuachipilin |'80
20-1-1 . m21 145(40.9)  7( 6.4)  58(52,7) 0O 110
20-2-4 X-21 |68(66,7) 18(17.6) 16(15.7) 0 102
20-4-1 X-21 137(63.8) 9(15.%) 12(20.2) 0 58
Buena Vista
4-3-1 LI1-16|64(82,1) 14(17.9) 0 0 78
Monica Ivo, .
213 XI1-3 | 0. 41{68.3)  2( 3.3) 17(28.3)| 60
ol 3-1-4 x11-3 | o 158{65.8) 0 82(34.2)] 240
m | 3-1-5 KII-3 | O 57(41.6) 2( 1.5) 78(56.9}|137
lIBuena Vista
102 XTT=-171 O Azf10n,0) s} 8] 4%
|
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Fe. of flieo / 3 hours

Fig. 3 Biting dernsity of S, ochraceus { nonthly )
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S = p Ty T L A7 D ERE R

F54742E%WW&?%F§wiffﬂmmcmmfééC&M?TKE
JAC B T B IC T o CHE TR T D, Fl2id Tabla HIORT L O, AR
Ve BIIOA 4 20EH L 5 v Y ERERT BT & T, HEMMEO 22 RRTE,
ERBREEOH N AFREED D éoﬁ¢fﬂmbmb7;/ﬂ N EER
?z/ﬂvﬁbﬁﬁbiﬂbkb/4ffAZM?ﬁﬂ@&LtHhk%@T
ﬁﬁlmvmﬁ&%ﬁtTéoutxmlﬁ%ﬁ2$fﬂ&fééi9K&KL
ﬁ%@ﬁ%@@ﬁ%%&bk%@f@&oc@%ﬁvf®%%ﬂﬁquzﬁﬁ
ST B T BB e s R 4 BB C R, 3T
vh e FIFERETRC Roffitd, O 3EEZT >4 w= 4 AR (B
W ed ) THE I

sry EECERIE M ATE OREHEE LB T LRDEEC B oTe P Ty
S5 E i LA, B BB EEOR LR 2K E CHREICLE > TLYE
A RDb B, b3y SN L BEMH AR S BN, T T
BrKkFEAhdmor ((Tabla 2 ),

o MEE 2 R TREATR S V2 OBBREEHARDEFC kot [
@mmAmmgmmfa%smmﬁﬁﬁﬁuku%%mmmaawauﬁxﬁm
S am LT, 7€ 13MAKEE L. TAbY, | ADAMICH YT 2 REME
BRI 11 B0 9 TERETAE I NEL AT,

BEREBEIALERFE - A RMEHFERAREFECHBLA. Simaulium

horacioi WA Blph b E HPEEMR L T CCBMETA TS, 5
LD F 5y 7 EEELT, S.ochraceum% PO, 22 MKLABBEI N R -
72 ( Tabla 4 ). CREGEBROHHIC I ARFINOETH—DORNTEHS 5,

W4 EREE, T TREBEIICI ARRHEOERI AR B Kok
( Tabla 5 ), HBEGENOO» + 2% % & KOBETRBRYES LR, OOA
S CR S RIS R

MLtlibbl:
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7 v TR NE b b,

FI oy TREBBACL - THaTERLR TR D B,

® bI oy SORH

A D & & A8 7 0,
MIATA421 -2k lNRAMI Y Efics b,

AW S C & THBCIC L A¥M T 52 5509 ABMWMEZ L9 » 7L D
MRILTE L,

() SOWURTACE LY, AHEDTHS LCUREBTEL LS LZALT
H59,

(REH 4 H E )
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Tabia 1.

Nimero:.ds los simflidos capturadoes por las trampas
con hlelo seco.

Altura sobre  bidentatum - Japonioum aokil rafibasis n.d. Total

I L
0.5 69¢ - Q 46 21 1 798
En la sombra 1,0 229 2 35 7 ¢ 273
1.5 670 3 %6 18 2 726
3,0 240 1 10 13 1 265
TOTAL 1,829 6 127 56 4. 2,022
0.5 633 0 150 22 0 805
2a s1 Sol 1,0 546 0 161 8 0 715
1.5 1,426 2 423 39 0 1,890
3.0 335 0 17 8 0 391
POTAL 2,940 2 751 4 0 3,767
- Fecha ¥ horal
19 de enero ds 1,931 2 horas antes de la pussta del 3Jol
20 da enexo deo 1,981 2 horas despuda de la salids del Sol

Lugar:
Shugenii, Shizucka, Japdn.
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Tab}a 2,

Comparacién de capturas de loa simf{lidos
entre las trampas y el cebo humsno

(1) Trampas.
FECHA HORA Ho, de SINULYUM
. tranpas ochracewn metallicum ap-2 otro TOTAL
22 da emere  13:30 - 14:%0 4 43 2 0 G 45
a 1 15:00 - 16:00 4 42 0 0 1 43
23 de enaros  08:10 - 10:10 3 60 6 2 0 68
TOTAL 145 8 2 1 156
{2) Cebo humano
PECHA HORA Colec- SIMUT,TUM
o tor. ogchracewn metallicum pgp-2 otros TOTAL
22 de emero  13:30 - 14150 A 206 i 0T 513
woow o ow ) B 27% & 0 T 286
wowou 19:00 - 16:00 A 117 8 4 3 128
nowon B 233 T 2 2 244
2% de enero 08:20 - 10:10 A 535 62 g 2 608
"o B 719 104 11 5 839
TOTAL 2,083 151 22 21 2,517

Lugar:

Poew, Ednica Ivoné, Chicacao, Suchitepdques,

- 14



Tabla 3.

Numeros de similidos capturados por las trampas

con hielo seco

Tranpa ' | " total !

Yo, ochraqgum metallicws downsi  giiium L otro insecto
1 26 5 - 31, 5
2 52 1 i 5% ' 2
3 25 1 - 26 | 0
4 5 0 - 5 2
5 17 0 1 18 4
Total 125 1 1 133 : 13
Promedioc 25 1.4 0.2 26,6 2.6
% 93,98 5,26  0.75 100%
Lugar: ’

Fea, Ménica Ivond, Chicacao, Suchitepéquesz,

-~z



Tabla 4,

Comparacidn del ndmero de similidos atraidos
con los cebos y las trampas

Atrayente horacios  watallicum ochraceum 8p-2 otros |TOTAL
Hombre 4.5 193 232 22,5 Y
Togua Y 1274 Rl 23.8 10 1559
Trampa o 2 17 o 3 22
Total 4.5 1469 286 463 13 2033
Fecha:

26 ~ 27 de febrero de 1,981,

Lugar:
Finca Buena Vista, Acatenango, Chimaltenango,

- 143



Tabla Y.

Captura de los similides
por las trampap looaligadas en distintos lugares

© Trampa ochraceum motallicum  otves ? Total
1 B 1 o 1 9
2 4 3 9
3 2 5 1 8
4 0 2 & 2
5 13 2 0 15
3 43
. Py
A @
821; @;_K,..QrimL_.o
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!
¥
L rargmies
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M g )
A 1D ;
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-v“\“r—--"‘”(
§: X



7R FEEAKBUC T 4 20 20) 9 % B AR

_%Vat»wﬁ&ﬂﬁ?é7J®MMMWHM®HQ®$%me@LTME
B COED BB T 2o otyhiELT, Th LR HICRSE L&
2> TWnd, o TT2OUBEMBT 2200 H, 216 EDERIB LI
%%%%@%oék,VﬂM%@ﬁbK&mm@%@%ﬁﬁK&ATééww,
CAGMAMIC E 5N G B A 24 4 AT B BT D By

CORBOPIIL, T CRENE--EMg 197042 I 45 A2 T Gua-
temala §{EO T WEIE L CE ORI O— L 3 P& ( B 1 R80-24)
96-105ICHIM E N Tnd, ORI 4F, M5 H, F6RT NS nHRI T
T A ROREFC RSN 5B FHSB OIS BhE A 5 e H fami ly
ORATHNG R TN D, TOHI Chironomidae ( 22 Y #F ) & LTHIT 6

NTWnLEHDOILDNT, ALIKHMABETSC R o,

AT T REROR AT ARMHOBRBEREE E L Cho Bk
I ko.

() RO Le bk PUE B L AR O ERICHA Th AR EL T 2R o
LTWES RIOEHRDLTHEY 257 v o BCAAMRRERE, CDINRELN
CERICRE LROFEBEBE L CC & 203800 2, B2 LE#H200g %5, |
T 2O 0IBHBAKTCEICH S CDXKEL LAD Y~ 51— (i 500
miAbE—m— 2 KBL, A5 PMELCTFEDE LB TCH(cDLE
THEDHFEREZ DDA LED E RO AL R W), BB A TN LW, &
B 500ml ADDZ g v AL, fafEK %4 200ml M T (A& 3
blil, ICAMAEKEY -2 - OREES 2T b, RidhEROK
HIVC L Ly & M KA IR el KIGOALN R &R > = v b TS
Lrcth, KMOM LWEEEO m® PRI AR Le 7 v 2 —p sl i Ly
ﬁ?bOC@Wm&%wMﬁ%TLBN&&,71%&.nzvﬁﬁm,%@@

DAL, Z = ARSI AR A, COFHIE 7 =) bl A



Y e B oml b LTy - VICRET AL EMTE L,
C O ST TR RO R, SAEPO L =N EIIKT RO BNG
nfm%ﬁ,VA%M%&Xﬂmeéc&ﬁfé,7#%M@W%%%@w%

TR E ik, _

() 72 R T OMRASIC L B IR A
fn%%%%ﬂ@ﬁ%&&%%ﬁ%&ﬂ%ﬁwﬁbﬁb?&.%ﬂK%ﬁLT
B L RO R BT S ATE By CORECEY = RBEBEALRDR
Flagt, mox ) BEREE L < E N RO 7 e g SO AT
ﬁ%@mm%ﬁmkémLTmbBMﬁnxuw%mémwﬁ($#?)&%L
ﬁ%@f.¢ﬁ<%11m@axuﬁﬁﬁﬁénﬁ#.%@ﬁgonmqwsm
A HEMIC, poSRICRMI vk,

(o S R T B St & T L O % TG S B b
MTﬁNﬁﬁxwivnxuﬁﬁ@%ﬂﬁﬁ%b{m%%ﬁ%%ﬂ%%ﬁ%%
i b T R dom WA 12nOF T RF v 2K (HEOTEES EFM)
KAR,KEMK,ITnﬁyfﬁﬂwfﬁ@Q%D,¢ﬁf407$&jA0
LERNTE, T d, BRECAFL TR iiZnLBAREL TREE %
B, ChhER 1ERLE CHEL, HBECIDHa2ed A BRIARELL
WA Lk, COFETHSE L THEINAAEEOS, YOBRBEER2E
FRTEDTH Do

OB LD FARAE FOY Y T A3 A 23 A1 TIC 15 4,
BOSULD =2 Y ARME T ILELEMNTER, T LTS Oricotopus sp. A
FPER A ST ABRARLE(, AOBBACRLI AR, ¢ LOHHUCDON
TR, YIE, ShonrETERE L, chl Db L ABRREOMECL
b, TRNLOBEXLEGTHIEHTEL,

rrES LA AT HOMRERER THEIOBAE TERHET AT LKL
Y, EBABALONCHRERICRE E3 040 C LICh A7, FKORE

CHEETH2R) AWDNCH, sk, BEACEELEC DA TnRNED,
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K OPMAERIhLZC L EFMINL,

de, SEE=22Y HhFOME LRBEER VI AT A LT HMBE LA
7edd, Temephos Hif O = 2 Y 7 4 HUCKH % 8 8 %5 O I AT O g c 9 o
AT bl hoks %L, Rincon #20,#21 C2H9 B olidsid ok
K ENEhof T bW, 203 Bt @M O /NERIC Temephos % 10 41O
AHCH L 2 ppm O FCHIAT LA C & OBEETHAH Y LB bh b, ThbKIRIKC
R Ehje 7 = gh MO MK & HMO B @ HEME Y Lk,

