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1. INTRODUCTION

Starting May 1977, the northern areas of Togo and Benin are part
of the Onchocerciasis Control Programme of the World Health Organiza-
tion (OCP) and all potential breeding sites of the Simulium damnosum
s.l. vector flies there are treated at weekly intervals by insecticides

(WALSH et al. 1979). However, large numbers of biting flies were re-
corded every year during the rainy season (May - October) inside the
controlled areas, particularly along the rivers MG and Kara in Togo

and along the Sota, Alibori and Mekrou in northern Benin. Most of these
"reinvasion" flies were presumably coming windborn from yet untreated
breeding sites south outside the OCP boundary (GARMS et al. 1979, 1980,
1981, 1982, RENZ 1983, CHEKE & GARMS 1983).

Experimental treatments of the suspected source areas of these re-
invading flies in Togo were carried out during the rainy season in 1980
and 1981 (CHEKE & GARMS 1983), but no breeding sites outside the pro-
gramme area were treated in 1982 and 1983, with the exception of some
localized experimental applications of new insecticides by the insecti-
cide screening team from Lomé 1n the rivers Mono and Anie, which, how-
ever, are not likely to have influenced the over-all size of fly-popu-
lations and of reinvasion in 1983. It is therefore possible to compare
the variation in the amount of reinvasion for five years without control
outside the programme area and to examine, whether the trend of decrea-
sing biting rates, which was observed over the past years at most of the
fly-catching sites outside the controlled area (RENZ 1983), would be
manifest during this year, too.

Four vectors out of the S. damnosum s.l. complex are involved in the
transmission of onchocerciasis in Togo and Benin, namely S. squamosum
from numerous breeding sites in the mountainous regions of south-western
Togo, which constitute the major part of the reinvading flies in the Mo
valley and partially along the river Kara, S. damnosum s.s., whose bree-
ding sites are more southerly distributed than those of S. sirbanum and
which both are involved in the reinvasion of the eastern areas of Togo
and in Benin, and finaly, there are fiies of the S. soubrense/S. sancti-
pauli group, which is considered to be an interbreeding population, mor-
phologically and genetically different from S. soubrense and S. sancti-
pauli sensu Vajimé and Dunbar (MEREDITH et al. 1983).



These vectors can be distinguished on the basis of specific
inversions on their larval salivary gland chromosomes (VAJIME &
DUNBAR 1975), but adult flies can only be classed, as belonging
to one of the categories S. damnosum s.s./S. sirbanum, S. squamosum

and S. soubrense/S. sanctipauli by using morphological methods
(GARMS et al. 1982). '

The occurrence of these different vectors in space and time,

and their respective contribution to reinvasion and transmission of

onchocerciasis 1n different bioclimatic zones of Togo and Benin were

to be investigated in the light of the following questions :

- WWich species are coming to bite on man and what is the amount of
transmission by each vector 7

- Where are the potential source areas of reinvading flies 7

- What are the differences in the vectorial efficiency of the different
vectors in different bioclimatic zones 7

Particular attention should be paid to the northern limits of the
areas of distribution during dry- and rainy season and to the vectorial
efficiency of the S. soubrense/S. sanctipauli flies. These vectors are
assumed to transmit the 'rain-forest form' of onchocerciasis, which is
found associated with a low degree of pathogenity to the eye, even at
places where the transmission is very high (ATP over 10,000, OMS 1982).
In the Ivory Coast, S. soubrense/S. sanctipauli larvae became resistant
to the commonly used insecticides (temephos and chlorphoxim, GUILLET et
al. 1980) and it is therefore crucial to know, whether these flies - or
one of their subspecies- could repopulate, if resistant, the former

breeding sites of S. damnosum s.s./S. sirbanum in treated areas of the
savanna.

The dispersal of flies away from the river and, 1in particular, the
flight range of old, parous and infective flies delimits the extension
of the areas, where the human population 1s exposed to disease trans-
mission. This 1is particularly true for the reinvasion flies which come
to bite on man only near to fast-flowing rivers, but not when migra-
ting over-land (RENZ, 1983). Studies on the dispersal of fly-popula-
tions were therefore designed to provide information on the differential
flight-range of nulliparous and parous flies and to compare the beha-
viour of different species in various bioclimatic zones of Togo.



These experiments were carried out at M6 4 MO, where there were
almost exclusively reinvading S. squamosum flies, at Djodji with
mainly S. soubrense/S. sanctipauli flies together with a few S. squa-
mosum flies, and at Alamassou, where all three vectors were present.

In order to compare the epidemiological significance of different
vectors, the term "vectorial capacity" is often, but inacurately
used. It has been defined by GARRET-JONES (1964) for an anopheline
vector population of malaria as "being an expression of the number
of infections the population of a given vector would distribute per
case per day at a given place and time". An adaptation of this con-
cept to the epidemiology of onchocerciasis and estimate values for
the parameters of the vectorial capacity of different vectors of oncho-
cerciasis will be presented in a seperate paper.

In the following, the term 'vectorial efficiency' will be used,
according to the definition, given by WHO (1963): 'Ability of a
(mosquito) species, in comparison with another species in a similar
climatic environment, to transmit (malaria) in nature’.

At Tetetou, the majority of nulliparous flies, caught during the-
rainy season in 1983, were parasitized by mermithids. This was in
contrast to the last year, when only few flies were infected. The
influence of these parasites on the morphology of the flies and the

different infection rates of different vectors were therefore inves-
tigated.



2. MATERIAL AND METHODS

2.1, Study area and fly-catching sites (cf. Fig. 1)

The course of the reinvasion was monitored at the same daily
fly-catching sites as during the previous studies: At M6 & MO
(r. M0), Landa Pozanda (r. Kara) in Togo and at Gbassé (r. Bouli)
in Benin. Daily fly-catches started at these sites in May and con-
tinued until the end of September. Additional information came
from the routine OCP-fly-catching sites which were visited at
weekly intervals.

All breeding sites inside the OCP area were treated at weekly
intervals by aircraft, starting in mid-May in Togo (Landa Pozanda)
and by the 29th of June in Northern Benin (Gbasse). AbateR insecti-
cide was used for these treatments.

Outside the OCP area, the dynamics of the fly-populations were

examined, in Togo, at Landa Mono (r. Mono) and Fazao (r. Anie) by
three days of catches per week and at Djodji (r. Gban Hou) and
Tetetou (r. Mono) by two days per week. In Benin, flies were caught
at three days per week at Beterou (r. Ouemé) and at two days at

Kaboua (r. Okpara).

The flies were caught according to OCP routine and were brought
alive to the laboratory for subsequent identification and dissection.
From each fly-catching site, the catch of one day per week was dis-
sected by the sector staff in Atakpame, Kara and Parakou, up to a
maximum number of 60 flies per catch, for the routine of the OCP.
Another day's catch was send to the laboratory in Kara for species-
identification and subsequent dissection.
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2.2. Identification and dissection of the flies

All flies caught during one day per week at Landa Pozanda,
M6 4 MO, Landa Mono, Fazao, Djodji and Tetetou in Togo and from
Gbasse, Beterou and Kaboua in Benin were separated into nulli-
parous and parous flies, up to a maximum number of 110 flies per
day and site. Nulliparous and parous flies were preserved in
70 % alcohol until further examination and dissection. The species-
1dentification of alcohol-preserved flies was dcne using the same
morphological criteria as in 1982 (RENZ 1983, and Table 1). The
results of the examinations were recorded on modified OCP data
sheets ('fiches 2A', Fig. 2). After the identification, the flies
were placed into the wells of a microtitre plate and were stained
as follows (NELSON 1958, GARMS et al. 1982):

- 30 min destilled water

- 1-3 days Mayer's Hamalaun

- 1-3 days tap water (1 O/oo fungicide Nipagine was added)
- 1-3 hours 25 % acetic acid

Then the f11es were d1ssected on a slide in one drop of a m1xture"

of 50 % glycerol and 50 % acetic acid (25%). Infections
of the flies were recorded on the modified data sheet. A1l dissected
parous flies were reexamined for filarial infections under a WILD
compound microscope at the end of the day.

2.3. Selection of the sites for the studies on the dispersal

The studies on the dispersal of the fly-populations away from
the river were carried out at Djodji (6./7. and 15./16. 8. 83),
Mo a MO (13./14. 8. 83) and at Alamassou (16./17. 9. 83). Five to
seven fly-catching sites were selected, in the vicinity of each
village, according to the following criteria: one site at the usual
OCP-fly-catching point, which had been situated at the place with
the presumed highest biting rate. A second site was chosen at a
distance of about 100 m from the river, and another at a distance
of about 300 m, along the road or the path leading from the village
to the river. One catching site was located inside the village under
a tree. Yet other sites were placed at rainy season tributaries or
at a waterhole near to the village. Figures 8'tb 10, which give the



Tab. 1 g - Fig. 2

———— .

