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NOTES ON SERIAL ISSUES

The document Part I has been processed in serial issues as follows:

The first issue: VBC/84.6-MAP/84.3 covered the following:

PREFACE
INTRODUCTION
ACKNOWLEDGEMENTS
SECTION I
SECTION II

The second issue: VBC/85.1-MAP/85.1 covered the following:

SECTION III VECTOR BIONOMICS, MALARIA EPIDEMIOLOGY AND CONTROL ‘BY GEOGRAPHICAL AREAS
(A)  WEST AFRICA and ANNEXES I & II

The third issue: VBC/85.2-MAP/85.2 covered the following

(B) EQUATORIAL AFRICA
(C) SOUTHERN AFRICA

The present issue: VBC/85.3-MAP/85.3 is the last ome covering the remaining geographical
areas:

Page
(D) EAST AFRICA 4
(E) EASTERN OUTER ISLANDS 163
(F) SOUTHWESTERN ARABTA 211

For the reader's convenience, the map shown as Fig. 1 in the first issue has been
reproduced here for orientation to the arbitrarily divided geographical areas. It should be
pointed out that although the literature search ceased at end December 1983, some published
and unpublished WHO reports have been included as they became available in 1984,
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SECTION III (D) EAST AFRICA

Brief notes on literature

The area covered by this section is shown in Fig, 1. As adopted in the foregoing
geographical areas, compilation of information essentially starts from 1965 onwards, but
recapitulation from earlier literature is selectively made as necessary. There is a wealth
of literature from old studies in East Africa and it is not possible to present a summary of
these within reasonable space. Apart from those recapitulated under the appropriate headings
below, it is useful to give brief notes from a number of selected references, by country,
since most of these have frequently been cited by various workers in recent publications on
vector aspects in the African Region. Compilation of these notes and more recent information
in the text below proceeds from the north (Sudan) to the south (Tanzania) in the present
geographical area.

Sudan:

~ - Lewils (1949) described the methods applied for extermination of An. gambiae s.l. from
Wadi Halfa during 1945-1946 to minimize the chances of this species invading Egypt, after
its eradication from the country (see under 1.1.2 below).

= Lewils (1956) compiled and mapped records of the distribution of anophelines in Sudan and
made additional notes on the northern limits of An. gambiae s.l. and on its reappearance
in the Wadi Halfa area 10 years after the extermination campaign was discontinued.

=~ Lewis (1958a) made ecological notes on mosquitos of the Blue Nile valley with special
reference to An. gambiae s.1. Notes were made on the breeding conditions and seasonal
prevalence of this species in relation to irrigation of crops and rainfall in the Gezira
area and to the old control measures initiated in 1925, These measures consisted of ;
farmers bailing water out of all small irrigation canals within three days of the end of
each irrigation cycle, pumping and drainage of rain water pools from low lying areas.
Larvicides such as paris green and later DDT in malariol or crank-case 6il were used as
substitutes for bailing which was found laborious and became unpopular apart from
exposing the people to the risk of schistosomiasis infection. The use of Gambusia fish
was found effective in a few areas with small permanent water channels.

Ethiogia:

- Mara (1950) reported the results of epidemiological/entomological studies carried out
during a five year period in the Tesseni area and some localities of the western
provinces, with the aim of assessing the effect of agricultural development hitherto
undertaken on malaria. Several anopheline species were recorded but attention was
focused on the conditions favouring the breeding of An. gambiae s.1,, created by the vast
irrigation system and the possibility of epidemics developing among agricultural
labourers coming from other areas.