(BME £ = F)
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2R Y HHO R R B b e 7 s R O FiREY

(R Zqvhe A5 4% TR L7 2> OMRN

Aoy MEEEES R AN E AF A T ILIRTHE T b h W
e D7 ¢ v BB T A, 775 < TR brxs4 ¥ 7 EFETYHRE
B S B S OA 8 257 %o TVa o BAAT 30°~35° OBIEX VAN AN
L, #OKBETIATEORIKE LTS, AELH 28 ACHbTEPEm
W L A& B Tabla 1 AR LA L 94, S.ochracenm & S.metaliicum © 2

FEODTH o,

O 74 neyav@ed s~ ghBEO RS

COT7 4 ART =T 4 b7 MO E L,. 24 ooy X AL RO @ /)
EHERERE R Tnbd, COT, ®E2 A3 RBC—BIRICERRIT 27 4 R
(74 F)FRAL, FOROT 2 b 22 ) nOMKBOLEHEBE L. ~
zUﬂK@LT@&&ﬁﬂ%mﬁ%LTmamf,CCfﬂ?nKﬁMTﬁ?O
HERATImOEME 10 HMiCbi» CTRETLAHEL I sk, 2 ATHE
Lﬁ%%ﬁﬁ?%ﬁ%&bflA®ﬁK@§Lkoﬂmﬁﬁs%?f7xzmﬂ
MEM, KE1 0/ B%Y dg M LA, BEMLAL Figura 1 (€, 07
BARRE Tabla 2R LA, T2, MBI, #21 Th, #20, #30F
Mo s vErT, WEEE, #21 L, #30 L, #3103 4 TH k.
ChLOEROC S #21 (dkamHose T S.ochraceﬁznﬁ‘)ﬁi%‘ftﬁ’i‘éo
Fro FOMOFE T S.metallicum & S.horaciot &DiEh 74 ( Tabla 3, 4 ),
T #20 BAEHG £/ TS metallicum T EES LTHhOE  OFEAHI
HLA(Tabla s ), EHM #31 & #30 LT L dwkk o/ B ilokhr,
WHLAD #31 [ S metal licum 254 ¢, MIMEO #30 L3 6@ S.ochra-
ceum #FHHMBL L7 ( Tabla 6,78 ), '

WFROEET b B BAMT S AR L, L I L % 7
B, BTELLEEROEBAS -/, & I, BREHLASEFTEe -



Ao & QMK AR LT b, l— 3Rk BRI S IR O30 T T RN
EERTMLTABE VAL Do W LIt~ COLY A b > 7w D iEOH
Sl Cd b SochracoumAHHEL Lre ¢ &, Wil % @ e AN M ORIE L 72 T
FORNERBSE T WA, & CICHEMTM U TABEMINT A, & LUK

.mm@ﬁﬁﬁ&MMﬁﬁMLfm&ﬁf,%&%m%ﬂmf&&ﬁﬂfmzmm

BONME & LTOREERE

| (g o = )



Tabla 1.

Numero de larvas y pupas de los Similidos en
la Finca HMedio lionte

Espeéie Larva Pupa Total
S. ochraceum 25, 0 25
8. metallicum 27 3 30

Fecha : 28 de Enero de 1,981,

Observacidn: Agua se sale de la pefla,

Tabla 2
Aplicacidn del insecticida
a los afluentes de la Finca Rincdn

No., de Descarga de agnua Cantidad de Temperatura .Hora de
Afluente (ﬁ/seg.) insecticida* de agua Aplicacidn
# 21 0.8 g, _ 4.5 10:10

# 20 5.7 24g, 14,0 10:20

# 30 13.3 56¢. 16.8 11:10

* Cada bolsa contiene 4g. de Abaie polvo humectable al 5%.

Pecha: .3 de Fevrerc de 1,981,
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Los afluenites de la Finea Rincédn

ROTA: Los circulos indican sitics de 1ls aplicacidn,

Lineas gruesas indican corriente tratada N

Lineas delgadas indican corriente no tratada,
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REVIEW OF PARASTTOLOGICAL, EPIDEMIOLOGICAL AND
IMMUNOLOG ICAT, INVESTIGATIONS TN ONCHOCERCTASTS

CONTROL PROJECT IN GUATEMALA, 1976-1980
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INTRODUCTION

A cooperative prpject was ihitiated between Japan Internationai
Cooperation Agency (JICA) and the Government of Guatemala in -an attempt to
control onchocercinsis. The first five-year program of this p?oject wWas
started in May, 19?5.and terminated in September, 1980. ‘The objective of
this pyblication are to review advances in the initial 5 years.and orient
future investigations. The results were based on the First Report‘on
Onchocerciasis Control Project in Guatemala published by JICA in 1978, in
addition ﬂo quarterly reports submitted to JICA by Japanese experts of |
palasitology. FEmphasis was placed on basic biological and immunological
Stuéies of this parasitic diseases. Ophthalmological, dermatological and
epidemiological éspécts'are not treated in devth in this review although
there is much available data.

Japanese experts who participated in the presenl project of parasitology
and epidemiclogy are as follows;

Hiroshi Takahashi (1976-1980); Project leader

Yoshiki Aoki (1976-1977); Parasitology

Teruaki Ikeda (1976-1977); Immunclogy

Yoshihisa Hashiguchi (1977-1979); Parasitology

Masato Kawsbata (1977-1979); Parasitology

Shigefusa Sato (1976); Immunology

Isao Tada (1976); Parasitology

Akihisa Hasebe (1977)}; Epidemioclogy

Shigeo Nonaka (1977, 1978, and 1979); Dermatology

Hiroto Yamada {1977, 1978, and 1979}; Ophthalmology

Hitoshi Kasuga (1977); Epidemiology

— 162~



Tsuguyoshi Suzuki (1977)}; Epidemiology

Takesumi Yoshimura (1978-1.999); Epidemiology

Masatoshi Takaoka (1978-1979); Immunelopy

Makoto Sakamoto (1979-1980), Parasitology

Yohichi Ite (1979-1980); Immunol ogy

Kaoru Kondo (1980); Porasitology
Guatemalan participants in the present projest of Parasitolopgy and
epidemiology are as follows:

Juan JOSé Castillo Q.

Hector A. Godoy Bonilla

Bernabe A. Batres

Guillérmo Zea Flores

Eddy.Mandez

Carlos Enrigue Rimola

Horacio.Figueroa M.

G. Alfonso Garcia Manzo

Jose Onofre Ochoa A,

Manuel M. Recinos C.

Otto Fabian Flores C.

Felix Raul Paredes E.

Pedro Antonic Melina

Osiel Orlando Gudiel

Julio Gésar Ramos V.

Jose Ernesto Esirada F.

René Del Cid

Enr{que Chester

[} [}
iracely Lujan Trangay
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Hilda Olivia Reyuozo
Guadalupe Sandoval

1
Maria del Carmen de Rodrigues

Jaequline W. de Cruz
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1.

Onchocercoma

1)

Distribution of onchocercal nodules in patients bodies.

In Rigeria, Oﬁuigbo {1979) étudied 78 cases of onchocercoma and found
only 14 (16.74) in the head and the other 64 in the trunk. In Guato-
wala, however, Tormation of the onchoéercal nodules ocours generally’
in the head, rather than the trunk, rarely in the legs and arms. Out
of the 530 nodules diagnosed by palpation, 56,5% were located in the
head, particularly on the occipital and parietal bones, the remaining
in the trunk, especially near the iliac(TABLE I-1). Thus, there was an
observable.differehce befueen the location of nodules in patients!'

hodies from Guatemala and Nigeria,

Size of noduile

In Guatemala, the diameter of 338 neodules rewoved from the head and
trunk was measured, sampling patients who had ﬁot=had a nodulectomy

for more than one year, The ncdules examined ranged from 4 to 20 mm,
although 82.5% had a diazmeter of 5 %o 12 mm, with the majority meésurim
6-8 mz (TABLE I-2). The average diémeter of the nodules removed from
the heed was 7 um, whereas 8 mm from the trunk, Moreover, 13%5 of the
nodules removed from the trunk measured greater than 15 mm (FICURE I~-1,.
Basentially, nodules from the torso tend to grow larger than those

from the head,
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TABLE 1I-1

Distribution of Human onchocercal nodules
(530 nodules were examined by palpation),

Location - Prequency (%)
Occipital 25.2
Parietal 22.1
Head =~  Temporal 7.2
thers 2.1
Sub-Tota 56.5
Iliac 6.4
Scapular 6.2
Costal 5.4
Coxal 4,0
Trunk Dorsal. 2.4
Cervical 2.3
Trochanter 2,2
Extremity 1.0
Others 3.6
Sub-Total 43,5

{soki., Onchocerciasis Control Project in Guatermala,
Fir st Report, 78-2(186), JICA, 1978).
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TABLE 1-2

Size of Nodule

Diameter (mn) | YFrequency (%)
- 4 7 ( 2.1)
4- 5 28 ( 8.3)
5- 6 54 (16.0)
6~ 8 109 (32.2)
8~ 10 75 (22,2)
10 - 12 41 (12.1)
12 - 15 20 ( 5.9)
15 - 4 ( 1.2)
Total 338

(Aoki; Onchocerciasis Control Project
in Guatemala, First Report, 78~2€186),
JICh, 1978).
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3)

4}

5)

Microfilariae detection in relation o nodule size.

Various sized nodunles were examined for presence of microfilariae

{mf) and no 4 mn nodules exhibitéd mf', Percentage of nodules con-
taining mf increases proportionately, with size.

Bighty percent of the 12 mm nodules contained mf, while all 20 mm

nodules were positive for mf, (FIGURE I-2). These reports suggest

that large nodules nre the primary source of mf.

kon=-onchocercal nodules among diasgnositic onchocerconce.,

373 nodules were diagnosed as onchocercael, using Brigader's palpation,
then they were excised and microscopically examined for helwminth
adults (TABLE I-3). In the study, approximately 10% of the diagnosed
onchocerca nodules were later determined as non-onchocercal, due to

the absence of the 0, volvulus sdults,

The relationship between the microfilariae and the sex of the adult

0, wolvulus in the nodule,

The sex of the adult 0. volvulus from 62 colagenase-digested nodules
was determined. One-hall of the nodules contained females, while the
other half sheltered both sexes (TABLE I-4). fThe presence or absence
of wf was determined by skin biopsy of persons harboring adult helmin-
ths within nodules, Among the mf infected patients, 55,6% of the 45
nodules harboured both male and female heminths, while in the non-

“tgetad wf sient, 35.%% of the 17 nodules had both sexes.
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FIc. 1-1 COMPARISON OF SIZE OF NOODULE FOUND IN
HEAD AND BODY

30 9

257

201

4 T ~T + ]
q .5 . 8 8 10 2 15 20

- $1ZE OF NOOULE {mew, diameter) °

(Acki; Onchocerciasis Control Pr“oj‘ect in Guatemala,
First Report, 73-2 (186), JICA, 1378)
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TADLE I-4

Sex of Onchocerca containing in nodules

Results . _

of Skin gex of Onchocerca containine in nodule TOTAL
biopsy both sex aingle sex {(female)
Hf-positive 25 20 45
M{-negative 6 11 17
POTAL : 31 31 62

(Sakamoto, Ito & Yoshimura, Quarterly Report, 1979).