SePIVC CAPTURES ET DISSECTIONS S. DAMNOSUM cone L2 LA pace "
(1-2) {34)
SE T EU R 1 e trts e rssr e rerrssssessserasesssasssrasann SISECTEUR 1 e COURS DVEAU ¢
PD'NT E AP TURE & oo eeeeeeeeeeceererasrsssaresesarereensssnsasesressmnmean. l I | I . l AN : 19 - MUIS : I __I JOUR :
(5-10) (11-12) T (1318) (15-16)
NBR HEURES D:I PARTIE l ' I NBR S.D. | [ [ ‘
DE CAPTURE : DU JOUR : CAPTUREES : DISSEQUEUR & oo
(17-18) {19-20) (21.24) -
"5;" H | NOMBRE DE LARVES AUTRES PARASITES | 2  OBSERVATIONS >< { S| ;
NO. ic_IU-'D w | | 3eme STADE % ) Y L < 9- gl W %lﬂ SPECIES
SEQ. %DE RePECE g " aome TH. & ?5@!!‘5 FﬁEI:qHEEES FoNSH| & ; . iy % U.z.l - E 7 E EE
25.26| 27-28 _l 3031(32| 3334 | 3536 | 3738 | 3940 | 4142 | 4344 | a5 | & z o 3~ | £ | & S| & S T
| = wul Q. "

01 1
| | |
02 1
3 -t ! -
DB 1 -
-1 1 j
l | I
913} 1 |
Of: 1 I
07 1
09 1 |
: ]
| 0 1 l
10 | 1
’ 1
11 1
i
12 1 - | |
i3 1
3 t I
14 1
. : P | | I !
15 1 l
16, 1
O T | | |
14 1 [ l I
14 1
2(3 1 I l

3éme ST, TETE 3éme STADE ST. DANS LA TETE

TOTAUX

WHO 5385.1 OCP (8/79)

IDENTIFICATION OF ADULT FEMALES OF THE S. domnosum XKOMPTLEX

Se damnoggg[sirbanum S. soubrense/sanctipauli

ANTENNAZE

- Form

-~ Description : segments 4 and 5 always com- segment 4 (and 5) distinctly very seldom any compression
| pressed, often other segments compressed
also

- Colour : first 4 segn. normaly pale first 2,(3) segments pale all segments dark

-&%ﬁgﬁgﬁﬁ: Ratio 2,10 = 2,40 (median 2e0=24%) 2404 « 2,20 (median 2.15) .1.80 - 2.04 (median.I.QG)

WING TUFTS almost all pale most pale, some mixed | some pale, many mixed and dark

- colour class 01 02 03 04 v oL 02 03 04 05 oI 02 03 04 05
- 4 observed 97,7 2.1 0 862 646 362 3¢9 0.2 16,0 13,9 I7.I 30,1 22.9

FOSTCRANIAL HAIRS typically all pale, lying typically many dazk or greyish | almost all hairs very black,
| flat on the head. Few dark hairs, but often most hairs few pale hairs intermixed
pale. Sometimes protruding

FORE-COXAE HAIRS all pale seldom few dark hairs inter- usually some very black hairs
mixed visible




location of these catching sites , were drawn after aerial photographs
from the land registry office in Lomé. However, the region of Ala-
massou was drawn from a map 1:200.000, according to prospection of

the area by feet.

2.4. Prospection of Simulium breeding sites by road.

S. damnosum s.1. larvae were collected at breeding sites in Togo
but there was not enough time to do so in Benin. Most of the larvae
samples, the identifications of which are mentioned in this report,
stem from prospections of the OCP sector teams or from the insecticide
screening team in Lome. The larvae were fixed in cold Carnoy and
were send to Mr Fiasorgbor (Ouagadougou) for cytotaxonomic identifi-
cation.
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3. RESULTS

3.1. The course of reinvasion 1in 1983

3.1.1. The meteorological data

The monthly totals of the rainfall (Table 2) were within the
normal range of the last years (cf. CHEKE & GARMS 1983, Table 1)
in Togo (stations Dapaon, Kara, Sokode), but were rather low for
the beginning of the rainy season in northern Benin (Parakou,
Kandi) and were extremely low in the late rainy season in southern

Togo (Atakpamé, Notse, Lome).

Tab, Z

MONTHLY TOTALS OF RAIN-FALL (mm) AT VARIOUS METEOROLOGICAL STATIONS
| IN TOGO AND BENIN 1983

Meteorological station
mm rainfall per

month
_*_Ei?f?? KARA . ;LS?EO?F ATAKPAME NOTSE LOME PARAKOQOU KANDI
MAY 99.9 | 16671 153493 151.8 122.9 303.0 100.1 3749
JUNE 98,9 F 168.7-— 236:2 r-;92.1 136.%F 191.6 126,9 131.7
JULY ;;;.7 250,.,6 25%18 124.1 213 7641 110,6 135.6
CAUGUST 15;t;L | Zléj;m-- 846;;I1 44 42 -P 4.1 1.7 192.1 187 .4
SLEPTEMBER 130;1?r_- - F .‘2;;j; | o _.H;B.ﬁ 82,5 114.6

OCTOBER




- 11 -

3.1.2. Biting rates at fly-catching sites in Togo (Fig. 3 )

At Landa Pozanda, the biting rates were much lower in 1983 than
during the previous years. For the total of the rainy season (May
to September), the biting rate (1215 flies) was at its lowest level
ever recorded and was even lower than during the two rainy seasons
of experimental treatments of the suspected source areas of the
reinvading flies in 1980 (3270 flies) and 1981 (1629 flies) (Table 5).
In 1982, the application cycles of insecticide to the river Kara
were interrupted during the months May to August. This explains the
very high biting rate in 1982 (9985 flies). Daily biting rates, ex-
ceeding 20 flies per man per day were only observed in the second
half of the month of August and the highest daily biting rate was
observed on the 20th of August (82 flies/man/day). The dynamics of
the biting rates were similar to those observed at M6 a MO and
Landa Mono, but in May, more flies were caught at Landa Pozanda than
one might have expected from the biting rate observed at these sites.

At MO a MO, more flies were caught in 1983 (18,487 flies) than in
1982 (14,503 flies), but this number was still lower than the biting
rates in the years 1976 to 19/9. The maximum daily biting rate was
recorded on 13.8.83 (647 flies/man/day) at MO a MO, on the 15.8.83
at Landa Mono (432 flies/man/day) and on the 12.7.83 at Fazao (528
flies/man/day).

3.1.3. Biting rates at fly-catching sites in Benin (Fig 4)

Similarly to the previous years, Gbasse continued to show biting
rates exceeding the critical level of 1000 flies per man per year by
many times. For the total of the rainy season (May to September),
the estimate biting rate was 23,922 flies. The fly-pOpu]ation built-
up later 1in this year than during the preceding years and reached high
levels (786 flies/man/day) by the end of June. These flies presumably

came from local breeding sites, since the Sota was only treated star-
ting the 29th of June.
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The rapid decline of the f]y-populatioh in July can therefore be con-
sidered as the result of the treatment cycles, and the same is indicated

by the increase of the parous rate, which was 84 % of all flies dissec-

ted in June by the OCP-staff and was 95 % in July. The biting rates at
other catching sites of comparable location along rivers flowing north
towards the Niger (Alibori, Zougou, Keremou) did not follow the same
pattern and were much lower than those at Gbasse. In particular, the
out-break of the fly-population at Gbasse in June/July was not noticed

at these sites, and this again would speak for a local source of flies

at Gbasse. Some similarity in the pattern of the biting populations can

be seen between the catching site Kaboua (r. Okpara) outside the controlled
area and the reinvasion sites at the beginning of the rainy season, but

not during September, when the increase at Kaboua was not followed by these
sites. The high numbers of reinvading flies during August can rather be
linked to the pattern of the fly-population at Beterou (upper Ouéeme), though
the much higher numbers of flies at Zougou (507 on the 15.8.) and Gbasse
(651 on the 17.8.) 1if compared to Beterou (193 on the 24.8.) indicated an
additional source of flies.

