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THE CAUSE OF OCCASIONAL HIGH COUNTS
OF AN. GAMBIAE IN MORNING PYRETHRUM SPRAY
COLLECTIONS IN HUTS SPRAYED WITH FENITROTHION,!
KISUMU, KENYA

G.P. JOSHL? R, E, FONTAINE,® K. THYMAKIS ¢ axp G. D. PRADHAN *
World Health Organization, ACRU-II, P.0O, Box 1426, Kisumu, Kenya

InTrODUCTION. The organo-phosphorous
insecticide, OMS-+43 (fenitrothion) was
shown by entomological evaluation to be
highly effective in reducing hut densities
of the malaria vectors An. gambiae and
An. funestus in a Stage VI trial ® carried
out near Kisumu, Kenya in 1969-1971.
A 40 percent and a 50 percent water dis-
persible powder diluted to 5 percent con-
centration was applied as a residual spray
to the interior mud wall and thatch ceil-
ing of sleeping huts and other buildings
in the family compounds in the trial area.
The evaluation was based on four rounds
of spraying from August 1969 to October
1970 cach applied at a target dose of 2g/m?
spaced 3 to 4 months apart.

The entomological evaluation consisted
of fortnightly morning pyrethrum spray
collections from sleeping huts in five ento-
mological stations in the sprayed area and
three stations in an unsprayed comparison
area, (Fig. 1) together with exittrap cap-
tures, night biting collections, bioassays
of sprayed surfaces and air bioassays in-
side sprayed huts.

Throughout the trial, the average hut
density recorded in the pyrethrum spray
collections in the sprayed area seldom ex-
ceeded one An. gambiac per hut up to
6 months following the last spray round.
A pronounced resurgence in the hut den-
sities of the species was not observed until
8 months after the fourth round of spray-
ing.

10MS-43: 0,0-Dimethyl 0-4-Nitro-meta-tolyl
phosphorothioate.
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The reduction of An. funestus hut den-
sities was cven more dramatic as there
was no evidence of a recovery up to the
time the evaluation was concluded in May
1971, nearly 1o months after applying the
fourth round of spray. The results of bio-
assay tests indicated that OMS-43 had a
slow knock-down effect on An. gambige.

Despite the excellent control achieved
with OMS-43, there were occasions when
morning pyrethrum spray collections ex-
ceeded one An. gambige female per hut
as early as 11 days after a spray round.
For example, out of a total of 206 morn-
ing collections made from the five ento-
mological stations in the sprayed area
(A B CDE) Figure 1, there were 17 col-
lections with counts exceeding one and
up to as many as five An. gambiae females
per hut. Of special significance was the
high proportion of animal-fed An. gambiac
in precipitin tests made of a sample of the
engorged females in these collections.

Since it is the custom for people living
in the trial area to keep their cattle penned
up during the night in corraltype en-
closures near their sleeping huts, the cause
of the occasional high counts was attrib-
uted to unusual numbers of cattlefed
An. gambiae entering houses in the carly
morning hours. A similar feeding and
resting behaviour had been reported by
Smith (1958) in studies made in the Pare-
Taveta area of Fast Africa. He found
that a high proportion of An. gamébiae that
had fed on cattle outdoors were resting
inside sleeping huts during the day and
he noted further that the ingress of the
mosquitoes occurred at dawn and early
morning. Also, Smith and Wietz (1959)
in the same area of East Africa, deter-
mined by precipitin tests the presence of



Mosquito NEws

VoL. 33, No. 1

[/
A

zmv‘b\g‘l_u

3
€T}T[llll‘,‘\.’.\. ':,
P, et T
AT Y .
1\-‘-‘""./ Ry 4 :,\
(L r
%

A
I,””

/
Maw fipp i heygan ,pl,\“\\

L "

A

M
W e e e W
e A I
w Yoy g, '“"' LY

A .

Yowr e o g, .
e WE N7 WE gy

Y
¥ one 'y
w

Y

L AKE Vyey . ",
VICTORIA @ 1 3 : 5M
3 3 4 5 & 7 ¢K

F16. 1.—OMS43 Stage VI Trial Area, WHO/ACRU 11, Kisumu, Kenya.



MarcH, 1973

Mosquito News 31

a large proportion of cattlefed An. gam-
bige resting in huts during the day.

With such a pattern of feeding and
resting behaviour prevailing in the An.
gambuae population, it would be expected
that a morning collection of surviving
mosquitoes from sprayed huts would yield
a higher proportion of cattle-fed A4n. gam-
bige than human-fed, which feed and rest
indoors and, accordingly, would be sub-
ject to a much higher mortality rate due
to longer insecticidal exposure.