6)

7)

This suggests that the mf emerge more frequently from nodules cohtaining

both sexes of 0. wvolvulus,

iale and female helminths in nodules,

Since it was vreviously difficult to separate the entangled helninths
from the nodules, few measurements of the aduli length had been takén.‘
However, in receni years, with theAuse of colagenese (0,1 mg/ml diluted
in 199 medium), enzymatic digestion of the nodules occurs, allowing
separation of intact adults and their measurementis, The iength of the
adult males ranged from 1.0 to 5.2 em, {mean 2,5 £ 0,7 cu), while
females measured from 16,8 to 69,7 cm. {mean 33.83% 10.7 cm), ‘The
majority of the females harbored hf and eggs in their uteri although
two small females, with lengths of 8‘9land 12.4 cm, were considered to
he uncopulated, early fifthe-stage adults, without nf or eggs., These
small females were responsible for nodule fo:mation.clearly detectable_
by palpation. Within the males observed, all were mature possessing

two spicules,

Rete of new nodule formation,

New nodules were observed 6 to 8 months in 90 out §f the 883 paﬁients
(10,8%) reexamined after rencvieg &ll detectéd nodules, Considerable
variation in rate of nodule formation was observed among the different
localities, In 3Ban Ficolds and Camardn, where mf infection was low,
no new onchocercoma were formed, In Guachipilin, whefe nf positive

rate was 80,%%, new noduloes were found in 26 out of 48 petients (54.2%).



In general, the rate of new nodule fornation increased, as mf positive
rate increased (TABLE I-5),

An additional survey was conducted to determine the nedulation rate
among nodulectomized patients with or without mf, The rate of nodule
fornation was 37.05 {Tor 50 out of 135 patients) for nf &and nodule
positive patients within 6 to 8 months after the initial nodulectomy,
For mf positive and extirpated nodule, the rate was 28,4% and 4,5%

for mf and nodule negative patients, The data demonstrates that
nodulation rate was higher among patients positive with mf and nodules,
then among those.négative, in addition, the rate remains high even
after nodulectomy., {TABLE I-6), |

A third examination was condueted 6 months after the second and
appréximntely one year after the initial examination to determine the
nodulation rate among patients who had been negative in the previous
examinations,

New nodule formation was common among patients younger than 15 years
old (TABLE I~T7).

In summary, the rate of nodule formation was determined by periodic
examinations and surgical extirpations, which allowed appraisal of
dissemination in a given ares and is useful for determining an effect:

of control measures,

Hodule occurrence in relation to sex and age of patienta,

Frequency of onchocercal nodules was determined according to age and
sex of patients, In all age groups, males were more frequently infected

than females, In either sex, infection rate augnented with age. The
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inTection rate increased rapidly in male age groups 3-4 and 10-14,
while in fomale age proups $-9,
Very few onchocermae weve observed in ages 0 to 2 years, although it

is interesting to note that nodules formed after 2 years,

Diagnosis by palpation and skin-biopsy,

The objective of this study was to compare two methods for diarnosis
of onchocerciaais infection; 1) palpation of notules znd 2) Skin-
biopsy for presence of mf. The former proved glightly less effective
than the iatfer. Use of only one methed failed %o detect from 20 to
30j% of the cases (TABLE I-8), |

In areas with.low infection rate, the two methods were comparably
efficient, Palpation and skiun-biopsy which could noi be detected by
each other method detected 27.1 and 30.2#4 of the cases, respectively,
On the other hand, in areas with high infection, palpation was less
efficient than skin-biopsy. Palpation and skin-biopsy diagnosed 15,0
and 33.9% of the cases, respectively, which the other method failed

to detect, Among patients younger than 15 years old, palpation tended
to be more efficient (TABLY I-9), In conclusion, the two approaches

should be used complimentarily for more precise onchocercissis disgnosis,
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PABLE I-8,

PARASITOLOGICAL FINDINGS IN 587 CASES OF ONCROCERCIASIS

No, of Percent of total

Findings cases infected cases,
Module=positive 412 : 0.3
Hf-positive 485 82.8
Fit-positive with nodule 311 | 53%.1
Hf~-positive without nodule 174 299
Hodule~positive without MF 101 17.2

Total 586

{Aoki; Onchocerciasis Control Project in Guatemala, First

Report, M-78-2 (183), JICA 1978),
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PABLE T.0,

Frequency of infected persons exhibiting ohly Onchocercoma

LOW ENDEMIC AREA

Age No, of Nodule- Nodule- Nodule Frequency of
roup persons  positive positive negative  patients with
years) infected with Mf without Mf _with Mf _ nodule only (%)
O- 4 3 0 3 0 100.0

5- 9 34 10 19 5 55.9

10-14 49 - .18 22 9 44.9

15-19 37 12 10 15 27.0

20 301 141 61 99 20,3

Total 424 181 115 128 27.1

HIGH ENDEMIC AREA

Age Ho. of HNodule- Nodule=~ Nodulew Frequency of

Toup persons positive poaitive negative patients withﬂ
%Years) infected with Nf without Mf  with Mf nodule only (%)
0~ 4 12 4 : 6 2 50,0

5 Q 47 21 15 11 31,9

10=14 41 20 8 13 19.5

15-19 26 13 4 9 15.4

20~ 181 99 13 69 7.2
Total 307 157 46 104 15.0

(Tada, Sato, Aoki, lkeda, Quartely report, No, 4 1977).
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1Y,  MICROFILARIAE

1) Hicrofilariae density in the skin.,

Microfilarine (mf) density was determined by snipping skin from
different parts of thé potient's body to eétablish a skin-biopsy
mnethodology for reliaﬁle onchocerciaslis diagnosia.

Picq and Jérdal {1974) reported different mf’dénsities in scapﬁlar,
pelvic'and fibulayr skin with a uniform wf population near the pelvis
upoﬁ examining 50 onchocercal patients in Upper Volta, Africa.

In Guateméla, at Finca Honte de Oro, skin samples were taken by a
Holthmfype sclero-punch from 14 different body locations of i4.pntienm
(¥IG. 1I-1).

After the samples were immersed in saline solution (O.BEE)Ifor cne
hour, emerged n{ were microscopieally counted,

If density was high in scapular and pelvic skin, particularly high
(52 wf/snip) from the right pelvis, A1l 12 mféinfécﬁed patients were
diagnosed pesitive by examining skin.from left peivia, KT density
was low in skin from the head, arms gnd legs, and snips from these
areas failed to detect 5 out of 12 mf positive patients. Tt is
interesting to note a low nf density in the heéd, where nodules are
most frequently formed (TABLE 11-1).

Thus, skin-biopsies from scapula and pelvis give most reliabie
diagnogis,

Similar results were thained in Palin, Guatemals, by skin—snipping
6 different body locations from 22 ﬁatienfs previoualy diagnosed

pogitive by eye examination, Skin from left pelvis had high mnf
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. BIGAT POST AURIGLE

R‘I ONT OUTER CARTHUS

BACK NECK
RIGHT SCAPULA

. LEFY .SC&PULA )
INRER OF THE RIGHT FOREARM
QUTER OF TH‘E RIGHT FOREARM
. IMNER OF THE LEFY FCREARM
QUTER OF THE LEST FOREARM
RIGHT ILIAG CRESY

. LEFT ILIAC CREST

- ﬂiﬁ"'f CALF

LEFYT CALF

: FI6. I1-1 LOCATION OF SKIN SNIPS TAKEN BY: HOLTH-TIPE
SCLERO~ PUNCH.

1: DORSAL VIEW II. VERTRAL VIEW
{Tada, Aoki, Hashiguchi 2 Kawabata; Quaterly Report, do. 5, 1977}
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dengity and wost efficient for detecting onchocerciasis (TABLE II-2).
Skin from the left geapula and pelvis were compafed for mf density
and of detection using 96 women from a highly infected ares, Ko
signifiéant difference was found between the two specimens (TABLE 1I-3),
Thereforé, 1t is considered appropriate to skin-snip both left and
rlght scapu}as, ralther than inconvenience the women with pelvic skin
sampling,

Accuracy of skin-biopsy in determining nf positive patients was
compared using.snips from one versus two areaa. Skin sanples were
removed from men's left scapula and left pelvis and from women's
right and left scapulas (TABLE II-4), Bxamination of either one
sample detected 85-95% of the cases, wnich were diagnosed by the

two complimentary biopsies, For moré informative results, two

biopsies were taken from patvients to diagnosis onchocercissis,

Hicrofilariae density surrounding onchocercoma,

Kicrofilariae (mf) density in skin tissue near the onchocercoma was
studied to deternine if mr produéed by 0. weolyylus adults emerged
from nodule and penetrated the surrounding skin., Ff were frequently
found in skin near nodules in nen-hairy head and trunk, however not
in skin from hairy heads,

Ho mf were observed in half of the skinwsnips taken from hairy heads,
while mf density was 20 in legs, 50 in trunk and & in hairy heads

{TABLE I1-5),
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TABLE II--2,

ticrofilaria denaity wer snip taken by holth-type ncleropunch
from the various parte of the body (as showr ir PiC.17-1) Talin
Guatemala, -]

Sites of
Yo, P A B “ . K . e
Patients o 4 I TOTAL
1 : 144 66 108 130 44 1 493
2 5 30 ] 1 1 40
3 410 a5 370 60 50 0 975
4 92 13 52 47 194 16 331
5 9 0 39 24 2 % 77
b 96 41 66 167 573 3 946
T 0 0 5 3 10 0 18
g 60 166 154 277 91 39 77
9 19 0 2 21 ¢ 41
10 57 95 5 22 0 195
11 0 2 3 0 23
12 12 42 T 5 139
13 93 86 687 319 729 115 207%2
14 5883 10 262 245 197 4 1306
15 15 v 0 110 162 i 288
16 127 165 869 22 158 21 1362
17 17 5 ENNS 40 139 1 447
1 2 5 22 33 316 3 381
19 14 124 29 21 3 0 196
20 271 531 37 112 101 24 1076
21 0 5 5 3 6 0 7
22 1 0 & 10 173 0 200
Total 1,954 1,493 2,933 1,675 3,092 241 11,%53%
hverare 88,82 68,09 132,41 76,14 140,09 10,95
o 17,20 13,13 25.13 14.74 27,13 2,12

(Tnda, hoki, Mashiruchi, =snd Yawsbatsa; Cuariterly Report, Fo.5, 10773,
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TABLE Ti-4.