3.1.4. Monthly averages of the daily biting rates at some fly-
catching sites from May 1979 to September 1983 (Fig. 5 )

The seasonal variations of the biting rate at the sites Landa Pozanda,
Beterou, Kaboua, Djodji and Tetétou can be divided into two types :
Perennial populations like at Djodji and Tetéetou or seasonal popula-
tions like at the other sites. The population at Djodji seems to have
recovered from the experimental treatmentsin June and July 1981 and
came back almost to its original level. The extremely dry dry-season
1982/1983 has brought, for the first time since fly-catching started
at this site, the biting rate at Tététou down to zero during the months of
March and April. At the other sites i1in the savanna, the dry-season gap
in the biting rate increased more or less steadily over the past years
and was particularly marked during the last dry season.
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3.2. Prospection of breeding rivers and identification of larvae

The results from the identification of larvae samples are summarized
in Table 3 . The most important changes in the composition of the
farval populations were observed, 1f compared to the results of pre-
vious years, at Djodji and Tetetou (see next paragraph). The majority
of larvae at Djodji were now 'S. sanctipauli', S. soubrense/sanctipauli
and 'S. soubrense', probably forming an interbreeding population, and
S. squamosum disappeared more and more in July, August and September.
No S. damnosum s.s. and S. sirbanum were found at Djodji in the Gban
Hou. At Tetetou, the breeding sites in the Mono were repopulated, after
the complete disappearence of larvae during the drought, by S. damnosum
s.S. only, together with very few S. sirbanum. This is the more sur-
prising as, at the same time, S. sanctipauli and S. soubrense/sancti-
pauli were identified in samples from the upper Mono at Segbog.

Mermithid infections were frequently observed in larvae from Tétetou
(Fiasorgbor, pers. comm.).

No larvae of S. squamosum were found in the Mono, but were they
were frequently found in all tributaries of this river (Anie, Aou, Na,
Ogou, Koloware), sometime together with S. damnosum s.s., but never 1n
association with S. sirbanum. The latter species was only found at a

low proportion amongst S. damnosum s.s. in the Mono in Togo and in the
Cuéemé and Okpara 1in Benin.

3.3. Seasonal changes in the species composition of the larval
populations at Djodji and Tetetou

In order to fo]Tow-up the seasonal variations in the species com-
position of the larval populations at Djodji and Téetetou, the results
from the cytotaxonomic identifications are summarized, for the past
years and for dry- and rainy seasons seperately (Table 4 ). At Djodji,
S. soubrense/sanctipau1i'was not identified before the dry season 1981/
1982 and was now present at 13 % of the total population. However, this
might be due to the difficulty of seperating these larvae ("Beffa form")
from those with standard S. soubrense or S. sanctipauli chromosome

arrangements (MEREDITH et al. 1983), but S. soubrense/sanctipauli lar-
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CYTOTAXONOMIC IDENTIFICATION OF SIMULIUM DAMNOSUM s.l.

L B IR T T R A —
_— b i I B e — T T —r—

LARVAE_FROM BREEDING SITES IN TOGO AND BENIN DURING THE

EELLEE TN el S E——

AR EmEy eyl ainhll ssees Sy SEepsh G seesls S eV il

(Identifications by Mr. G, Fiasorgbor, larvae collections
by the Sector staff, the insecticide laboratory in Lome,
Dr._Cheke and Mr Renz)

Date Site (River) da si sq SO sa so/sa
Djodji  (Gban Hou)
De3.83 16 S5
2445483 2 4
De?aB3 18 31
12.7.83 11 2 1 13
19.7.83 17 1 38 11
20 o7 ¢ 33 13 12 5
78483 4 o
23 eBe83 3 28 2
30.8,83 1 16
66083 4 14 3
Tetetou (lower Mono)
20.11.32 7 12
11, 2.83 Adjarala (Mono) 2 11 26
Se 3683 " ' 4 11 41
14. 6.83 Begba Rapids " 94 2
7e 7e83 Tetetou A 101 2
10, 8,83 " m 21
11. 38.33 H " 19 |
26. 8.83 ' 't 24 1
28, 8,83 a " 68
20,10.83 Adjarala " 21
Landa Mono (upper Mono)
2e 9483 33
Ngambeto "
25, 8. 83 14 1
21.10,.,83 58
22410,83 24
Kpessi &
de 7Te83 09
20e 883 22
27« B¢83 42 2
Segboheé
16. 9.83 68 3 3
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Date Site (river) da  si sq so sa so/sa

Amou Oblo (Amou)

8. 8.83 _ 38
28s 083 30
B D833 74
17. 983 1
Amou Glei (Amou)
28, 8,83 18 473
1le D68 6 17
Akaba (Anie)
16 B33 19 O
Blitta (Anie)
17« B8B83 ol 35
2D e D83 | 14 38
Yeloun (Anie) '
Pagala (Anie)
25 8483 | 23
Teoe D33 | _ 33
Blitta (Anie)
7e 5.83 ' 19
Alamassou (Anie)
16, 9.83 1
Konigbo  (Anie)
21, 9,83 22
30 9.83 30 2
5¢ 1083 16
13 ¢ 1083 31

A ekl meell ek el SEEEE SIS S ke e VRFEE B e WS T e e sl el N weSal T aaaas ey ki R — L ] T S ey speeny el peesiekls Sl SV e
_ﬂ_—_—___ﬂ_—__-—_“_—_m il e e e el

AR S S s dmesis b Seesle e Sl S - ek DL e e el el kel el Pl S pE—— E— et A A

Aou Losso (Aou)

19, 8.83 ol
20« 8.83 82
2e 9483 1 30
23e D683 2 67

el A AP wrmm e—ale Vil SR A gl el L e s el el Al el S

Kolowaré (Koloware)
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Date Site (river) da si sSq SO sa so/sa
Tchalou (Na)
27 e Be83 o8
_ Goubi (Ogou)
2e G483 1 2
Kati (Sio)
Be 54833 3 11
28e 8.83 15 60
Ezime (Oule
8, 8,83 | 1
Brouffou (Gban Hou)
6o 0483 17
Ayagba (Gban Hou)
Go D¢83 ' 23
20e 9,83 67 1
11.10,83 17
Beterou (Oueme
25, 8.83 _ a1 4
Mf'betekoukou (")
O, 8,83 11
21e 8,83 75 1. 1
22 8683 49 3
24, B.83 119 1 6 3
1. 9.83 21 5 2
Aguigadji (Ouéeme)
23e 8683 40 2 2
Bassa (Okpara)
25. 8B,83 58 o

wly
“HH”H_HHHH“H_“__"——_._p—-—-m-——-—-___—“ﬂ—__—*_ﬁ“huﬂ—___—_ﬁﬁ_
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VARIATION IN THE SPECIES COMPOSITION OF THE LARVAL

el s T S SRS P el SN gl el S PR S PR AN SR EFTEE RN G bl AR SELEE URAEE. s DRSS TVENE WS EERAE SR sl sk P S Al Sl iyt P we—hl SR BTEE el S LTRSSl ekl iy
Al el sl e A I AN SN el Sl ek Sy el LGN SR SPEEE RS kL e gl L L, B kil SR DTS A LA S ek SR UEES UV SN S SN EVELE aled femgs il ol Bl G e S SN ekl Pkl S bl

Wl deieh LA WLEEE YEREE. LS S S SN SRaEE el ey e — e mminlh vl - e . y—
_-__-- . 1 _ L Y —l

n_—r—_“‘_—_—_““——_ﬁ——_-ﬂ_—_——-—_—-—“ﬂﬂ_-‘-——

Cytotaxonomic identification of larvae by cytotaxonomists
of the programme (reports 1980 - 1983)

DJdODJI

“““““““““““ NUMBER OF IDENTIFICATION OF LARVAE ( % )

YEAR  SEASON LARVAE EX- da si sq so0o sa so/sa

AMINED

1979 RAINY SEASON 76 0 0 21 0 79 0
DRY SEASON 0 - - - - - -

1980 RAINY SEASON 25 0 0 24 16 60 0
DRY SEASON 20 25 0 60 0 15 0

1981 RAINY SEASON 90 o 0 20 12 68 0

Y~ DRY SEASON 234 21 0.4 74 1 2 0.4

1985 RAINY SEASON 128 0 0 08 2 0 0

' DRY SEASON 21 0 0 76 24 0 4,

10853 RAINY SEASON 259 0 0 28 1 58 13

IETETOLU

YEAR  SEASON EXAMINED da si s8q s0 sa so/sa

1980 RAINY SEASON 89 29 0 0 69 0 2
DRY SEASON 0 - - - - - -

1981 RAINY SEASON 37 62 0 3 19 3 14
DRY SEASON 343 6 0O 0,3 26 0,3 68

1982 RAINY SEASON 138 7 0 0 17 t, 76
DRY SEASON 114 5 0 0 25 0 69

1987 RAINY SEASON 353 99 1 0 A, 0 0

RAINY SEASON: May to October, DRY SEASON: November to April
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vae were already identified at Tetétou, when no such larvae were
found in samples from Djodji.

S. damnosum s.s. which was present in all samples of the dry-

seasons 1in previous years, was not found in one (small) sample
collected in March 1983,

S. squamosum was always found at Djodji during dry- and rainy
seasons, and it became the predominant species after the experimen-
tal treatments in 1981. Only in this year, the former population of
S. sanctipauli came back to its original size.