= Gaiquinto-Mira (1950) compiled all correctly identified records of anopheline and culcine
mosquito species reported by previous workers (including the published work of Carradetti
on anophelines) in Ethiopia adding his own data. The geographical distribution of 31
anopheline species, with notes on their biology and role in malaria transmission, were
assembled. An. gambiae s.1. was considered the most dangerous vector because it was
responsible for malaria epidemics in almost all districts and was adaptable to a variety
of ecological conditions. It existed in all areas at altitudes reaching 2400 m, but
occurred in certain months at higher altitudes, reaching 2400 m or more. The discovery
of a single An. gambiae s.1. female in Addis Ababa, where its larva was not found,
underlines the importance of transportation of this species by traffic from nearby
endemic areas and the possibility of favourable conditions permitting, at times, a
certain degree of activity particularly with autochthonous malaria cases being recorded
yearly in the city. An., funestus s.s. was the second important vector and recorded in
several areas but less extensively than An. gambide s.1.. An. pharoensis, according to
Carradetti’s reports should be considered as an important vector in Ethiopia but with
less extensive distribution as in the case of An. funestus.
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Ovazza & Neri (1955) noting the conflicting views of previous workers in Ethiopia
regarding the altitude limits of malaria endemicity, conducted an anopheline survey in
Addis Ababa - Akaki zone, during their study of Aedes and culicine indices in 1953-1955.
The survey covered the city proper which is at an altitude of 2470-2580 m on Shoa plateau
and extends to Akaki situated at 23 km on the road to the Awash valley at an altitude of
1950-2100 m, where the area of the hydroelectric barrage was also examined. Several
anopheline species were recorded and the conclusions, with respect to An. gambiae s.l.
and malaria, were: it was rarely found in Addis Ababa as an adult and its larvae was
never encountered during the 2-year survey; the small number of adult females of this
species were caught in lower quarters of the city near truck and rallway terminuses, and
cases of malaria were recorded in the same quarters; in contrast, the Akaki area seemed
to be a permanent malaria focus with annual epidemic waves most probably caused by

An. gambiae s.l.; the survey covered two wet seasons which were fairly dry and it is
possible that in wetter years An. gambiae s.l. breeding can be established in the
quarters of the city close to the transport terminuses; it is possible that the warm
water of streams in the Akaki valley would favour the establishment of the species. If
this can be verified, it may reveal that the warm waters of streams in the Filoha quarter
of the city (2470 m) could play the same role as in Akaki, though situated 400 m higher;
although Addis Ababa is not a permanent focus, it seems that An. gambiae can at times
extend its existence to an altitude of above 2000 m and this was in agreement with
Giaguinto-Mira (1950).

Fontaine, Majjar & Prince (1959/1961)l reported a malaria epidemic that broke out in

the latter half of 1958 striking most of the highland area of Ethiopia where at least
four of the central highland provinces were severely affected resulting in high
mortality. The limits of the epidemic ranged between an altitude of 1600 and 2150 m and
malaria immunity in the population was rather low in most of the area. The number of
malaria cases caused by this epidemic was estimated to be not less than 3 million, and
deaths due to malaria exceeded 150 000, A food shortage in 1958, due to crop failure in
1957, contributed indirectly to high mortality in some areas. The responsible vector was
principally An. gambiae s.l. and P.falciparum was the predominant parasite. The main
cause was the unusual weather in 1958; the rainfall exceeded all previous records and was
accompanied by abnormally high temperatures and relative humidity.

Somalia:

Wilson (1949) reported the results of a malaria reconnaisance survey carried out in
May-June 1946 in the former territory of British Somaliland. The territory was divided
into northern foothills, central plateau and southern grazing areas. Slight malaria
endemicity was found in isolated foci in the northern foothills with the possiblity of
epidemic outbreaks. The main area in which serious epidemics were foreseen to occur was
in the south, while there was little if any malaria transmission in the high central
plateau. Entomological searches confirmed that An. gambiae s.l. was the main if not the
sole vector of malaria.

Maffi (1958) reviewed the anopheline fauna in Somalia and added some more species
recorded for the first time.