Mf positive rate of double skin snip taken from
Onchocerciasia patienta

Wxemination of microfilaria in

: _ No. of
Sex e skin samples taking from cases
Left-scapular  Right-scapular  Left-pelvis %
Male + + 186 (80,8)
+ - 10 ( 4-3)
- + %4 (14.8)
Total 230
emale + + 102 (80.3)
+ - 11 { 8.7)
- + 14 (11.0)
Potal 127

Skin samples were removed from left~-scapular left-pelvis from

left-scapular and right scapular for woman,

man and

(rada, Aoki, Hashiguchi & Kawabata, Quarterly Reported No. 5, 1977).
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3)

Thus, since mf density is 1ow in hairy heads where nodules often
form, this indicates that mf density is not necessarily high arédund
nodules, It is open to question how low mf denaity in head skin is

related to the translocation of mf to the eyes,

Hicrofilariae density in scapular skin and around nodulies,

N7 density was observed in gcapular skin-snips and in skin surrounding
nodules from various regions in the body, Mf density was higher in
skin surrommding trunk nedules, than in scapular skin-biopsies

(10 out of 18 cases), in although mf density wes lower around nodules
from hairy heads, than from compared with gscapular skin-biopsies

(22 out of 3% cases), MNf were found in scapular skin but not around
head nedules in 14.3%'of patients, while no mf-were detected in
acapular skin nor in tissue surrounding hairy head nodules in 22.95
of the cases. In 15,9% of nodules formed in legs, mf were observed
near nodule, but’ not in scapular saﬁplés. Aéproximately 104 of
onchocercoma_patients show a mf negative reaction to skin autopsy
from scapula or pelvis, and can be accounted for by previously

described non-onchocercal nodules,

Comparison of three skin-biopsy methods,

The traditional method for sampling mf in the skin was to raise the

— 192 —



L=l

skin with a lancet (or'needle) and cut with a scapel, n sample with

& 3 -5 mm diameter, In vecent years, howevor, bwo types of sclevo=~
corneal punch (Holth apd_ﬂnlaer) have been employed for skin sampling.
The objéctive of this study was to compare the practicality and
efficiency of the three methods.

At Finca Valle de Oro_iﬁ Guntemdla, skin~snips were collected, 10 mm
apart, from three locations on the Jeft scapule of 109 patients,

using the three methods 1) lancet and scapel 2) Holthw-type, and

3) Halser-type seclerocorneni punch, After skin samples were soaked

in physioclogical saline solution for one~hour, emerged mf were counted,
Skin-snips were measured for thickness after fixed_in 105 formaldehyde,
The use of the lancet and scapel produced the thickest skin-snip,
while no significant difference in thikness was observed between the
two sclerocorneal punches (TABLE 11-6). lancet and gcapael was mosat
efficient for detecting wf, followed by Holth-type, then Walser-type
sclerocorneal punches, |

Although lancet and scapel was most efficient, it was least practical,
There was great variability in skin-snip thiknesé and of'ten bleeding
resulted, scarring patient and causing pain, Considering attributes
and drawbacks, the Holth-type sclerocorneal punch wes chosen for

epidemiological studies in the field.

Appearance of mf in the Urine,
Anderson {1973}, Buck (1973) and Piq & Roux (1973) reported the
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excretion of mf in urine of African onchocercal patients. lazen

ot, al (1975) examined 65 patients, older than 10 years, fxom a
coffes pl&ntétion in Yepocapa Guatemala and delected mf in the

urine in 17 - 304,

In the present project, mf presence in the urine was microscopically
examined, particularly in relation to skin-biopsy, in 46 and 41
Guatemalan inhabitants from WMinca Berlfn and Finca San Rafael Suma-
tdn, respectively.

Urine samples were allowed to settle several hours, the supernatant
decanted, residue centrifuged and the precipitate micrescopically
examined for mf,

One to four mf were detected in the urine of 8 (17,4%4) and 7 (17.14)
in inhabitants from ¥inca Berlfn, and Finca San Rafael Sunatdn, roge
pectively (TABLE II-7}. Iif were found in urine 2%.5%5, and 20,64 of
mf positive patients from Fincas Berlin, and San Rafzel Sumatén
respectively. Three patients diagnosed mf-negative by skin-biopsy,
exhibited mf in the urine, A complimentary urine examination may
improve between mf density in skin~biopsy and appearance of nf in

urine,

Periodicity of microfilaria density.

Thomes et al (1973) stydied a daily fluctuation of mf density in skin

P4

snips from onchocercal patients in Czmeroon, Africa, They reported

that mf density doubled from early morning iloward noon, On the other



TABLE TI-7.

"

Results of examinations on microfilarae of 0. volvulus in urine

and in skin suip

No. of persong No. of persons - No, of persons
Locality oxained 'POSlt%ve_w%th nf -p081t%ve with mf
in skin gnips o, in urine,
Berlin 46 51 (67.4) 8 (17.4)
San Rafael
Sumatén 41 31 (75.6) 7 (17.1)

(Hashiguchi, and Kawabata; Quarterly Report No.6, 1977).
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hand, Pieq and Jardael (1974) concluded that there was ne daily
periodicity of mf density in pstients in Upper Volta, Afrvica,
Duke and Moor (1974) inoculated chimpanzees with Guatemalan and

African strains of Onchocerca Yolvulus and studied daily fluctuations

of mf density in skin-snips, ¥f of the Guatemalan strain voaked
from 5:00 to 12:00 in the norning, ‘“hey mentioned that'during this

time of day, Simulium ochraceun and 8. metallicum, two major vectors

of Guatemalan oncheocercosis, most actively suck the blood from
human85

Anderson gt al (1975) reported that mf density pesked around 10 a.m,
coinciding with the highest bloodwsucking.activity of 5. gchraceum
in Gugtemala. On the other hand, Tada and Plgueroa (19?4) found no
daily periodicity in mf density of 21 onchocercal patients, and no
correlation in periodicity between mf density and bleood-sucking

activity of 5, oghraceum in Guatewmala,

In summary, there are confiicting reports concerning deily periodicity
of mf density in skin-snips,

In the present project 2 daily periodicity was studied in skin-snips
from 14 onchocerciasis patients from *inca San Rafael Sumatdn and
‘inca Nimayd, Guatemala, Skin samples were snipped at different hours
and soaked in physiological saline selution Tor one {¥inea San R-fael
Sumatdn) or two hours (Finca Nimay4) at room temperatures {18-27 OC),

2 vere microscopically counted (MABLE I1I-8, and

bnerged mf per 10 mm
11-9),
There was much variation from each vatient and no clear deily periodicity

was obgerved, In mean counts per sampling hour, however, mf density
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TABLE II-8,

Daily fluctuation of microfilarise density in skin snips taken

from patients at Finca San Rafael Sumatdn, Guatemala,

Hour . No. of microfilaria/lOmm? . Noan
Patient-No,1 Ho. 2 No, 3 No.4,
18:00 63 393 66 20 136.8
21:00 51 297 142 31 130,75
2400 114 99 181 20 103.5
4:00 70 183 121 56 107.5
6:00 45 114 257 18 103.5
9:00 . 8 179 . 68 14 84,8
12:00 144 217 69 6 101.5
15:00 31 317 64 4% 113,5

(Hashiguchi & Kawabata, Quarterly Report, No. 8, 1978),
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wns lowest during 9:00 = 11:00, ond highest during 17:00 - 21:00,
1t was difficult to drew o definite conclusions due 0 high waristion
in mP-density a=mong skin-snips, This nay sccount for the vreviously-

reported eonflicting results on daily veriodicity of nf.density,

Panetration of miecrofilaris into antexrior chamber of eye,

Presence of mf in anteriﬁr chenber was studied in relation fo mf
density pér skin-enip, using 587 residents from onchoqerciasis-
jnfested area in Cuatemala, Fore mf wera found in anterior chamber,
proportionel to incresing in prtient's skin. ‘When mf-density
surpessed 500 per skin-snip, nf were obzerved in anterior chamber of

nearly half of the patients (TABLE IT1-10),

iierofilaria infection in welation to sex and age of inhabitants,

Kore men were infecied with mT, than women in all age groups, Infectic
rate increased with ase, both with men and women, rapidly vising in

3 to 4 snd 15 to 19 male ave brackets and in 5 to 9 and 10 {o 14 ferrls
age sroups. Thus, men were infected with mf st vounger azes, compared

o

with women. 'f were detected in skin~snios from patients of 0-2 age

rrowp, indieating that mf were produced within two yeors after the

N

IT-2% ).

patient was infected vith 0, wveolwulus (an



TABLE II-10,

Relation between Microfilarial Rate in Anterior

Chamber and Microfilaria Density in the Skin.

EEFD* | No, of No, of positive in | Percent positive in
Lxamined | Anterior Chamber Anterior Chamber

O - 102 4.9

- 10 166 3,0

11 - 50 151 23 15.2
51 ~ 100 63 13 15,2
101 - 200 52 13 20.6
201 ~ 300 16 25.0
301 -~ 500 21 28.6
501 ~ 16 7 43.8
Total 587 76 12.9

* No. of HMicrofilariae per Single Snip,

(Aoki; Onchocerciasis Contro

Report, 1973),

L]
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IIT1.

1,

Disseninntion of onchecerciasis in Guatemnla,
Disease survey in Guatenmala,

The pfesent rroject conducted g survey on the extension of
onchocerciasis in different areas of Guatemale from 1974
through 1980, The disease wos diagnosed by presence of nodules
using palvation,and af in ékinmbiopsy. The resgults are

swmarized in Table IIE-1, and 1112,

Rate of infection and altitude,

A disease survey was undertaken at different altitudes in San
Vicente Pacays, Guatemala, Infection rate was highest at altitules
from 1,200 to 1,400 m, above sea level; nodules and wf were
detected from 32.2 - 67.6%, and 44.4 - 80.3% of the residents
exanined, respectively, The second highest infection rate wes
loéated around 700 m; nodules and mf were found in 17.8 - 53,653,
and 35,6 ~ 76,0% of the habitants surveyed, respectively. ™he
infection rate was lowest helow 450 m and above 1,700 m; nodules
and mf were detected only in 9.7 - 15.1% and 7.6 ~ 18.7% of the

residents examined, respectively (TABLE ITI-3),
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TARLY 111-1.

Positive rate of onchocercoma by the palpation, svrveyed at
the different localities in Quatemala Trom 1976 to 1980,

Locaties

No,bxam, Ho,Posi, Pevcent Posi,

Date Bxam,

Apun Blancsa
Ague Dulee
slejandria
Amete .
Arabic

Berlin

Buenns Viah»

Cafn Yiede

. Cefia Vieja-Berlin

Camardn

Camaron-Chagitites
Ceracol

Cedro
Chazuites

Chilar
Chilens
Clileo

Tiamnnie

6
140
20
64
53
47
25
54
64

N

0
18

ptel

A
]

o
SN

20

15

0
12.9
40.0
12.5%
22,6
36,2
16.0
14,3

4-6/17
5/
4-6/4717
4-6/v77
4-6 /%71
G0 176
a-6/177
8/'79
7/180
/179
AN
1740
5150
77170
5-0/176
a=6 /77
a/19
790
10-12/177
5-9/'76
A-G/TY
10-12/7077
467177
5-0/17h
461417
10-127196
4~6/*71
A=t 177
45,177
4/190
A=E ST



Bl Amate
Bl filagro
E1 Rabén
11 Silencio
E1 Teguimay
Guachipilin

Guachipilin Area

Hamburgo

Hoja Blanca
e
La Cruz

l:a Mokn

Lag Chilcas
Las Ilusiones
Las Parasitas
Las Victorias

Londres

Los Chorritos

Los Rios

Fonte Quina
Nimaya

Pacaya Grande

142

347
33
236
179
241
204
292
29
29
41
T
32
19

05
83
85

121

e

112
73

125

205~

26

10
16
48
26
53

34

23

25

8

42

21

12

AG
34
38
13

13

19

32.9
25.0
20,0

7.0
34.1
67.6
94,2
63,5
32.0
335.3
11,1
17.3
33.8
12,7

10-12 /176
5-0/"176
46/ 77
10-12/176
5~9/'76
5-9/416
S AN

10-12/177

8179
T80
8/'79
10~-12/"16

10-12/177

2/'79
9/'73
/1830

10-12/'77
4-6/177

10- 2/t 77

3/119
/179
6/1680
47780
5~9/176
5-9/176
5-9/116
3/t80
24179
7/'80

10-12 /176
5-0/176
A-b 0T

10-12/177

3/179
T/190
3/'80
3/150
5-9/176



Pecaya Grande et al,
Pacayal

Pacayalito
Palin(Chilar)