At Tetetou, S. damnosum s.s. had always been present during the
rainy season at a proportion of 7-62 % and, during the dry season,
at 5-6 %. The rest of the population was mainly S. soubrense, S.
soubrense/sanctipauli and (few) S. sanctipaulj (interbreeding 'Beffa
form'). S. sirbanum and S. squamosum were only found very occasionally.
However, during the rainy season 1983, no larvae of S. soubrense,

S. soubrense/sanctipauli and S. sanctipauli were observed. Coinciden-
taly, the biting rates were at the lowest level ever recorded at this
site, and mermithid-infections were found frequently in both larvae

and adults of S. damnosum s.s..
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3.4. Comparison of the biting rates during the rainy- and dry-
seasons 1979 to 1983: Trend of decreasing biting rates

The biting rates at most of the catching sites inside as well

as outside the programme area in Togo and Benin decreased over the
past years. Tables 5 and 6 give, for rainy and dry seasons seperately,
the estimate values of the total biting rates. Within the OCP area,
the biting rate during the rainy season 1983 was at its lowest level
at Landa Pozanda for all years without insecticide applications out-
side the programme area and it was rather low at Mo & M6 and Gbasse.

The most important reductions were seen at Tététou, Kaboua and
Beterou outside the OCP boundary, where the biting rate during the

rainy season 1983 was only at about 1/4 of its original level in
1979, when regular fly-catching started.

There is still no simple explanation for the decline of the fly-

popuiations in this region, and it can therefore not be predicted,
whether this trend will continue in future or not.

The experimental treatments of the source areas of reinvasion in
Togo during June to August 1980 and 1981 (CHEKE & GARMS 1983), as well
as the effects of the B.t. Hl4 insecticide trials carried out by Dr,
Cheke in south-Togo during October to December 1981 and the activities
of the insecticide-screening team in Lomé (field trials since 1982)
might have contributed to the phenomenon of decreasing biting rates
in Togo, too, although the quantitative influence of these treatments
on the total ABR is difficult to assess and might not have been very
1mportant at most of the sites, exept during the years 1980 and 1981.
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Tab. 5: Total S. damnosum s.1. biting rates during

—_m

the rainy seasons 1976 - 1983

( May to September only )

1976 1977

1978 1979 1980 1981 1982 1983
+ +4
17.529 3.379 4.194 9.985 1.215
22.638] 28.080) 27.823

- 10..669 | 49.968
B .

¥ ¥ %
Landa Pozanda

Landa Mono
|Beterou
]
Goubi (12.938)
Djodji 108.550
Kaboua

Tetetou -- 42.246 | 59.433 ) 73.998 |110.949 | 27.870 13.106

+: no control
++ : no control 1in August §: no control during May and June 1983
+++: experimental treatments
¥ . without May 1976 (approx. 1.500 flies
*« % : August and September 1978 only |
xx¥ : 1n controlled area



Tab. 6: Total S. damnosum s.1. biting rates
during the dry seasons 1976 - 1983

(November to April)

1976-77 § 1977-78 | 1978-79 1979-80 1980-81 1981-82§r

Fazao -- 397 - /89 508

T R N I
S Tl N I
pjodii -- 1673 | 25673
T e
N A N e W

* : no control
¥* : without February 1978
% % - in controlled area

§: some localized applications of B.t.H 14 insecticide during October

to December 1981 in the rivers Anie, Mono, Aou, Bouvelém, Terou (CHEKE,
pers. comm. )

F
L]
=
..
1

1982-83
580

2.331

4,093

267

2.100

2.072

40.878

8.943

13.935

; . ;
) L i
_ §
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3.5. Results from the identification and dissection of the flies

3.5.1. The occurrence of different members of the S. damnosum
s.1. complex in Togo and Benin

During the studies in 1983, a total number of 1341 flies from vari-
ous catching sites were examined and were classed into one of the three
categories S. damnosum s.s./S. sirbanum, S. squamosum and S. soubrense/
S. sanctipauli. Together with the results from the identification of
flies 1n 1982 (RENZ 1983), these data were used to calculate an esti-
mate proportion of each vector group in the total biting rate, per
rainy season and per year, for different catching sites in various
regions of Togo and Benin (Table 7 and Fig. 6 ). The values for the
biting rates per year and per rainy season were taken from the OCP
microfiches data for those years, when no insecticide applications were
dbne outside the programme area (1978/1979, 1981/1982, 1982/1983).
An average biting rate per year is calculated, together with the pro-
portion of the total biting rate during the rainy season. The relative
proportion of the three vector groups was taken from the results of
the identification of flies i1n 1982 and 1983 and was weighted by the
corresponding biting rate during these years to obtain an average
proportion of each vector at every site (Fig. 6).

Most of all flies came to bite during the rainy season (May to
September), and only 4 to 40 % of all flies came to bite during the
dry season (November to April). S. soubrense/S. sanctipauli flies
were dominant at Djodji, Tetetou and Kaboua, S. squamosum was the
predominant species at M6 & MO and Fazao, and S. damnosum s.s./S.

sirbanum at Gbassé. Not enough flies were identified for the popula-
tion at Landa Mono.

These estimates represent only very crude values, since they were
based on a very Timited number of flies identified during a few months
in two years. (July to October 1982 and August to September 1983). More
data should be used for these calculations, especially for the re-
maining months of the year. When more data would be included, a similar
calculation could be made for the amount of transmission by the diffe-
rent vectors at the various sites.
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THE COMPOSITION OF FLY-
POPULATIONS DURING THE
RAINY-SEASON

4 :
O\ 10
i
0
Proportion of total ABR
during dry-season (IX.-IV.)
RAINY-
PLACE ABR SEASON
A: MO a MO 24.000  (91%)
B: Landa Poz., 7.700 (87%)
D: Fazao 28.600  (96%)
E: Landa Mono 31.3c0 (80%)
G: Kaboua 73.600  (76%)
H: Gbasse 37.300 (77%)
M: Djodji 140.000  (60%)
N: Tétetou 61.800  (65%)

(= 50 km

COTONOU
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3.5.2 Comparison of the results from the dissection of fresh
or alcohol-fixed and stained flies

A total number of 9,182 flies were separated into nulliparous
and parous flies during the studies in 1983, and 1341 of these
flies were classed into the three vector groups and were dissected
for the detection of filarial infections. All dissections in 1983
were done with alcohol-fixed and haemalaun-stained flies. Since the
staining of the flies renders the filarial larvae very distinctly
visible in the muscles of the thorax, one might suspect, that this
new method provides an higher detection rate of infected flies and
infective larvae, if compared to the usual dissection of fresh un-
stained flies. The results from the dissection of fresh flies in
1982 were therefore compared to the results of 1983 (Table 8 ), for
each vector group seperately.

The infection rate (proportion of parous flies infected) was
slightly increased for stained flies of the group S. damnosum s.s./
S. sirbanum and for S. soubrense/S. sanctipauli, but was lower for
S. squamosum. No difference was found for the proportion of parous
infective flies by using the different methods and the average num-
ber of filarial larvae per infected or infective fly was only siightly,
but statistically insignificant, increased by the staining. The higher
proportion of infected flies in the S. soubrense/S. sanctipauli group
in 1983 might be partially explained by an higher proportion of flies
from the heavily infected site Djodji in this year (cf. Table 9).

One might therefore conclude from these results, that the dissection
of alcohol-fixed and stained flies provides about the same results as
the dissection of fresh flies, and that the results obtained by the
two different methods can be compared without restrictions. In the
fo]]owing, the results of all dissections will be combined 1n order to
have enough data for the comparison of the vectorial efficiency of the
different vectors.
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3.5.3. Parous and infection rates of various fly-populations

In total, 4,003 flies (1,043 S. damnosum $.S./S. sirbanum, 1,412
S. squamosum, 1,548 S. soubrense/S. sanctipauli) were identified and
dissected during the studies in 1982 and 1983. Parous and infection
rates are given, for each vector group separately, for the flies
from Landa Pozanda, Djodji, Tetetou, Beterou, Kaboua, M6 & MG, Fazao

and Alamassou in Table 9, together with an estimate number of infect-
ive larvae per 1000 biting flies (QUILLEVERE 1979).

The parous rate of the flies varied significantly from one site to
another, mainly due to a varying proportion of old reinvading flies.
This explains the high parous rates observed for S. squamosum at
Landa Pozanda and M0 & MG (76 and 71 %), which is in contrast to the
low parous rate of the same vector at Djodji (16 %). The very high
parous rate at Alamassou is certainly not representative for the age
structure of the fly-populations there, but is rather due to the fact,
that only few flies were dissected when the fly-population was on
decline.