To confirm whether the ingress of cat-
tle feeding An. gambiae in the morning
was the cause of the occasional high counts
observed in the Kisumu Stage VI trial,
a study was undertaken to determine:

(1) the difference in numbers of An.
gambiae collected in early morning and
late afternoon in sprayed huts compared
with unsprayed huts,

(2) the proportion of engorged An.
gambiae precipitin positive for human and
animal blood in morning and afterncon
collections.

The study was also augmented by bio-
assays to confirm the period of time re-
quired for knock-down of An. gambise
females in contact with surfaces sprayed
with OMS-43 and also the airborne knock-
down effect of the insecticide in sprayed
huts. Since a slow knock-down of An.
gambige had been noted in bioassays of
OMS-43 made in the Stage VI trial, it was
felt that this might have contributed to
the occasional high counts.

MeTHops oF Stupy. A study site was
selected in the Kano Plain area at a place
called Wawidhi ‘B’ located 17 miles south-
east of Kisumu (Fig. 2), where the local
people live in family compounds called
“Bomas.”

A Boma typically consists of a group
of 5 to 6 sleeping huts, several small ani-
mal shelters, grain storage huts, and one
corral centrally located where cattle are
penned overnight. The Bomas are usually
surrounded by a dense hedge consisting
of an admixture of shrubs, (cactus, eu-
phorbia, thorns) sometimes interspersed
with trees.

The study Boma contained five slecp-
ing huts, a cattle corral and the usual
animal and granary shelters (Fig, 2).

Two of the five sleeping huts were re-
sidually sprayed with a 40 percent w.d.p.
formulation of OMS-43 at a calculated
dose of 2g/m® These were designated
huts 8; and S,. Two other huts desig-
nated C; and C, were left unsprayed to
serve as checks or comparisons for the
sprayed huts.

PyreraruM SpraY CorLEcTions, At fort-
nightly intervals, pyrethrum spray collec-
tions were made from the sprayed hut
Si and the unsprayed Cy at o700 hours.
On the same day an afternoon collection
was made at 1400 hours from huts Ss
and C,. Four days later the collections
were repeated in reverse order with col-
lections from huts S, and Cs taken in the
morning and $; and C; in the afternoon.

This collection routine was followed
for 3 months from June to September
1971 inclusive. The mosquitoes captured
were recorded by date, hour and number
of An. gambine females. The engorged
females were prepared for precipitin tests
to determine the proportion positive for
human and animal blood. About one-
half of the fed specimens were tested.

Broassay. Bioassays of mud and thatch
surfaces sprayed with OMS-43 at 2 g/m?
were made to establish the length of the
exposure period required to obtain a 100
percent knock-down of An. gambiae fed
females. As shown in Figure 1 the test
hut was located at Nyaghongo in the same
entomological station where bioassays had
been made previously in the Stage VI
trial.

The earlier results had indicated a slow
knock-down action of the OMS-43 even
on surfaces sprayed three and four times
at intervals of 2 and 3 months apart. The
test huts used for the present bioassays
were previously sprayed four times, the
last spraying having been applied 10
months before the fifth application of 2
g/m* on which this bioassay was made.
Just prior to the sth application bioassays
of the ten-month-old residues showed a
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continuing insecticidal action (8o percent
mortality on mud surfaces and 35 percent
on thatch).

In conducting the test 3 W.H.O. bio-
assay exposure chambers each containing
ten An. gambiae insectary bred, fed fe-
males were placed in contact with the
sprayed mud walls and thatched ceiling.
The time taken to obtain complete knock-
down of all the test mosquitoes was re-
corded. Nine such tests were made at a
fortnightly interval, beginning 7 July,
1971, 12 days following the application

of the insecticide and were concluded 22

September 1971, 8g days later.

Arr-roassav. At another site at Wath.
orego located about six miles north of
Kisumu (Fig. 1), air bicassays tests were
routinely made to determine the airborne
effectiveness of OMS-43. These tests were
made in five sprayed huts used as ento-
mological station in the Stage VI trial as
described for the surface bioassays. In
this test ten An. gambiae insectary bred
females were placed in each of five 6” x
4" x4" wire mesh cages hung overnight
for 12 hours, 50 cm. away from the sprayed
wall. After an exposure of 12 hours, the
mosquitoes were removed and placed in
paper cups and the numbers knocked
down recorded. To determine the sur-
vival rate they were held for a period of
24 hours and the mortality noted,

RESULTS

MorniNg AND AFTERNOON COLLECTIONS.
The number and average hut densities of
An. gambige females recorded in morning
and afternoon pyrethrum spray collections
in the sprayed and unsprayed huts at the
Wawidhi ‘B’ study site are shown in Table
1. The data indicate that morning col-
lections in the sprayed huts yielded a much
higher number of An. gambiae females
than afternoon collections. This was a
consistent observation in all of the 14
collections made during the go-day period
of the study. The collections averaged
13.4 An. gambiae females per hut in the
morning compared with only 2.4 per hut
in the afternoon.