Patrocinio

Puerta de Oro

Rincén de Pacaya

Rodeo

3an Francisco :de Sales
San Gresorio

Gen Isidroe

San Josd Bejucal

3ar José de la frug

Tan Josd e 12 Cruz ot al
San José Cuachipilin

San Hicolds

San Rafnrel

San Ratzel Coyolito

Sar Rateel Sumatfn, Rosarioe
San Roman

Santa Clara

Senta Emilia

Santa Bulalia

Santa 7é

Sipajk

Soledad

Tequinay et al

Valle de Oxa

alle e Orc Rsperanza

108
359
145
622
546
A5G

56
10
36
229
34
17
109
15

A%

8a
22
40
64

271

41
11
275
1938
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7.4
1.4
7.6
44,2
54,4
9.9
6.3
13.3
17.1
32.0
11.0
33.3
16.3

AT
a8
50,6
15,1

23.2
£0,0
19.4
16,7
29.4
ir.3
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ARk IT1-2

Positive rate of microfilaria by the skin-biopsy, survevad

in the different tocalities in Guelennla,

logality Population  io,ixan, Yo, Pesi. Percent Posji, 3—;’?‘})"
wan Blancse ‘7 S5 1 20.0 A6 /177
\ejandrds 35 19 13 12,9 4B 0T
Arabia 55 45 12 26,7 e
Ferlin 5P 42 29 69.0 5.0/vi,
pna Viats 79 19 6 6.1 /746
i 71 43.4 5 /1720
92 3 B4, 70
naron Chagnites 129 22 7. 16-12/177
1 Fieje he 03 %3 42,3 Gt FVTE
Yieje, Berlin 104, 74 "2 L1271
recol 44 27 He 27.2 AL i
wrizal a2 O 0 1.3 /00
“hilny 2% 20 1 30,0 LGN}
ey (Pridn) 590 283 22,0 46177
'ruileo 162 i1 6.5 410

inante ' 5 75 i 2.3 raB VT
Poinate ag 73 26 35 6 g0 /171
1 Comnmron 17 Th i 7.6 5.0 /176

! Cedlro 412 37 25 3.0 Gt 117¢
Tayo MES ¥ 0 1-3/179
ilagro 14 3 1 12.5 5.a 7

1 Rebén 12 A s 50,0 4uis 17

1 2ilencio 174 130 3 2.2 5.0 /176

nachipilin a4 66 53 20,0 50 /76

_ 52 37 7L.2 10127177

chipilfn srea (Guachipilin 232 168 110 65 .4 7-9/17%
ifn, Cafia Viejz Coyolito). 210 1907 51.0 3/v79
13 81 42,4 7/ 80

b TEo 177 117 45 39,5 10-12 /Y76
106 4% 37.7 5-0/176

74 40 54,1 10-12/177

64 27 42,2 1-3/'79
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INDIRECT HAEMAGGLUTINATION TEST (THA)

ihdirect hasmagglutination test (IHA} is considered one of the most
sensitive and realiabdle methods, frequently use in immanological
diagnosis for parasitic diseases, There have been, h0wev§r, Tew
revorts using IRA for diagnosing onchocercinsis, hence, several basic
pointa hust be checked to study the feasibility of this method for
this particular disease, The principal objective of the present study
was to determine if IHA coul? be used to measure the effect of eontrol

measures -for onchocerciasis,

1, Faterials and =methods,

antigen: 0. volvuwlus adults from onchocercomae were macerated

by mortar and pestle, treated with scetone to remove fats, and
extracted for 2 days in 0,015 ¥ phosphate buffer, pZ 6.8. The
extract was centrifuged for 30 min at 27000z and the supernatant
was used a3 the antigen,

Sensitized red cells: Unless otherwlse mentioned, humen

erythrocytes from O blood type were used.

The erythrocytes were fixed with formaldehyde, treated at 37 °C
Tor 15 minutes with tannic acid solution {1:40,000 dilution) and
sensitizged at 37 °C Tor 30 min with the same volume of antigen

solution {2 mg dry weight/ml).

Blood samples: Wilter paper for blood-sampling (Toyo Roshi Co.,

type 1) was used to collect the blood from patient's ear lobes,
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dried at room temperature, and stored at -20 °C, TFor asgay,
the blood was extracted from the filter paper in 0,015 M
phosphate buffer, pif 7.2 to give a 1:20 dilution, Sers from

veins of some patients was also assayed for comparison,

THA TEST: The blood samples of 0,025 m) each were pipetted in
microtiter plate (Tomy) and diluted in a series of 3-fold
dilutions. To each well 0,025 -ml of 2,5% sensitized red cells

were added, Reactions were observed 24 hrs, later,

Comparison of blood samples from ear lobes and veins,

Blood sample collected frﬁm ear lobe by filter paper ané serum
from veins removed by needle and syringe were compared in titers
of THA test, from 63 residents of “inca LaITorre, Guatemals,

The two samples were closely correlated (r=0.96) (Fig., 1v-1),
Hany patients refused blood sampling from vein using needle and
syrirge, Spearing ear lobes, on the other hand, was less painful
and more easily accepted by patients, Horéover, blood-steined
filter pzver is more easily transported and stored than sera,
Thrafore, it was decided to use filter paper for collecting the

bloed for IBEA in the present project,

Standard for IHA positiveness

THA tests were performed on 208 habitants from Pincas Nicoléds,
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FIG, IV-1. Comparison of IHA titers obtained with serum collected by
ven.ipuncture and blood collected on filter paper (Finca La Torre,

Guatemala).

(Ikeda, Tada and Aoki; Journal of Parasitology, 64(5), 1978)
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Guachipilin, and E1 Amate, three Guatemalan plantations in the
endemic onchocerciasis-zone, Skin—biopsy and palpatlph for no-
dules were also conducted simultaneously to compare wi{h pRsH!
(TABLE IV-1). |

The residenté axanined were divided in four groups depending on
mf iﬁfeétion and nodules; group I= both mf and nodule pdsi%ive,
1I=n? positive and nodiule negative, I11=mf negative and nodule .
positive, and IV=both wf and‘nodule negative, Setting a titer
1:180 as standard for IHA positiveness, a 85.0 % of 107 patients
of onchocerciasis from groups I, I1, and, III were IHA positive.
The remaining 15.0/% cen be accounted fér'by presence of approximately
10% of non-onchocercal nedules, which was previously stated.

By the same standard, very high proportion (94.4%) of wf positive
patients (trué patients of onchocerciasis) from.groups I and, II
were IRA positive, Only a 6.2 of healthy inhzbitanis fPom group
1V were IHA positive, Therefore, a titer 1:180 or higher Was an

acceptable standard for judging IHA positivenéss with using

our method.

Variation of titer during storage of blood samples in filter papér.

A variation of titers was studied by storing blood samples in fil-
ter paper, The filter paper absorbed blood samples from'patients.
of onchocerciasis, or serum was collected frbm rebbit, which was
immunized with O. valvulus antigen.

. Phe rabbit serum was used for comparison, The filter papers were

stored at different temperatures in air-tight jara which had silica

—214--
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gel inside, to determine the éffect of humidity on titera;
Sensitized sheep red cells were used in this test,

There was no change in titers of the rabﬁit serum up td 90 days
when the filter papers were storved at ~20°, 49, and 26 °C with

or without silica gel, and, at 30°, and 350C with silica gel.

The titers dropped sharply when the filter papers were Kept
without silica gel at 30°C for 60 days, and at 35 °C for 30 days,
Thus, low temperatures and low humidity helped maintair titers
high (TaBLy IV-2), |

The blood samples in filter paper Trow patients of onchocerciasis
lost titers more rapidly, than the radbit serun,

However, low temperatures and humidity were again favorable for
maintaining high titers. There was no change in titers of the
blood samples up to 60 days when the filter papers were stored at
4 °C with silica gel. The titers dropped when the filter papers
were stored at 4°C.without silica gel for 30 days, or at 26 °C
ané' 30 9C with or without silica gel for 30 days, and et 35 °C

without silica gel for only 7 days (TABLE IV-3),

Cross reaction with other intestinal helminths.

The objective of this study was to see if THA test for O, volwulus
interacted with other intestinal helminths,
Ninety-seven residents from onchocerciagsis—-endenic and other areas

were checked for infestinal helminths by fecal examination.

There was no significant difference in fecal examinations beiween
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the two areas, or between THA~positive and -nepgative habitonts of

endenic area in infection rvate with intestinal helminths (TABLE

CIV-4),

This suggests that intestinal infection with other helminths has

no effect on IHA reaction for 0. volvulus,

Titer of IHA and mf density.

IHA fiters were stadied in relution to microfiisrizl dersity (&

-
.'J
=2
Ty
&)
0
o

P - o . ;
Riegorized inte 4 grouns; 1.3, 4-2C, 21..200, and over

o

101 =f per skin snip, I ea2ch Froup, frequency of IHA Liter was
studied. The results are shown ir FIG. Tv-». Freouency of high
titers increasel with increasing 1970, lore than 603 of the
patients with H¥D over 101 per skin snip had a +titer egusl or
higher than 1: 14,98C, when ¥¥D w2s low (1-2 per skin snip),

some patients showed very low titer {1:60) or negontive resciion

of Idi,

TH4A positive rate in relation to ages.

Habitants with various ages from high, medium, and, low endemic

areas were examined by.IHA tests, in addition to skin-biopsy and

palpation for nodules for comparison,

THA posi{ive rates increased with age in all three areas (FIG. IV-3).
the hig®  ~denic area, the IHA positive rate jumped sharply
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in age group 3-4 reaching 80 and 100% in age groups 5-9, and,
_20~29.respective1y, then leveled off, 1In the medium endemic

arsa the rates increased graduélly with age; reaching approximately
80% in 2029 age group, then leveled off, 1In the low endemic

érea the rates continued, increasing alowly and reached 6Qﬁ in thre
over 50 age group, “

Means of IHA positive rates of .each age group from the three areas
were compared with these of mfeand nodule positive, nf-positive
and nodule positive rates,

The IHA positive rates were slways higher than the mlf-positive
retes in all age groups. The I[H4 and mf positive rates increased
gradually irn the same fashion with increasing nge, reesching 80
and, 60, respectively, in 20-49 age group, then leveled off
The mf and nodule positive, and nedule positive rates were higher
in young ages {less than 9 years), but lower in age groups over

10 years, than the THA positive rates. The mf and nodule positive
rates were always higher than nodule positive reates. Fowever,
these two rates increased slowly in e similar feshion with age

and reached plateaus in 20-49 age grour (FIG, IV-4}.

Stability of IHA test,

This study was undertaken to determine if THA test give stable
titers with same patients throughout the year. Zight patients
from ¥ea, Sibejd, Guatemala were examined monthly by THA test.
formaid. o e-Tixed sheep red cells were used in this test.
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Relatively constant titers were observed Toxr each patient.
throughout the year (rig, TV-5). Some patients wilh initial
high titers maintained high titers, while others with low
titers, continued low, Therefore, IHA test tends to be n atable

method,

.