The proportion of infected and infective parous flies varied
largely from one site to another and for the different vectors,
although the number of flies examined was not sufficient in most
cases to render these differences statisticaly significant. This 1s
particularly true for the proportion of infective parous flies. In
general, infection rates were high for S. damnosum s.s./S. sirbanum
(20.1 % of parous) and S. soubrense/S. sanctipauli (23.5 %), regardless
of the situation of the catching site. Flies from Djodji and from
Tetétou showed the highest infection rates, which were higher than
those observed at Beterou and Kaboua, probably due to an increased
proportion of blood-meals on microfilarial-positive persons at these
sites. The situation at Alamassou gives an exemple for the degree of
infection that can be reached in an highly anthropophilic fly-popula-
tion. Infection rates were lowest for S. squamosum (7.8 % of all parous
flies) and very few infétted flies of this'speCiés were found at
Djodji and MG 4 MO6. The situation at MO & MG will be discussed 1in
detail in the next paragraph. Higher infection rates of this vector
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at other sites might be partially explained by the difficulty of
separating these flies from S, damnosum s.s./S. sirbanum (at Landa

Pozanda) and from S. soubrense/S. sanctipauli (at Kaboua and Tététou).

The proportion of infective parous flies was highest for S. damno-
sum s.s./S. sirbanum (over-all 7.6 %), followed by S. soubrense/S.
sanctipauli (4.3 %) and was lowest for S. squamosum (3.3 %).

The arithmetic mean number of filarial larvae, indistinguishable
from 0. volvulus, per infected and infective fly was about similar
for S. squamosum and S. damnosum s.s./S. sirbanum (2.07 versus 2.19
developing stages per infected fly and 1.85 versus 1.91 infective
larvae per infective fly), but was three times higher for S. soubrense/
S. sanctipauli (5.54 developing stages and 6.59 infective larvae).

An indication for the vectorial efficiency of different fly-popu-
lations is given by the estimate number of infective larvae per
1000 biting flies. This index i1s highest for S. soubrense/S. sancti-
pauli (123 larvae), followed by S. damnosum s.s./S. sirbanum (58 larvae)
and is lowest for S. squamosum (29 larvae).

Intraspecific variations of the vectorial efficiency of the same
vector 1in different biocliimatic zones are difficult to detect, due to
an unsufficient number of flies dissected at most sites. Nevertheless, it
clearly results from the data given in Table 9 , that S. damnosum s.s./
S. sirbanum 1s an equally good vector of onchocerciasis in the savanna
~and in the southern areas of Togo and Benin and that the average number of
filarial larvae per infected or 1nfect1ve f1y 1n the south 1s s1m11ar
or even h1gher than that observed in the savanna. S. squamosum showed the
lowest rate of infected and infective flies. This can probably be explained
by a reduced susceptability of these flies to infections by 0. volvulus
(RENZ 1983, BARBIERO 1983). S. soubrense/S. sanctipauli showed the highest
vectorial efficiency in the southern areas at Tetetou, Djodji and, at a
reduced rate, at Kaboua. However, few infective flies of this group were
caught 1n the northern areas of its distribution, although many flies were
found infected.
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3.5.4. VYariations in the infection rate of parous flies
from MO 4 MO 1982 and 1983

The infection rate of parous flies at M0 a MO was extremely
low during our studies in end of July, August and September.
On an average, less than 4 % of all parous flies were infected
and less than 1 % were infective (Table 9). Almost all flies
were identified as S. squamosum, whereas 2 out of 10 flies,

identified as S. damnosum s.s./S. sirbanum were found infected.
This phenomenon could be interpreted either by a low suscepta-

bility of S. squamosum to infections by 0. volvulus, or by the
fact, that these flies did not have the chance to feed on an in-
fected human population in these sparsely populated areas.

A comparison of the infection rates at M0 & MO during different
months of the years 1982 and 1983 (Table 10) shows, that the in-
fection rate was rather high (14 - 16 %) at the beginning and at
the end of the rainy season 1982, whereas the rates in July and
August were similar to ours.(2 - 4 %). Infection rates were high,
when the parous rate was low (Fig. 7 ). This is in contrast to
the usual observation, that infection rates do increase with in-
creasing parous rate of a population. From the data of GARMS et
al. (1981), it can be concluded, that the proportion of S. damnosum
s.Ss./S. sirbanum in the population at M0 & MO was about 70 % at
the beginning of the rainy season in May, decreased steadily until
mid-June and was low in July (CHEKE & GARMS 1983). It appears there-
fore, that S. squamosum has a lower ability to transmit the disease
in this area, if compared to S. damnosum s.s./S. sirbanum.
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Fig, 7: CORRELATION BETWEEN PAROUS AND INI‘ECTION RATES AT MO A MO
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3.6. The dispersal of fly-populations away from the river in
different bioclimatic zones |

Studies on the dispersal were carried out at MG & Mo (13./14.
8. 1983), DJodji (6./7. and 15./16. 8. 1983) and at Alamassou
(16./17. 9. 1983). The location of the fly-catching sites and the
numbers of flies caught are presented, together with the estimate
proportion of parous flies at each site, in Fiqures 8 to 10.
At MG a MO, the number of flies caught decreased rapidly with in-
creasing distance from the river. Only 6 % of the biting rate at
the river was recorded near a small hamlet at 1,500 m from the
river, and this proportion even fall to 4 %, if only parous

flies were considered. Most of all flies came to bite very closely
to the river.

At Djodji, the biting rates decreased much less with increasing
distance from the river and as many as 55 % of the biting rate at
the river was measured at a distance of 1,700 m near the primary
school of Djodji. The proportion of parous flies at the village
(25 - 28 %) was not much lower than that observed at the rijver (30 -
34 %). Catching sites near one dry (5) and one running tributary (7)
gave the lowest biting rates (17 and 15 % of the river's rate).

The results from the experiments at Alamassou are rather difficult
to interprete: Whilst the biting rate decreased quickly along the
path to the village, and only 36 % of the river's biting rate was
measured inside the village at a distance of 300 m from the river
(25 % of the parous biting rate), a very high biting rate was re-
corded at a dry tributary about 1000 m from the Anie (7). The
following day, a catching team was placed at the river bank (2),
near to some rapids which seemed to provide suitable breeding sites.
However, only few flies were caught and, when larvae were searched
in these rapids, only one single S. damnosum s.s. could be found.

[t might therefore be concluded, that most of the flies around
Alamassou did not originate from breeding sites in the Anie river,
but came from the nearby Mono which flows about 5 to 10 km north-east
of Alamassou. When these breeding sites in the Mono were visited,
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Fig. & : Dispersal of Fly-Populations at Djodji
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Fig. 9 : Dispersal of Fly-Populations at M6 a8 MO
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Fig. 1lo : Dispersal of Fly-Populations at Alamassou
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68 larvae of S. damnosum s.s., 3 S. sanctipauli and 3 S. soubrense/
sanctipauli were found. '

Flies coming from the river Mono could either fly upstream the
river Anie and would then come to bite at Alamassou or could come
overland from the north-east and would then concentrate in the dense
vegetation of the gaTTéFy'foreSts along the rainy season tributaries.
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3.7. The influence of mermithid-infections on the fly-populations
at Beterou and Tetetou

A total number of 308 mermithid-infected flies were found at the
dissection of 4,007 flies in 1982 and 1983. The vast majority of
these flies were nulliparous and had atrophied ovaries, but a few
parous fiies were found infected too, and in one occasion, a develo-
ping stage of 0. volvulus was found besides a (small) mermithid.
These mermithid larvae resembled to Isomermis lairdi (MONDET et al.
1977). They were about 7 to 14 mm long and their average diameter
was 0.1 mm. The total volume of these parasites (0.05 - 0.1 mm3)
corresponds to almost 10 % of the unfed fly's size (~1 mm3).

Most of the infected flies came from Beterou (219 infections) and
from Tetetou (67 infections). Apart from this localized distribution
of mermithid infections, different infection rates were observed for
the three groups of vectors: 185 infected flies were classed, accor-
ding to their morphology, S. damnosum s.s./S. sirbanum, 119 S. squamo-

sum and only 3 infections were recorded in S. soubrense/S. sanctipauli.
This phenomenon was studied in detail at Beterou and Tetetou:

At Tetetou, only 2 infected flies were found at the dissection of
5561 flies in 1982 and both flies were classed S. damnosum s.s./S. sir-
banum, although this species was very rare at this site in 1982 (2/9 =
22 % infected for S. damnosum s.s./S. sirbanum, 0/14 = 0 % for S. squamo-
sum and 0/549 = 0 % for S. soubrense/S. sanctipauli). In 1983, at the
same site, only S. damnosum s.s./S. sirbanum flies were found and the
infection rate was very high: 65 of 149 flies (= 43.6 %) carried mermi-
thid infections (Tabie 11). At Beterou, the corresponding infection rates
were, in 1982,: 92/271 (= 34.0%) for S. damnosum s.s./S. sirbanum,
116/252 (= 46.0%) for S. squamosum and only 3/99 (= 3.0%) for S. soubrense/
S. sanctipauli. In 1983, similar infection rates occurred: 21/102 (=20.6%)

for S. damnosum s.s./S. sirbanum, 2/17 (= 11.8 %) for S. squamosum and
0/6 (2 0%) for S. soubrense/S. sanctipauli.