In contrast, high numbers were recoy-
ered in both the morning and afternoon
collections in the unsprayed comparison
huts which averaged 70.9 and 68.4 An.
gambiae females per hut respectively.

Precrerriy Tests. The data from pre-
cipitin tests made of the engorged An.
gambiae in the morning and afterncon
collections in the sprayed and unsprayed
huts are shown in Table 2.

The morning collections in the sprayed
huts yielded a high proportion of animal-
fed females averaging 78.3 percent of the
total number tested (120) in the 14 col-
lections. But in the unsprayed compari-
son huts the animal fed specimens repre-
sented only 32.4 percent of 207 engorged
females tested.

In the afternoon collections the number
of An. gambise engorged females taken
in the sprayed huts was very low totaling
only 13 mosquitoes in 14 collections out
of which only one was positive for human
blood (6.7 percent) and 14 for animal
blood (93.3 percent). The number of fed
temales (252) in 14 afterncon collections
in the unsprayed comparison hut was
also high, but there was a substantial in-
crease in the percentage animal-fed (51.6
percent) over the morning collections.

The results of the precipitin tests of fed
females (252) taken in 14 afternoon col-
lections in the unsprayed comparison hut
showed a striking increase in the propor-
tion animal-fed (51.6 percent) over the
morning collections (32.4 percent). Pro-
portionally the human-fed declined from
67.6 percent to 48.4 percent during the
corresponding period.

Broassay Trsts. The results of bioassay
tests made to determine the knock-down
of An. gambiae in minutes by days after
spray on mud and thatch surfaces are given
in Table 3. The data show no knock-
down in the first 30 minutes exposure
period on mud and thatch surfaces
throughout the period of the trial from
12 days to 89 days after application of
the spray.

The first knock-down of any mosquito
did not occur until after 1 hour of ex-
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posure on mud walls and 1% hours on & g 5
thatch and continued at this slow rate up - ot IR i
to 6o days after spraying. During the g ‘;g B
concurrent period- total knock-down took b o
2 to 3 hours on mudwalls and from 3% Y
to 6 hours on thatch. g 2! e
From post-treatment days 75 to go, the =] g3
exposure period required for the first 5|8 &
knock-down on mud walls and thatch ex- E T ol ocooocs
tended to 2% hours, For complete knock- 3 £1%4 =
down, the exposure period was prolonged - ,§ a4
from 5% to 6 hours on mud walls and = BN
from 6 to 8 hours on thatch. g -
AmsornE Errecr or OMS-43. Data on 5
the airborne effect of OMS-43 in sprayed v g
huts are presented in Table 4. With a 2 gE(a2882as
12 hour exposure, the percentage of knock- B .
down of caged insectary bred An. gambiae ~
fed females is seen to decrease progressively )
in time after spraying. However, the g
percentage  knock-down remained at a s S o
high level (above 80 percent) through T o ® Do
the 43rd day after spraying, Thereafter g 95 SRR
the mortality was less than 50 percent. f B )
Drscussion anp Concrustons. The re- -
sults of this study support the observation g
of Smith (1961) that An. gambise feeding P PP
outdoors on cattle and other domestic Sk g8
animals at night do enter huts in the early 5%; w | 6 0o oro
morning for daytime resting. This was <l 48] gwes v 9
N R . ~ 0] 83 0w mtw
confirmed in this study by the considera- o ||E B "
ble numbers of animal-fed An. gambiac £ & o
found in the morning pyrethrum-spray i~ &
collections in both the sprayed and un- g
sprayed comparison huts. The fact that H i
the proportion of animal-fed An. gambiae b g g
to human-fed was much higher in the ] 2l 20R83%| &
sprayed huts and the reverse in the un- g - <
sprayed comparison huts is attributed to o .8
longer insecticidal exposure of the human- _§ A%
fed component of the population while I g8
resting and feeding indoors at night. The g g . B8
presence of a small number of human-fed 3; S| =m0 XISl I
females taken in the morning collections 8 g & e
in the sprayed huts probably represents = g5
a segment of the indoor feeding popula- Y £3
tion which entered the huts to feed and g - gg
rest just before dawn. Such pre-dawn 4 § S,J,E
ingress and feeding of An. gambise in | g 8
> . SRl 0| S0
Kenya was reported by Haddow (1954), N B8 SHS T NS & 5
8 gl |TonemenES
Eila o
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Van Someren ¢z al. (1958), Teesdale
(1959) and Smith (1961).