Idh vesitive rates and nicrofilaria positive rates

THY test wos compared with szin~tiopsy to determine which methed
was most efficient in detectin: oncnocarcizeie znd iT resulte

obiained by these two methods agreed with each other,

Lt

kFore fhan 560 inhabitants from 5 endemic areas were examined by

IHA tests and skin-biopsy. Ore hundred Torty-seven residents

from two onchocerciasis-free sreas were also included as comparison,
Formaldehyde-fixed sheep red cells were used in this tesf, &

titer 2:60 or higher was sot as standerd for T4 positiveness,

=

34 positive rates were closely correlated with we positive rates
confirming relisbility of IFA test for diagnosing onchocercicais,
Hore~over, the IAA positive rates wers alvways higher thar the =f
- positive wates, indicating thet THA test is more sennitive than

skin-biopsy. No disease was detected in the two cortrol zreas

by these methods (T4ABLE IV-5),
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v, DOUBLE DIFFUSION TEST

Gel-double diffusion test (DD test) is a relatively simple method and
is offten used for diagnosing parasitic diseﬂSes. The object of this
study was to determine if DD fest could be used for estimating the

effect of contrel measures for onchocerclasis,

1, Materials and meihods.

Antigen: 0, volvulus adults were renoved from onchoceréomas by
colagenanse and nacerated by glass homogenigers, The howmogenate
was treated with ether to rvemove fats and exiracted in 0,15 N
Veronal Buffer Saline, pH 7.8. After the extract was centrifuged
et 10,000 rpm for 30 minutes, the supernant was dialyzed and
concentrated by lyophilization. Artigen was standarized at

protein content 3,000 - 5,000 pg/al.
Agar: hzar {Difco's Agar Noble} was dissolved in Veronal Buffer
at the rate of 1,0%. TFour nl of srar solution were poured to

cover & slide glass,

Serum for asssy: The blood was collected from ear lobes in

microtubes{ Thermo VC~C110 P, volume 150 ul) and the serum was

prepared'by centrifugation,

D D Test: Ouchterlony melhod was used. a&fter the agar solidified,
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7 wells with 3 mm diameter were punched in agan by agar cutter,
T wwm apari from one on other, Antigen was pipetted in central

well, and sera were placed in six surrounding wells,

Reliability of D D Test,

D test and skin-hiopsy were comparéd to determivne reliability

of N Test.

Tyo hundred and sixivenine habitants from five onchocaréiasis~92~
denic areas in Gumtenals were exsanined by D 2 test and skin-biopsy.
One hundred and fifty-eight residents in 21 Faro and, larrizal,
onchocercosis free-sreas, were alsoe checked as contrdls.

D D test and mf positive rates for fiﬁe endemic areas were dotted:
in FIG. V-1. D D test positive rates were very ciosaly correlated
with =f positive rates {r=0,99}, ipdicating relishility of this
test for diagnosing onchocercissis.

In summary, of the “ive endemic arees, 83 (30.93) and 59 (21,64]
reaidents were D D test-and mf-positive, respectively, suggesting
that D D test is more sensitive than skin-biopsy for mf deteciion,
Fifty patients (18.5%) were negative for both D D teat and mf,

228 peoples(Bd.Q%) in total showed the same reaction to D D test
and skin-biopsy, indic;ting hAigh reliability of D P test. OF 58 mf
positive patienis only & patients were not recogniged by D D test
(TABLE V-1)., Among 153 people from the onchocercosis-fre area, only

3 individuels (1.9%) showed a weak vositive reaction to D D test,

- 230~
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3.

Specific precipitation bands,

Studies weve undertaken to determine what gpecific and common

precipitation bands were formed by interacting antigens ana,anﬁibodies

of three different parasites;  Onchocerca volvulus, dog filaria

(Dirofilaria immitis), and roundworm {Ascaris lumbricoides). Antigens

were prepered fron adulis of these parasites, Antibodiés were
fror rahbit sers immunized with one of the three varasites and
cpom onchocercosis patients, Specific and conmor precipitntion
termined by immuno slecirophoresis and Ouchterlony
natnod ( D D test),

A band specific for Q. ¥olyuius was okserved in inmuno electrophoresic

hetween 0, volvulue antigen and sensitized rabbit serum, as well

as between Q, volvulgé antigen and serum from onchocercal patients,
This specific band is numbered No. 2 (FIG. V-2).

Several bands compon for different antigen-antibody comwbinations
were also observed in immuno-elecirophoresis and Ouchierlony
methods (FIGS. V-2 & V~3), Comzmon bands that could interfere

with diagnosing onchocercosis arise fron interaction between

0. volvulus antigen and roundworm antibedy. To clarify this
point, D D test was conducted on habitants in ¥1 Faro, and
Carrizal, where onchocercosig is unknown, although intestinal
paresitic helminths, such as roundworm, whipworm, and hookworm

are quite common, Only 2% of the residents examined Wwere positive
to D D test, indicating that wesk precipitation band between

0. volvulus apd roundworn antibody interfere slightly with
diagnosing onchocercosis with D D tesf,
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between antigens ond antibody of Onchocerca volvulus

or Dirofilario inmitis

{Takaoka et al.; Personal Communication, 1979)
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Anti- Dl ¥ Anh«Da

O
AgOv /} ()AqD:
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AqAJ‘CZJ\\'f"’/// ag D.i.

O

Ag O.v. -

rrc. Y-3. Precipitotion bands produced by dntigens.ond antibodies
~ of three different parosites from Ouchteriony test

Anti-D.i,5 Ismunized rabbit serum of D, {mmitis
Anti=0.v,; :Immunized rabbit serum of 0. volvulus
Ag A, 1. ; Antigen of A, lumbricoides -

Ag D. i, ; Antigen of D. lmmitis

Ao 0, v, ; Antigen of Q. volvulus

(Takaoka et-al.; Personal Communication, 1979)
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SKIN PEST

[ ; 3
Since many patients can be assayed during a short period of time, skin

test is often used Tor di ir ity i
. 4 diagnosing parasitic Alseases, This method
. , . ,
congigts of ;elatlvely easy procedures, which include preparing anti--
gen £ron parasites and injecting i1 into patient'a skin, In some
spet £ filari difes
pecies of filariae, it is often difficult to collect true parasites

Tor antigen, oand i d
Tor antigen, and therefore filariae from other memmele et be uged

as éntigens %o deterninre skin reaction basel on crogs—-reactions. In
ohchocercosis, however, Q, volyulus adults are located in nodaies
near skin, thus cer be essily obtained ang used for preparing
antigcen,

In the present wroject, three species of antigen were prepared fron

Q. volvulug and dog filaria for comparison.

1, Specificity of purified antigen from dog filaria,

Preparation of antigens: Thirteer fractions of antizen were

vrepared from dog filaria, Dirofilaria immitis adults by colunn

chromatography end isoelectric focusing run {TABLE VI-1).

4

Method of Skin Test: Ten microgramas of dry antigen powder were

dissolved in 4 ml of saline solution (protein concentration;

2.5}1g/m1), then 0.02 ml were injected into patient’'s skin. Long
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PABLE VI-1 Fractionation of FST skin test antigon Crom D. immitis

Lyophi]ized.adu1t woras of D, immitis

homogenized with ¥/10 phosbhate buffer{pH7.2)
cenirifuged at 5,000 rpm for 3 min. in -2°C

Sedimént _ Supernatéﬁt

104 trichloreacetic acid was added and adjusted
to pit 3.5-4.0

centrifuged at 5,000 rpm for 30 min. in 2°C

Sediment Supernatant
lyophitized

[%4)

Antigen F .
¢M cellulose colum chromatography

Antigen £SC 1 FSC 2 FSC'3  F5C 4
DEAE Sephadex AS0 column chromategraphy
Antigen FST

“Tsoelectric focusing run using carrier
ampholytes {pH 3-10}

pntigen FST 1 FST 2 FsT 3 FsI 4  ¥S1 5

Isoelectric facusing run using carrier ampholytes
{pH 5-8)

Mntigen FST 1-1  (meen

Antigen FST 3-1  FST 3-3

{Sato et al.; Personal Communication,
1976)
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and narrow diameters of wheal, t{aken at righi angles to each other,

were measurcéd in millimeters 15 minutes after the injection,

then mean, equal to or over 7 mm was considered pesitive.

Antigenic activity: Seventy-nine mf-positive patients from

Fincas Valle de Oro end, Armonfas were assayed with 13 fractions

ot dog filaria antigen. Fractions Fs, FSC-4, FST, and ¥5T-3 showed
high antigenic activities, resulting in 100, 95.2, 100 and, 8B.9%

{or 84.2%) positive rates, respectively (TABLE VI-2),

Protein concentrations: The effect of protein cencentvations of

antigen.dn skin reaction was studied by injecting 21 wf-positive
pafients with 2,5 and 5,0 pg/ml of protein frections of PST and
FSTuB. The fraction FST was purified by CN cellulose and DEAE
Sephadex column chromatography, later the fraction P3T-3 was
further purified by isoelectric focusing run. There was no
signifibant difference in antigenic activity between two protein
concentrations of the further purified fraciion 737-3,

Wher the less purified fraction 737 was used, antigenic ecctivity

incressed with higher protsin concentration, (ZiBLE YI-3).

Hon-specific reaction: Tifty non-onchocercosis SHEN employess,

Guatemala City, were skin-injected with the fractions FST (protein
5 ng/ml) and FST--3 (protein 2,5 pg/ml) to determine non-specific
reaction, Only six and two individuals reacted positively to

F3T and ¥8T-3, respectively, indicating a higher specificity of

=237



TARLE VI-2
Results of skin test with 13 antigons purified firom Dirofilarie
inifkis for mf-positive inhabitents by skin biopsy in endemic
sreas of onchocerciasis, Guatemsls,

Antigens No, of exsm. . No. of vositive nercent of posifive
®S 21 2 100,0
FSC-1 21 13 ' 61.9
F30-3 21 1C 47.6
F3C-4 21 20 95, 2
37 21 21 10C. 0
23T 18 11 661
F3T-2 18 12 86,7
PST-3 16 15 £8.9
A5T-4 18 14 77.8
#5T-5 18 0 Gl C
?5T-1 19 13 66.4
FST-1-1 19 14 T3.7
FST-3 16 16 84.2
PIT-2-1 18 15, 72.0
FS5T-3-3 19 15 19.¢

{Sato et al.; Personal Communication, 1976)
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the purified fraction FST~3 (TABLE VI-&).

Réliabilitv of antigen FST-3: Skin reaction with antigen FST-3

was compared with skin biopsy for mf to determine reliability of
ékin test with this particular antigen for diagnosing onchocerco-
sis, Nine~hundred and twenty-three residenfs in San Vicente
Pacays were examined by the twé nethods, OF 237 people who were
nf positive by skinnbiopsé; a high proportion, T0 patienis
{29.53%) were diagnosed as negative by skin test (TaBLE VI~5),
indicating that antigen FS7-% is less not so high gpecific for

0., volvulus and therelore unreliable for skin test,

Positive rates with skin test using antigen PST-3: Residents in

onchocercosia—endemic areas near San Vicente Pacaya were examined
by skin biopsy for mf and skin reaction using antigen P3T=3 and

resulted as shown in TABLE VI-5.