It seems from these data, that S. soubrense/S. sanctipauli flies are
much less parasitized than the two other vector groups - either due to
a reduced susceptability of their larvae or to an increased mortality
of infested larvae or adult flies.
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Tab. 11: Mermithid infections of the fly-population at
Tétetou 1983 (May to September)
Mermithid  infections
Date DBR Species P NP %P | P NP %P % NP
D65 3 da 3 O 100 O 3, §; -
17.5. 7 da 7 0 100]| O 0 o -
24 eD e § da 4 2 6’7 O O 0 O
3TeDe 2 da 2 9, 100 0 O O -
(ebe 3 da 8 O 100 O O 0 -
14,04 62 da 30 1 97 O O 0 O
21e0¢ 78 da 24 15 62 0O 0, 0 0
28e06 4 193 da 33 11 78 0 1 O 9
Dele 121 da 33 7 83 3 O 9 71
1267 206 da 24 17 67 O 1 O 6
19.7.+ 122 da 16 24 40 2 7 13 29
19e7 o ' da 33 36 D1 1 21 3 58
26.7.+ 264 da 34 18 65 o 11 15 61
20 ¢7 o " aa o1 42 55 O 23 O 5H
1.8,7 254  da 42 68 38 6 55 14 81
2ee 287 da 20 34 42 3 24 32 71
8e8a" 190  da 45 65 41 0 45 0 69
DeBe N 162 da 17 37 31 1 20 6 70
1586 34 da 519, 27 97 ( 29 O 70
15.8.+ 123 da 22 18 55 O 12 0, Q7
22e8e 62 da 29 31 48 1 16 J P
23.8.+ 46 da 18 28 39 0 20 o 71
20 e e 27 da 18 9 67 0 4 0 44
30.83. 21 da 14 7 67 O 6 0O 86
5¢0e 15 da 6 9 40 0 5 0 56
CePa N 19 da 3 11 42 0O 7 O 64
12 e 94 27 da 7 20 26 4§, 16 O 80
13696 20 da O 15 295 O 13 O 87
199 23 da 12 11 52 0, 4 O 36
20.9. 21 da+so/sa 13 8 62 0 3 0 38
26e9e 29 da+so/sa 9 13 41 1 3 11 23
27 e e 15 da+so/sa 8 7 53 0 2 0 29

Results from the dissection of flies by the Sub-Sector team, Atakpame

-

* own dissections

DBR: Daily Biting Rate, number of flies caught
P : number of parous flies
nunber of nulliparous flies

NP :
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In order to examine the influence of the mermithid infection on
the morphology of the infested flies, the ratios of the thorax/antenna
length measurements were compared for uninfested and infested flies
(Fig. 11 ). Mermithid infections were mainly found in flies with a
ratio between 2.05 and 2.25 and only few infested flies had a ratio
of more than 2.40. Hardly any flies with a ratio below 2.00 carried
these parasites corresponding to the fact, that S. soubrense/S. sancti-
pauli were rarely infested. The decrease in the infection rate of flies
with a ratio of over 2.15 might be explained by a reduction of the size
of the thorax of infested flies by atrophy, whereas the length of the
antenna i1s less influenced by ﬁé?ég%i{éhﬁmﬁG.S % of all uninfested
flies from Beterou and Tetetou had a thorax-length of more than 1020

Jum, whereas only 24.2 % of the infested ones were found in this same
group.
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Fig. 11: MERMITHID INFECTED FLIES AT TETETOU AND BETEROU :
FREQUENCY DISTRIBUTION OF THE RATIO THORAX/ANTENNA

LENGTH OF UNINFECTED (A) AND INFECTED (B) FLIES
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Tetétou 1983: 64/133 flies infected (48%); S. damnosum s.s. exclusively
Beterou 1982/1983: 221/743 flies infected (30%); mixed population
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4, DISCUSSION

The reinvasion in 1983

The course of the reinvasion in Togo and Benin differed from
the pattern of biting activities at the reinvasion sites observed
during the preceding years (GARMS et al. 1981, 1983; RENZ 1983),
presumably due to the long drought during the dry season and to the
late on-set of rains this year. In view of the limited period,
covered by this consultantship (end of July to September), a detailed
description of the reinvasion and of the participation of different
vectors in this phenomenon could only be given by combining these
results with those of Dr Cheke's consultantship, which covers the
period May to end of July, but which was not yet available to me until
this data.

By the beginning of these studies 1in July, the biting rate was still
unusually low at Landa Pozanda, but high biting rates, exceeding 300
flies/man/day were observed along the river MO at Bagan and Mo & MG.

The majority of flies were S. squamosum and some of them probably came
from untreated breeding sites 1h'thewheakﬁy tributaries Loukoulou and
Sako of the river Mo, or from breeding sites in the affluents of the
upper Mono. Only very few flies were caught at Landa Pozanda before
August, and the increase in the biting rate at this site in late Auqust
coincidates rather with the pattern of biting rates observed in northern
Benin than with the dynamics of the fly-populations at Fazao, Landa Mono
or M0 4@ Mo. This indicates two separate sources of reinvading flies at
Landa Pozanda, similar to the results of CHEKE & GARMS (1983) for the
years 1980 and 1981. Local failures of the treatments of the river Kara

or of its tributaries are most probably responsible for the flies caught
during May and October.

The total biting rate during the rainy season at Landa Pozanda
(1,215 flies during May to September) was not much over the 'tolerable'
level of 1000 flies per man per year, but this very positive result
should be compared with the biting rates at other sites in this region
(Alehéride, Kapayando, Kétao ...) in order to see whether this is re-
presentative for the whole area.

In Benin, the biting rate at Gbasse continued to be exeedingly high,
though the situation at Zougou and, in particular, at Alibori and Kere-
mou was much better than the'preceding yéaks. The high biting rate at
Gbasseé in June and July is probably due to local breeding, since the
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first application of insecticide was on 29th of June and the river Sota
was already flowing in May. The numbers of reinvading flies in August
decreased from the catching sites in the east (Gbassé, Zougou) towards
those in the west (Alibori, Keremou). This might indicate a possible
source of thése flies in the eastern area, either in the untreated river
Oltm or further east in Nigeria. Like during the past years, lack of time
prevented a more detailed examination of the situation in northern Benin.

The distribution of vector species in Togo and Benin

The species involved in the reinvasion in Togo were, like during
the preceding years, mainly exclusively S. squamosum and few S. dam-

nosum s.s./S. sirbanum at MO a MO during August and September. The
same was observed at Landa Pozanda, where there were about 80 7% of

S. squamosum, whereas all flies at Gbassé were S. damnosum s.s./S. sirba-
num.

The experience of five years of investigations on the species
composition of reinvading fly-populations in the northers areas of
Togo and Benin has provided evidence, that S. soubrense/S. sanctipauli
flies might only constitute a minute proportion of the total ABR at
sites within the OCP area. Important populations of this vector were
only found, in the larval and adult stage, at Djodji, along the lower
Mono and along the Ouemé and Okpara. Furthermore, this vector seems to
be very sensitive to changes in 1its environment, as it is indicated
by 1ts disappearence from the Gban Hou after the experimental treat-
ments in 1981 and from the lower Mono after the extinction of the
breeding sites during the dry season 1983. At Djodji, it took almost
two years for this species to reach its original size of population
and at Tetetou, the first individual of this vector (one adult fly)
was observed by the end of September. The population of S.
squamosum (at Djodji) and of S. damnosum s.s., which became the pre-
dominant species after the disappearence of S. soubrense/S. sanctipauli,
did not reach the original density of the former population, as indi-
cated by lower biting rates on man at theééméites.

In conclusion, it appears, that S. soubrense/S. sanctipauli is at

its north-eastern limits of its distribution area, the Dahomé gap
forming a natural barrier to its occurrence. According to CROSSKEY (1981)
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this group is not found in Nigeria or Cameroon. If this observation
could be confirmed, then it could be tried to attack the remaining
breeding sites of this vector in Togo and Benin during the dry season
in order to see, how long it would take until these sites would be
repopulated. The Volta Lake could possibly form a natural barrier for

the repopulation, if the breeding sites in the east would have been
treated.