Another reason for the considerable
numbers of An. gembiae taken in the
morning collections in the sprayed huts
is due to the slow knock-down effect of
OMS~43 which was shown in bioassays
to take 3 and 4 hours for complete knock-
down on sprayed mud surfaces and 4
hours on thatch even with fresh insecticide
deposits only 12 days old. As a result the
An. gambiae entering the sprayed huts
early in the morning to rest were still alive
at the time of the morning collection at
0700 hours. Presumably a faster acting
insecticide with a knock-down of 1 hour
or less would have reduced the morning
collection to a fraction of the numbers
observed.

Of special interest was the marked in-
crease in the proportion of animal-fed Az.
gambiae to human-fed in the afternoon
callection in the unsprayed huts. This
change suggested day time ingress of
animal-fed An. gambiae after the 7 am.
collection, also observed by Van Someren
et al. in studies of An. gambige behaviour
made near the Kenya Coast.

The greatly reduced numbers of An.
gambiae taken in the afternoon collection
from the sprayed huts compared with the
morning collections are attributed to pro-
gressive mortality of the daytime resting
population from insecticidal action of
OMS-43 rather than from natural causes.
This is clear from the collection data from
the unsprayed huts which showed no ap-
preciable difference in the average num-
bers taken between the morning and after-
noon collections, thus indicating a low
natural mortality of daytime resting A#.
gambiae.

Although OMS-43 exhibited an air-
borne effect on An. gambize, the knock-
down action was not considered rapid
enough to have reduced appreciably the
number of animal-fed An. gambiae enter-
ing the sprayed huts at dawn an hour or
s6 before the morning collections at 07700
hours.

Smith (#64d.) in studies at Pare-Taveta,

Tanzania, observed a higher hut ingress
rate of animal-fed An. gambiae in places
with little vegetation. The study site at
Wawidhi was also sparsely vegetated
around the Boma. Under the circum-
stances it appears that some of the animal-
fed An. gambize which had remained out-
doors later in the morning were induced
to enter nearby huts due to the increasing
intensity of sunlight and rising tempera-
ture with the advance of the day. This
additional ingress augmented the animal-
fed population of An. gambiae resting in-
doors, thus increasing the proportion of
animal fed to human fed specimens in the
afternoon collections.

It is concluded from this study that
the early morning pyrethrum spray col-
lection does not accurately reflect the ef-
fectiveness of a slow knock-down residual
insecticide such as OMS—43. This is par-
ticularly true in the Kisumu, Kenya area
where the man and his domestic animals
live in close proximity with indiscriminate
feeding on both hosts and day-time resting
in huts. A more accurate assessment of
the insecticidal effect should be obtained
by delaying the collections until late after-
noomn, after the full impact of the insecti-
cidal action on the day-time resting popu-
lation had occurred.

SuMMARY

An entomological evaluation of the ef-
fectiveness of fenitrothion (OMS-43) as
a residual spray in houses for the control
of An. gambige in a field trial near Kis-
umu, Kenya, showed on occasions higher
than expected house densities of An.
gambiae in morning pyrethrum spray col-
lections as early as 11 days after spraying.

These findings suggested insecticidal
failure but this was shown not to be the
case according to the results of this special
study in 1g71. Tt was established that the
occasional higher house resting densities
were mainly due to animalfed An. gam-
biae which had entered the sprayed houses
at dawn for day-time resting after having
fed outdoors at night on cattle and other
domestic animals penned near the houses.
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Due to the short period of insecticidal
exposure between the time of house entry
at dawn and the time of collection at o700
hours there were still many survivors.
When the' collections were delayed until
the afternoon there were few survivors,
averaging less than one per house.

Bioassay tests made of fenitrothion resi-
dues on mud walls and thatch surfaces
in this study confirmed a slow knock-
down rate for the insecticide, taking 3 to
4 hours to produce 100 percent kill on
relatively fresh deposits. It was concluded
therefore, that evaluation of the insecti-
cidal effect on resting An. gambiae would
be more accurately determined by after-
noon collections in an area such as Kis-
umu, Kenya where a proportion of An.
gambiae population feed on domestic ani-
mals outdoors at night and enter houses
at dawn for day time resting.
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