Antigen from onchocerca microfilaria,

Since numerous mf area produced from O, volvulus adults and migrate
throush patient's gkin, nf protein is considersd the most important
antigenic subsiance in forming antibodies. The protein #as

prepared from mf coﬁstituenfs of nodules and assayed for antigenic

activity in skin reaction,

- 240 -



TABLE VI-4

Results of skin tests using entigens P37 and FST-3 for 50 herlthy
Gurtemsl=n versons (SNiM employees) as the control,

—_

Antigens Ho. exemined Bo. wvozitive ()
8% {5.0pe/nl) 50 5 {12.0)
#5T-3{ 2. 5p8/21) 50 5 { 4.0)

{sato et al.; Personal Communication, 1976)
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Mateninls and wmethods: Onchocercomae were removed from vétients,

sliced into several picees, and soaked in saline solution nt 4 °¢

.

for 24 - 72 hrs, After rnteriﬁg the saline solution through
gauze, it was centrifuged,

The precipitate was washed several times in saliune aglution
centrifuged thgn macerated by tisaue grinder, lnter extrected in
saline solution for 72 hrs. 'Mhe extractant was repeatedly frozen
and thawed, then centrifuged for %0 ain at 8,000 r,p.n, The
supernatant wes adjusted at protein content 10 or 20 psf=l by
Lowry‘é nethod and was used as antigen for siiy vesction, Ihin

test was administered subcutaneously injecting 0,02 21 of the
1
antiger in the inner forearn. TIifteen or twenty minutes =fter

injection, the skin surrounding reactior site was traced onto

paper with ball-point pen and measured with planimeter,

Protein content for antigen: Two differant protein concentrations,

10 and 20 pg/ml were conmpared in skir reaction using 23 mi-positive
patierts., There was no significant 3ifference beiweern the iwo

concentrations {FIG, Vi-1).

Skin reaction with time: Changes with time in wheal sizes were

studied by injecting 11 adult patients, 10 apparently healthy
women, and 24 apparenfly healthy children from endemic area, and
24 healthy children from onchocercosis-free area, Guatemala City.
The largest wheal reached meximum size 1% andéd 20 minutes zfter

injection in childrer and sdults, respectively, then gradualily

o g
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diminished. (FIG, VI-2),

Skin reaction in relation %o intestinal parasitic helminths:

One~hundred and foriy-seven habitants from endemic area and 75

' from non-ondemic area were chacked for intestinal helminthe such

as roundwornm, whlpworm hookworm, and tapeworm by fecal examln;tlons,
in addition to skin test, There was no correlation between intestinal
parasiiic helminths and skin test using mf antigen, indicating that

artlgen does not react with antibodies originated from other

parasitic helminths,

Distribution of wheal sigzes: Frequency of different wheal sizes

.was studied by skin-testing 484 residenis of endenic area and 106
of nor-endemic ares, Of 434 examined from the endemic area, 136
(28,15%) were mf or nodule positive.

The habitarnts of non-endemic area hed whesls Trequently extending
20 mmz. Those from endenic orea had much larger wheals, whether
they were nl or nodule positive or not. A wheal size over 56 mm2
vas considered positive, vhen mf antigen 20 ps/ml was used for
skin test (FIG. VI~3),

Men had wheals significantly larger than women.

skin test, skin biopsy, and palpation were conducted in five sreas
which had different degrees of onchocercosis infestation. Wheal

sizes increased as mf or nodule positive rates increased (FIG, VI-4),
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FIG. VI-2. Changes with time in the mean wheal size of skin

test using microfilaria antigen.

A: Reactions of adults from endemic -areas (solid line) and
those from non-endemic areas (dotted line)
B: Reactions of schoolchildren from endemic areas(solid line)

and those from nonendemic areas(dotted line)

{Hashiguchi et al.; Trans. Roy. Soc. Trop. Med. Hyg., 73(5}, 1979)
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Manuel M. Recinos C., and Otto Flores C.; Transaction
of the Royal Society of Tropical Medicine and Hygiene,
73{(5), 1979
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%, Antigen from O, volvulus adults,

As stated before specificity of skin test antigen from dog.filaria

(D. immitis) was low for onchocercal patients,

Antigen from onchocerca nf was specific for O, volwalus, but it

was difficult to obtain sufficient emount of protein originating
from mf due to contamination, Proteins frow nodule tissue
contaminated mf suspension in prefaration procedures and thus
changed the proportion o’ protein originating from mf in th
total protein content of antigen,

To eliminate these drawbacks, antigen from Q. volwulus aduits

was studied for skin test,

Material and methods: Onchocercomae were removed from patient's
subcutaneous tissues and digested ig 0,015 collagenase (collagenase
type I, Sigma Chem. Co., U,S.A.), pH 7,2 overnight. 0, volvulus
adults were separated from nodule tissues using stereg-microscope,
washed several times in saline solution, weiched afier lyophilization,
nmacerated in 100~f01; volume of ethylether by tissue homogenizer,
and centrifuged for 20 minutes at 3,000 r.p.m. The precipitate

vas suspended in 100-fold volume of Vdronal-Buffered saline,

pH 7,8g- The suspension was agitated at 4°C for 24 hrs by magnetic
stirrer to extract soluble proteins, and centrifuged at 10,000
r.p.o for 30 minutes, The supernstant was dialyzed against

physiological saline solution and bacteris removed through

disposable millipore filter, pore size 0.4 jam (Acrodisc, Gelman,

- 249



U.S.A.). The protein content of the sterilwed solution was
deteruined by Lowry-Folin's method an adjusted at 20 pg/ml with
sterile seline solution., This protein solution was used as skin
test staﬁdard antigen from Q. volvulgg-ﬁdults.

Skin test was conducted by injecting antigen inter&ermélly to
inner side of Torearm, Pifteen minutes after injection, wheal

diameter @ mm and greater was determined as positive.

Protein contenti for skiﬂ teat: Antigen pf aifferent dilutions
was assayed to determine optimum pgotein content fdr skin te;t.
One-tundred and seveniy-seven habitants in Tincas Sibajé and
Duena Vista were injected intérdermally to inner side of forearnm
with 1.0, 2.5, 5.0, or 10.0 pg/ml of proteins,

Standard antigen (20 ug/ml) was applied to the other forearms

as checks, |

Diluted antigens resulted in significanily smaller wheals than
standard antigen, Antigens 1,0 and 2.5 ng/ml gave wheéis emaller
then 9 mn, antigens 5,0 and 10,0 pg/ml'produced wheals larger
than O mm, whereas standard ahfigen resulted in whéais of
spproxinately 12 mm in mean diameter (TABLE VI-6),

One~hundred thirty-siz patients were mf-positive by skin biopsy,
Of these mf positive patients, 133 (97.8%) were positive to

skin reaction using standard antigen, When antigen was diluted,
the percentage of posgitive patients gradually decreased, g0, 0%
of the'patients were posifive %o antigen 10 pgfml, vhersas only

38 3% were positive to antigen 1 yg/ml, 4 coincidence rate was

-~ 260 —-



TABLE VI-6,

Wheal sizes of skin test using standard {protein 20 pg/ul) ana

diluted antigens_from Onchocerca volvulus adults,

{ Pincas Sibajd and Buena Vista, Guatemala, 1980 )

TR RS CNEE CSSLCESSSESES ot e e e B S

*
Protein content Number of bﬂwﬁﬁyhiﬁimii?mffffngmm) £ S.D.
gitiéiEtEd EZ;;SZ;S Piluted antigen Standard antigen
(pg/m1)
1.0 87 8,3 2.4 12,3 % 2,9
2.5 32 8.8% 1.7 11,95 2.1
5.0 30 9,7% 2.5 12,2+ 3,3
10,0 28 9.9% 2,1 12,6 2.9
Total ' 177

5.0, Stenderd devintion,

{(Yoichi 170, Hakoto BAYANOPO; Guarterly Report, Ho. 15, 1980},
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caleulated by taking a percentage of patienﬁs who had same

(positive or negative) reactions to standsrd snd diluted sntigens,
over the total number which was assayed with a particular dilution,

The coincidence rate decreased gradualiy, as antigen was diluted

(TABLE VI-7).

Therefore, the protein content 20 ng/ml was considered appropriste

for conducting skin test with antigen from Q. volvulus adults,

Palse negatlve rate: The reliability of skin test was studied by

injecting antigen (protein 20 pg/ml) from Q. yolwulus adults to
of-positive patients from San Vicente Pacaya, Two artigens
purified frow dog filaris (2. immitis), P37.-3 and F3C-1 were also
included for comparison.

Antigen frow 0. yolwvulus aduits resulted iﬁ & much higher positive
rate (98.8%), or a lower false-negative rate, than antigens from
dog fileris {mARLE VI-B), This high rate 1s in accordance with
the results obtained in Pincas Sibaj4 and Buena Vista (97.8%),
which Hefe reported in the previous section on protein content

For skin test.

Talse positive rate: A false positive rate was determined by

gkin-testing 291 residents in onchocerciasis-free Finca la Hodd
with antigen from 0, volvulua adults (protein 2¢ pg/ml).

The residents were also examined for onchocerca by skin biopay,
D D test, and palpation,

In Finca La Mocd, black fly (Simulium ochraceum), vector of
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CABLE V1T,

Reactions of microfilaria-positive patients to skin test
using standard (protein 20 pg/hl) and diluted antigens fron

Onchocerca volvulus adults,

{Fincas Sibajd and Buenu Vista, Guatemala, 1980,)

ek betebe g

Protein Number of Reaction Number of Coinci-
content patients patients dence

of diluted assayed Diluted  Standard antigen ~ with same rate
antigen antigen reactions

(PE/MI) Positive{+) Negative (=) posi.+ Neg.

1.0 GO Positive(+) 235%(3%8.%) 0 2%+2=25 25 /60=41,T4

Negative(-) 35 (58.3%) 2(3.4%)

2,5 29 Positive(+) 15 (51.7%) © 1541=16  16/29=55, 14
Negative(~) 13 {44.8%) 1(3.5%)

5.0 25 Positive§+; 19 2?6.0%) 0 19+0=19  19/25=76,0%
Negative{- 24,0%) 0
10,0 22 vpositive(+) 20 (90.94) o 20+0=20  20/22=90.9%
Negative(~) 2 ( 9,1%)
Total 136 133 (97.8%8)  3(2.2%)

¥
%) fumber of patients, Positive veaction = wheal over @ ms in diameter.

(Tto & 3akemote; dmarterly Report ¥o. 15, 1990),
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TABLE VI-8,

Renctions of microfilaria-positive onchocereciasis patients to skin
test using three specles of antigen prepared from onchocerca

(Onchocerca.xg}vuius) and dog filaria (Dirofilaria igmitis) adulta,

( San Vicente Pacaya, Guatemala),

Antigen Protein content Number of  Number of  Pogitive
(ng/ml) ~patients positive rate
Rg/m. examined patients (%)

0. volvulus 20,0 246 243 2) 98.5

D, immitis 2.5 477 542 ©) 71.7

¥raction FST-3

D. immitis 2.5 55 44 ®) £80.,0
Fraction F3L-1

a) Positive reaction = wheal diameter 9 mm or over 1% min after injection

L) Positive reaction = wheal diameter T mm or over 15 min affer injection

7T

(Ito, Sakamoto & Yoshimura; Tuarterly Report, Ho, 13, 1979),



onchocerciasis, 1s often found, although few onchocercissis’
patients are seen,

None of the 291 habitants examined were positive by biopsy,
DD test, and palpation. However, approximetely 40% of them
produce& positivé skin tests, a false-positive rate with skin
test was 40% (TABLE VI-Q),

This false positive rate is much higher than that Tto, et al
(196§) reported. suyveying in Japen with antigen from Jepanese
blood flukes (Schistosoma japonicum), lung flukes (Paragonimus

westermsni) and dog filaria (Dirofilaria immitis)., The hizh rate

can be expleined by 1} cross reaction with intestiznal helminthe
and 2) contamination of antigen with proleins originating Tron

or similar to S. ochraceum, The residents examined are

frequently bitten by black flies and probebly have acquired
reaginic antibodies to 5, gchraceum, The contaninant mentioned
above may react with the reafinic antibody, giving an apparently
positive skin reactign. Turther studies are needed %o account
for 2 high false—positive.rate of skin tesgt using antigen from

0. volvulus adults,

Stabilitx: tability of skin tesf with antigen from Q. volvulus
adults was studied by injecting monthly for 3 wmonths, 70 mf-
positive patients from Finca Buens Vista, Antigen from dog
filaris (D. immitis) fraction F57-3 was interdermally'applied to
other forsarms of the same patients for compafison.