The 'Beffa' form of S. soubrense/S. sanctipaulj

T TR . I —————

The different proportions of larvae, assigned according to cyto-
taxonomic identification to either 'S. soubrense' or 'S. sanctipauli
or to 5. soubrense/sanctipauli is inconsistent with the supposition
of MEREDITH et al. (1983), that the popuiations in Togo and Benin are
a single interbreeding group and that the diagnostig inversions occure

in Hardy-Weinberg equilibrium. If this would be the case, one should
expect an higher proportion of 'S. sanctipauli' at Tététou and of

'S. soubrense' at Mbétékoukou (Tables 3 and 4), and at Djodji,

S. soubrense/sanctipauli should have been seen in much higher propor-
tions (Table 4 ). As well, the adult S. soubrense/S. sanctipauli flies
from Djodji had, in 1982 (RENZ, 1983) and in 1983, dark (D,E) wing-

tufts in a great majority, whereas pale (A,B) tufts should be found

in about 30 % of all typical Beffa females (RENZ 1983, MEREDITH et al.
1983). Such pale tufts were frequently found at Tetetou during the
preceding years, whilst also the Beffa populations at Kaboua always showed
darker wing-tufts (RENZ 1983, GARMS pers. comm.). A possible explana-
tion for this phenomenon would be, that, even if this group forms an
interbreeding population in Togo and Benin, there exist adaptations

of subpopulations to different environmental conditions in the various
areas. The inversion 4.6.7., typical for 'S. sanctipauli, is more fre-
guent in ‘rain-forest' types of breeding sites and the inversion 4.6.
('S. soubrense’) seems to be better adapted to 'savanna' types of sites.
This is similar to the distribution of these cytotypes in the Ivory

Coast (QUILLEVERE 1979), although the differences in the vectorial effi-
ciency of the two types in the Ivory Coast were not observed for the
Beffa population. More should be known about the occurrence of different
types within this population in Ghana, Togo and Benin, in particular as
concerns the eastern areas of the occurrence of S. soubrense and S. sancti-
paulil sensu Vajime and Dunbar (1975) and the western areas of the Beffa

form.
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The trend of decreasing biting rates

One of the key-parameters of the vectorial capacity of a given
fly-population is the biting rate on man, which should be assessed,
in view of the accumulative pattern of human onchocerciasis, for
a period exceeding the life-expectancy of the parasite in man (estimate
5 to 10 years). A comparison of the Annual Biting Rates since the
first regular catches in 1979 has revealed a rather remarkable reduc-
tion 1n the size of many of the observed fly-populations over the past
years. Several reasons might be responsible for this phenomenon, al-
though 1t 1is impossible to quantify the influence of each of these
suppositions: The increasing drought in many of the West-African
countries during the past years, together with the progression of the
desertification of the northern sahel zone and the destruction of
the remaining forest, resulted in a more seasonal flow of the rivers,
which made the seasonal variations in the fly-populations more marked.
Thus, the 'dry-season gap' in the fly-population became longer at
most of the sites. Similarly, the important variations in the popu-
lation of S. soubrense/S. sanctipauli might reflect the difficulties,
this group has to adapt to this new situation. The experimental
treatments outside the OCP area in 1980 and 1981 (GARMS et al. 1981)
certainly reduced largely the fly-populations in Togo, but it could
hardly have had any effect on the populations in Benin.

More data from other catching sites outside the OCP-area in West
Africa should be consulted in order to see, whether decreasing biting
rates are characteristical for the present situation on a larger scale.

The influence of the mermithide-infections on the fly-populations
at Tetetou and Beterou is difficult to assess, but there is no doubt,
that those flies parasitized by these nematodes, are not able to trans-
mit onchocerciasis. The survival rate of parasitized larvae, pupae and
adults of both sexes as well as the reasons for the different infection

rates of different fly-species merit further attention.
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Different S. damnosum s.1. - 0. volvulus complexes in Togo and Benin ?

The different manifestation of onchocerciasis in rain-forest and
savanna might be explained by the existence of different parasite-
vector complexes (DUKE et al. 1972, 1975, OMS 1983), the one 1in the
savanna being highly pathogenic to the eye and transmitted by S. damno-
sum s.S./S. sirbanum, the other 1in the rain-forest being less dangerous
to the eye and transmitted by S. soubrense/S. sanctipauli or S. yahense
in the Ivory Coast (OMS 1983) and by S. squamosum in Cameroon (DUKE 1972).
Unfortunately, there are not enough ophthalmological, parasitological
and clinical data available from Togo and Benin, that really could
sustain the co-existence of two different manifestations of the disease
there. In the northern savanna areas, where the transmission is (or by now,
was) maintained by S. damnosum/S. sirbanum, onchocerciasis 1s as danger-
ous to the eye as it is in other savanna areas of West Africa (BA, pers.
comm.), but on the other side, there exists hardly any site in the two
countries, where S. damnosum s.s./S. sirbanum is not, at least partialiy,
involved in the transmission. Our data, stemming from the rainy-season
do not permit to estimate the relative proportion of transmission, attri-
butable to the various vectors, but this could be attempted by combining
the results from different sources, i.e. OCP-data, the reports of GARMS et
al. (1979-83), CHEKE (1983), BARBIERO (1983) and the results from the
cytotaxonomic identification of larvae samples from nearby breeding sites.

Probably, the most typical 'rain-forest' situation is found at Djodji.
Most of the transmission, perennial at this site, 1s maintained by
S. soubrense/S. sanctipauli and only few infective S. squamosum were
found, but nevertheless, S. damnosum s.s. probably represented 1/4 of the
population and of transmission (?), as it is indicated by the composition
of the larval population in the Gban Hou (Table 4 ).

The ATP at this site was higher than 10,000 before the break-down of
the fly-population in 1981 and from the results of the study on the dis-
persal of the flies, it can be estimated, that the human population at
the village Djodji is exposed to almost 50 % of the biting rate measured
at the river. According to all experience, such a situation would result
in an intolerable manifestation of severe eye-lesions and blindness, if
encountered in the savanna. However, the medical examination of 411 people
from this villages showed 'only' a prevalence of 77.2 %, an average
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microfilarial density of 18.4 mf and 2.0 %» of blind people, whilst

the pre-blindness rate ('prececite') was 3.8 % (BA 1981). In the
savanna, similar values could already be reached by an ATP of less

than 1,000 (THYUFORS et al. 1978, DUKE et al. 1975, RENZ 1981, DIETZ
1982).

At Tetetou, the prevalence (82.4 %) was similar to Djodji, but
the average microfilarial density was lower (11l.4 mf) and there were
more blind (3.7 %) and pre-blind (4.1 %) people. The entomological

data indicate an higher proportion of transmission by S. damnosum s.s./
S. sirbanum at Tetetou if compared to Djodji.

The village Alamassou, which is situated at 300 m from the river
Anie, and which is exposed to almost 30 % of the biting rate, measured
at the OCP catching-site close to the river, showed the highest para-
sitological findings of all villages examined in the southern extension
areas of Togo (BA 1981): prevalence 85.9 %, microfilarial density 31.5
mf, and 5.2 % of pre-blindness, although the blindness rate was rather
tow (1.5 %). I do not have the values of the ATP, measured at this site
during the last years, but these data could be found in the OCP-files.

In conclusion, there are some indications for a different epidemiolo-
gical picture of onchocerciasis at Djodji, as well as the staining
pattern of microfilariae was found different at Landa Pozanda and Djodj1
(OMAR 1983), but much more clinical and in particular, ophthalmological
data should be compared. Concerning the entomological data, it should
be considered, that the now-observed composition of theif]y-popu1a—
tions does not necessarily reflect the orféina] situation during the
time, when those people actualy found blind became infected. It is
possible, that the area of distribution of S. soubrense/S. sanctipaulj
was much more wide-spread in the past and that the actual situation

rather favours the extension of savanna vectors towards the south than the
inverse.
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The vectorial efficiency of different vectors

A definition of the term 'vectorial capacity of S. damnosum s.1.'
will be presented in a seperate paper (RENZ, in prep.), together with
a detailed discussion of the parameters, based on the data from the
present investigations. In the following, I shall therefore only compare
the proportion of infected and infective flies of different groups,

with special regard to the group S. soubrense/S. sanctipauli.

In the Ivory Coast, S. sanctipauli has a reduced ability to transmit
onchocerciasis because of its low parous rate (GARMS 1983, QUILLEVERE
1972) and its high degree of zoophily (TRAORE et al. 1982). Only 2.8 %
of all parous flies identified, according to their morphology, as S.

soubrense/S. sanc§j8§u1i, carried infections of 0. volvulus in the

savanna areas of northern Ivory Cost and its vectorial role in this regioh
was thought to be practically zero (TRAORE et al. 1982).

The data from Togo are different in so far, as the anthropophily of
the Beffa-form is high, as seen by the high infection rates

(23.5 % of all parous) and by the propensity of these vectors to feed on
man (BARBIERO 1983). The parous rate was more than 30 % at all sites.
However, no infective fly of this group was identified amongst the re-
invasion-flies and this could indicate a reduced life-expectancy in the
northern savanna areas. Another interesting fact is the low infection
rate of S. soubrense/S. sanctipauli at Betérou (2.8 %), but this should
be confirmed by more data. On an average, 1000 biting flies of this
group carried 123 infective larvae, which is a value a bit Tower than
the one given by QUILLEVERE (1979) for S. soubrense in the 'zone de
contact forét-savane' in the Ivory Coast (204 larvae). This difference
1s mainly due to the different number of infective larvae per infective
fly (see below).

No obvious difference could be detected for the susceptibility to
infections by 0. volvulus for S. soubrense/S. sanctipauli from different
sites in Togo and Benin. The experimental-transmission data clearly show,
that this vector allows the development of 'savanna' and 'forest' micro-
filariae without difference (RENZ 1983, BARBIERO 1983), and the variations
in the proportion of wild-caught infected parous flies, observed at
Djodji (41.7 % of parous infected), Tetéetou (23.9%) and Kaboua (17.2%),
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could as well be explained by a different density of the human
population at these sites as by a different degree of anthropo-
phily of the fly-populations.

The tow infection rate of S. squamosum fits to the observation,
that this species has a reduced ability to transmit in the savanna
of the Ivory Coast (35 infective larvae per 1000 biting flies,
QUILLEVERE 1979). According to our data, 1000 biting flies carried
29 infective larvae on an average in Togo and Benin. However, whereas
the vectorial efficiency of S. squamosum was much higher in the rain-
forest in the Ivory Cost (240 infective larvae per 1000 flies, loc. cit.),
no such increase could be observed in Togo (Djodji: 0/1000 flies).
The low susceptibility of S. squamosum at Djodji was confirmed by
the results of the experimental transmission (RENZ 1983, BARBIERO 1983):
only very few microfilariae successfully developed to infective stages
although large numbers of microfilariae were ingested.

S. squamosum popu1ations from Togo are morphologicaly and possibly
also genetically different from those in southern Ivory Coast {GARMS et
al. 1982) and from Cameroon (pers. obs.). Therefore, it remains unclear,
whether the low susceptibility of S. squamosum in Togo is due to
either a different strain of 0. volvulus or a different population of
the vector. Cross-transmission experiments could provide further in-
formation, if S. squamosum from Mo & MO would be allowed to feed
on microfilariae from Ivory Coast savanna and rain-forest.

The average number of developing stages and of infective larvae
per infected resp. infective fly was different for the three groups of
vectors, but was similar within one group at the different sites.
S. damnosum s.s./S. sirbanum carried about two larvae per infected or
infective fly and similar values were found in S. sguamosum. S. soubrense/
S. sanctipauli carried the highest numbers, about 6 larvae per infected
or intective fly. This is nevertheless lower than the number observed in
S. soubrense of the Ivory Coast (10.2, QUILLEVERE 1979) and this again
shows the differences in the vector-parasite complexes of the two areas.

Interestingly, such differences in the susceptability of S. soubrense/s.
sanctipauli were also observed within the Ivory Coast (PROD'HON et al. 1983),

More about the frequency distribution of infective larvae in the
vectors, the degree of anthropophily and the age-structure of the various
fly-populations will be presented in the paper on the 'vectorial capacity'.
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/. CONCLUSIONS

Reinvasion into the south-eastern flanc of the OCP occurred, like
during the preceding rainy seasons, at the same sites and by the same
vector groups, but at a much reduced biting rate, along the river Kara
(at Landa Pozanda) in Togo and along the rivers Mékrou (at Kérémou),
Alibori (at Alibori) and Bouli (at Zougou) in Benin. In contrast to
these sites, high numbers of biting flies, exceeding those measu-
red during the past two years, were observed at Gbasse (r. Sota, Benin)
and at M0 a M0 (r. MO, Togo); péFtia11y being of local origin.

The pattern of the dynamics of the biting rates at the reinvasion
sites and the species-composition of the reinvading populations indicate
at least three different sources of reinvading flies: Those caught at
MG 3 MO were mainly S. squamosum, during the period of this consultant-
ship , and came presumably from untreated rivers in the south. At Landa
Pozanda, the different pattern of the biting rate and the higher pro-
portion of S. damnosum s.s./S. sirbanum indicates source areas in the
upper Mono and its tributaries or in the Benin, although some local
breeding might be responsible for the biting rates in May and October.
All flies identified from reinvasion areas in Benin were S. damnosum s.s./
S. sirbanum and probably came in August from the upper Oueme baﬁin éﬁd'
from yet unidentified breeding sites (river 01im or from Nigeria ?),
whereas those observed at Gbassé during June and July presumably came
from untreated breeding sites in the river Sota.

S. soubrense/S. sanctipauli disappeared completely from its former

breeding sites in the lower Mono, after these sites fall dry during
April 1983, and it was replaced at these sites by an almost pure popu-
lation of S. damnosum s.s., at a much lower density of population, how-
ever, Coincidentally, the population was heavily parasitized by mermi-
thids, both in the larval and adult stage. At Djodji, the population of
5. soubrense/S. sanctipauli recovered and came back, almost two years
after the experimental treatment of this area, to its original level

(> 500 00/man/day).

The vectorial efficiency was highest for S. soubrense/S. sanctipauli
(¢ 123 infective larvae per looo biting flies), followed by S. damnosum
S.S./S. sirbanum (@ 58 larvae), but was lowest for S. squamosum (4 29
larvae), probably as a result of the Tow receptivity and the high pro-
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portion of bloodmeals on non-human hosts of this species. Both S

soubrense/S. sanctipauli and S. damnosum s.s./S. sirbanum seem to
possess an higher vectorial efficiency in the southern areas of Togo

than in the northern savanna, where S. soubrense/S. sanctipauli hardly
plays any role in the transmission of disease, due to 1ts rareness

and to its reduced life-expectancy. However, more data are necessary
to substantiate these supposed variations in the vectorial efficiency
within one group in different bioclimatic zones.

The studies on the dispersal of the fly-populations showed, that
the village Djodji is exposed, at a distance of 1700 m from the river,
to nearly 50 % of the total parous biting rate, measured at the usuai
0CP-fly-catching site at the river bank (S. soubrense/S. sanctipauli
mainly). At M6 & MG, where there were mainly reinvading 5. squamosum
flies, a small hamlet at the same distance {1500 m) from the river
was only exposed to about 5 % of the corresponding biting rate. At
Alamassou, where all three vector groups were prevalent, the village
was exposed, at a distance of only 300 m from the river, to about 30 %
of the parous biting rate. These results show again the low vectorial

efficiency of S. squamosum and the very local transmission by rein-
vading flies.

Although some arguments indicate the existence of two ‘strains’ of
0. volvulus in Togo, the situation is far from being clear and more

data, both medical and entomological ones, are necessary to substantiate
this supposition.

8. RECOMMENTATIONS

The huge amount of entomological data, collected by routine OCP-
fly-catching and dissections, by the cytotaxonomic identification of
larvae samples and by the number of consultants over the past years,
should be criticaly analysed, in the 1light of the following questions:
What is the vectorial efficiency and the amount of transmission by each
of the three vector groups, during dry- and rainy-seasons and in dif-
ferent bioclimatic zones of Togo and Benin ? Is there any further evi-
dence for the existence of different Simulium-Onchocerca compiexes 1in

this part of West-Africa ? If necessary, existing preserved material
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(flies) could still be examined. Actually, those flies only classed

nulliparous or parous during the past rainy season, are identified
and dissected at Tlbingen.

The occurrence and the species-composition of fly-populations
should be studied during the dry season, especially during the months
of March and April, and the few remaining breeding sites should be
mapped in view of a future larviciding campaign during thTS“period‘of
the year. There is fonded hope, that the populations of S. soubrense/
S. sanctipauli could be substantially reduced with a ]ong-]astihg
effect by only few treatments and there is enough evidence, that a
possible re-population of the treated sites by S. squamosum or S. dam-
nosum s.s./S. sirbanum would probably result in a reduced rate of

disease transmission. However, the needs of the insecticide-screening
team at Lomé should be duly considered.

The different receptivity of S. squamosum to infections by 0. vol-

vulus could be investigated in a series of cross~transmission experi-

ments, by feeding flies from Mo & MO and southern and northern areas
of Ivory Coast (and possibly from the Kumba area in Cameroon) on human
infections from the same and different areas. Such experiments would
indicate, whether there exist different strains of S. squamosum (in
this case: S. squamosum s.1.) or of 0. volvulus (: s.1. ?) - or even

different strains of both parasite and vector.

The trend of decreasing biting rates, observed at most of the
catching sites in Togo and Benin during the last years, should be
compared to more data from other fly-populations in similar zones of
Ghana and Ivory Coast. The variation of the ABR at a given site could
be compared to other parameters like the river's water level and dis-
charge, the species composition of the fly-population and the density
of human and animal populations around this site.

The differences in the morphology and in the caryotype of various
S. soubrense/S. sanctipauli ('Beffa') populations merit further atten-
tion, in particular in the western zones of the distribution of this
form, where it approaches the areas of distribution of S. soubrense
and S. sanctipauli sensu Vajime & Dunbar.

The influence of mermithids on the size of the fly-populations and
the reasons for the low proportion of parasitized S. soubrense/S. sancti-
pauli flies should be investigated further,