Antigen from O, volvulus resulted in much more consistent skin
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TARLE VI-Q,

Results of examinations to 291 ragidents in onchocerciasis-free
Minea La Mocd with skin biopsy, D D test, palpation, and skin
test using antigen fron Onchogerca volvulug adults,

Humber of Porcentage of positive
Assay positive patients patients
Skin biopsy -0
D D Test ' 0
Palpation 0
Skin test 116 a) 39.9

a) Positive reaction = wheal over J wm in Aiameter 15 minutes
after injection,

(1to, Sakamoto & Kondo; Cuarterly Report, Fo. 16, 1980),



reaction than from D, immitis adults, 994 of the patients
assayed wore -positive in 3 consecutive tost using onchocerca
antigen, whereas only a 4455 of them were positive in 3 consecutive

tests with dog filarla antigen (TABLE VI-10),

Practionation of antisen from 0, volvulus adults:

To lower 2 false-positive rate, antigen from 0. volvulus adults

was fractionated by DEAHnﬁepharose CL-6 B ionmexchange chronatography

and was assayed in skin test wsing the following procedures;

1) Onchocercomae were removed from patient's subcutnneous Lissues
and treated with collagenase. 0. volvulus adults were washed

several times with saline solution, lyophilized, and weisghed.

2) The adults were suspended in a 100-fold volume of ethylether,
macerated by tissue homogenizer, and centrifuged at 3,000

T,p.n. from 15 minutes,

3) The precipitate was extracted in a 100-fold volume of Yeronal

buffer saline solution, pH 7.8, overnight,

4) The exiracted was centrifuged a2t 10,000 r.p,n. for %0 minutes,
The supernatent wes dialyzed ageinst 0,015 IY phosphate buffer

solution,

5} A nrotein content of the dialyzate was determined by lLowry



TABLE VI-10,

Reactions of 70 microfilaria positive onchocerciasis patisnts to

3 aonsecutive skin tests with monthly intervals, using antigen

from Onchee erca volvulus and Diyofilarias immibiy adults,

(Finca Buena Vista, Guatemala, 1980)

Anbiron Protein Number of  Number of patients with
ntige content  patients poagitive reaction in
(ug/ml)  assayed ) 1 2 3 tests
0. volvulus 20.0 70 0 3 67
- (4.735)  (95.7%)
b, immitis 2.5 T0 8 16 15 31
Fraction FST-3 {11.4%) (22.9%4) (21.4%) (44.%8)

(Ito, Sakamoto & Yoshimura; Quarterly Report, tlo, 14, 1980},
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Follin's method. A column, 1.5 x 28 cu, was packed with
ion-exchange resin, DEAR-Sepharase CL-63, which waa previousaly
equilibreted in 0,015 ¥ phosphate buffer, and charged with the
dialyzate containing 10 mg of protein, The column was eluted
stepwise with increasing concentrations of sodium chloride

solution,

Bach fraction was dislyzed agéinst saline solution, adjusted nt
protein content 20 ng/ml with saline salution, and ateritized
with Acrodisc filter, pore size 0,45 pm, nrior to skir test.
Five fractious were obiained by ion-exchange chromsiopranhy
(710, vI-5).

ﬁabitants of Finea Pacayalito wers inoculated interdermslly in
left forearms with 2.5, 10,0 or 20.0 pg/ml of protein of the
fractions.

Standard antigen without fractienastion (20 pg/ul) was inlectes
into right forearms as controls.

Only the fraction 72 2t 2.5 =2nd 10 Mg /lel geve = mipnificently
smaller wheal than standerd antigen., There was no significanut
difference in wheal diameter between standerd artiger ar? the
fraction 7-2 at 20 pg/m) or all other fractions =t any three
protein contents assayed (TABLE VI-I1},

Standard antigen decreased activity when it was diluted to

5 pg/ml or more (See the section on protein content for skin
test). The fractions F-1, F-3, Fe4 and ™5 meinteined activity
when diluted up to 2.5 pgfw), indicating that these mpurifies

s

ciivity than standard antigen, TFclsge-

fractions have greatler

[0
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PTABLE VI-11,

Renctions of onchocerciosis patients with skin test using with stardard
antigen (20 pﬂ/%lj nnd froctions of antigen Mrom Onchocczca volvulus

adultea,
{Finea Pueoyrlito, Guatewala, 1970},
Protein Number of :
Traction 9ontant patients Wheel diameter (mm) + 5, b,
{pe/nl) assayed Proction Standard entigen
2,5 10 10,2 % 1,8 11,5 £ 2,0
el 10.0 5 13,2 £ 2.3 15,6 £ 1,7
20,0 15 13.6 £ 3,2 13.3 2,8
2.5 13 10,1 £ 3.0% 12,9 % 2.7
) 10,0 5 9.8 % 1,9% 12,9 4 2.7
20.0 15 10.8 1 2,4 12,2 £ 2,9
. 2.5 5 10,4 £ 2,2 12.6 £ 1.0
3 10.0 5 11.4 £ 1,5 12,0 2.1
20,0 15 11,0 ¥ 3,1 12,2 * 3.0
2,5 5 11.4 £ 1.9 1.6%1.9
ES 10.0 5 11.0 £ 1.7 12,0% 1.3
20.0 1% uarias 12,2t 1.9
2.5 5 14.4 ¥ 5,4 15,8 3.9
Fe5 10.0 5  n.stizn 11.0 £ 2.6
20,0 15 11.3 £ 2,0 12,71 3.4

#} gignificantly different from standard anligen by ¥ test.

(Ito & Sakamoto; Nonpublished data, 1980)



positive and false-negative rates mist be gtudied with thess

fractions,

— 262 -



VII, Inoculstion of microfilarine inte mouse and chemical treatment

The greatest barrier in carrying-out inveatigationé on 0, volvulug
is the lack of adequafe experimental animals for infection, fincs
there 1is no specific medication for onchocerciasis, it is urgently
needed to find an experimental animnl in order to develop cﬁemical
treatmont, |

Duke (1962) used chinpanzees as experimental animals to atudy

0. volvulus, A chimpanzee, however, is expensive and difficult to
rear in a large numbers, In the present project, a rouse was studied
as an experimental animal by inoculatinz it with mf and tracking

their migration from the point of inoculation and their survival,

1. Haterials and methods,

Onchocercomae were removed from patient’s subcutaneous tissues,
gsliced, and soeked in saline solution for 30 min., A wf suspension
was prepared by centrifuging at 1;500 r.p.u. for 5 min and
washing the precipitatg séverﬁl times with saline solution, If
density was determined by counting active wf in the suspension
under microscope, Hice were incoulated subcutaneously with
7,500 - 63,000 uf in the inguinal region, in the scalp, or
intraperitoneally,

Inoculated mice wers dissected at different intervals, examing
various organs Tor mf using the same prodedure as nreparation of
af #suspe o oon for inoculatlion, ME in the blood were counted hy
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™3

Knott's concentration technigque {knott, 1939),

Wieration of microfilaria inteo different oxgaus of nige,

Pourteen mice were subcutansously inoculated in the inguinal
region with 30,000 mf snd two wers dissected ench at differont

rea

intervals up to 60 hrs, after inoculation, [ were counted in
different organs.
UE migrated fron the inguinal region to lungs, Midneys, and taid

within 1 hr =nd {o ears and spleen within 3 hrs after inoculation,

An increasing nunber of ni were found in tail with time; more

than 954 of the m® recoverel were locaiized in isil in 24 hrs ofier

inoculation {TARLE VII-17,

4 similar experiment was conducted for o longer period of time,
up to 12 weeks. & vercentage-recovery peared 2t one-week, Ehen
tapered off, H~lmost no nf were recoverel afiter 4 weeks,

iore mf wera recovered from tail than any other organ, confirming
the previous results. TFew mi were recovered Trom ears,.eyes,'and

the pelt, but no mf were found in the blood {TABLE vII-2)},

Survival of microfilariae in mice.

In the previous experiment on migration of mf in differeat organs
of mice, mf were recovered from tall and other organs up to 8
weeks after inoculation, indicating that m{ can survive in nrice
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TABLE VII-1,

Visceral migration of 0, volwvulug microfilariae from the inguinal

region to tail and other organs of mice with ﬁime after inoculation,
Two mice per treatment wore gubcutaneously inoculated with 30,000

microfilariae in inguinal region,

Tiwme éfter : Number of microfilariase recovered pér mouse
ingculation {pex _cent_of recove
(hrs) Ears Lungs Spleen Xidneys Trail Total
1 0 5 0 2 11 18
(ot)  ( op) ( o) ( o) (.of) ( o)
3 2 2 1 0 33 35
(o8} ( of) ( 07) ( o) (0.%) (0.4
6 2 4 1 5 60 12
(o) (o) (o) ( %) (0.28) ( 0.2%)
12 8 18 2 6 219 25%
(o) Cood) (0B Coa#) (o (o.am)
24 28. 11 1 4 1163 1207
( 0,15} ( oF) ( o) ( o) ( 5.9%) ( 4.0%)
36 49 7 2 1 1386 1445
( 0.28) { o%) ( of) ( o) (4.65) ( 4.8%)
60 82 27 9 7 2400 2525
(0.3) (o:5) (of) { 0F) ( 8.0%6) ( 8.4%)

(Tada, Aoki, Hashiguchi, Treda & Kawabate; Quarterly Report Ko, 4, 1977).
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for this period of time,

Sites for microfilaria inoculation,

Mice were inoculated subcutaneously with mf in three sites;
groin, péritoneel cavity, or scalp, and were dissected 1 or 2
weeks after inoculation to count mf in different organs,

When of were incoulated in the inguinal reéion'and veritoneal
cavity, nore nf were found in teil, than in ears, ¥When nt
were inoculated in the scalp region, nmore nf were found in
sars, thei in tail, Very few 1T were found in other organs

(D4BLE VII-3).

Chemical treatment of mice.

Previous experiments showed that inoculated mf migrated principally
to tail and ears, and survived in mice up to 3 weeks, i'ice were
inoculated with nf, then treated with diethylearbamazine (D3C)

to see if microfilaricidal activity could be determined using

mice,

Mice were subcutansously inoculated with mf in the inguinal region
then administered DEC orslly. After 2 days of DEC adwinistration,
they were disaected to count number of mf in ears and tail. The
same number of mice were inoculated with nf and digsected without
drug tres .nt as controls,
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There was a significant reduction in number of mf when mice were
administed with 300 or 500 mg/kg of DEC,

BEC showed litfle mlcrofilaricidal, activity at 5 and SO_mg/kg.

In a second axperimeﬁt, mice were subcutaneously inoculated wiﬁh.
uf in the inguinal region, 7 days after inoculation they were
administered DEC at different doses in 2 different manners

1) single administration, and 2) five consecutive administrations
at one~T'ifth dose for 5 days,

There was no observable difference in numher of nf between single
end five conszecutive administrations. There was a significant
reduction in number of mf when mice were administered_with %00 and
500 ng/kpg. of DEC,

.These two prelininary experiments suggest that chemibals can be

sereened for microfilaritidal activity using nice,

{Yohichi Tto)
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