Maffi (1959) described the malaria control programme with DDT house spraying conducted
during 1956-1957 covering all zones known or suspected to be malarious in an area of
about 220 000 people. The most significant problem that threatened the success of the
programme was the development of resistance in bed-bugs to DDT which led the inhabitants
to oppose spraying. The data hitherto collected on the effect of the programme on the
malaria situation did not permit precise conclusions or forcasts to be made.

The paper was initially presented by Fontaine & Najjar as an unpublished working document
(EM/ME-Tech 2/3) to the Second WHO Regional Conference on Malaria Eradication, Addis
Ababa, 16-21 November 1959, then formally published with more details in 1961. See
reference list under Ethiopia.
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Uganda:

Hopkins (1941) reviewed several observations made by previous workers on the range of
flight of An. gambiae s.l. and An. funestus and called for distinction between "the
maximum range” and "the maximum effective range” defining the latter term as the range at
which a species might occur in sufficient numbers to cause an appreciable amount of
malaria infection. A series of observations were conducted at Mwiti and Jinja in the
vicinity of Lake Victoria involving location and inspection of An. funestus breeding
places and adult searches in dwellings at different distances from the breeding places,
as well as collecting information on lake~breeze. From these observations it was
concluded that under normal conditions in Uganda, i.e., when breeding places are not
unusually prolific and are situated upwind from the dwellings, neither An. funestus nor
An, gambiae s.1, ‘would fly more than half a mile (0.8 km) in sufficient numbers to be of
importance, so that the few which could fly further could be dealt with through personal
protection measures such as house screening or use of bed-nets, etc. In contrast, when
breeding is exceptionally extensive as at Mwiti, the effective range may reach two miles
(3.2 km) or more, depending 'on the evening breeze. The available evidence suggests that
the effective range is reduced under unfavourable wind conditions.

Haddow et al. (1951) after publishing a series of papers on mosquitos of the Bwamba
county during the 1940's, gave brief notes on the behaviour of all species encountered
whether or rnot they were likely to be .involved in yellow fever epidemiology. The authors
explained the descriptive terms they used to classify the abundance of a species. On

 An, gambiae s.1. the notes showed: "its biting man (landing catches) by day in forests,

hutsrgnd tents was not uncommon; its biting by night was abundant in the same sites, very
common in canopy and common in plantation and open ground; its distribution in forests

‘was very uneven and it was usually abundant in uninhabited areas but was scarce or

apparently absent where huts were common; its larvae and pupae were found in ground pools
(typical sunlit puddles) in forests away from the nearest dwellings but were not
encountered in shaded forest pools and were scantily presented in.slow moving streams

"where its larvae was found in tepid water with high salinity flowing from hot springs.

[Tt ‘should be recalled that species D of the An. gambiae complex was discovered 20 years
later in Semliki forest, Bwamba county - see SECTION I under 1.1.2 and 1.1.3 in
VBC/84,6-MAP/84.3.] ' : : :

Davidson (1955) studied the principal factors involved in malaria transmission in the
northern province of Uganda, aiming at comparing the pattern of transmission at the
cooler altitude of the East African plateau with that of the hot humid coastal conditions
in Tanzania which was previously studied by Davidson & Draper (1953) - (see below). The
study was carried out in 1952 in the swampy Lango district north of Lake Victoria,
covering an area of about 8 km radius around Lira town situated at an altitude of

1000 m. The study showed that: malaria was holoendemic and the parasitological
inoculation rate was estimated as one infection every two months; the density of

An. gambiae s.1. and An. funestus compared with that in the coastal area of Tanzania was
rather low but the sporozoite rates of the two vectors were quite high: 14.6% and 6.2%
respectively; ‘the entomological inoculation rate (EIR) was estimated '‘as one infection
every three days; sporogony cycle of P.falciparum was completed in 14 days; the daily
mortality of An. gambiae s.l. and An. funestus was estimated to be 3% and 7% respectively
and accordingly the probability of survival through the sporogony cycle was 0.36 for

An, gambiae s.1. and 0,36 for An. funéstus; both Vvectors were entirely anthropophilic
with‘An.igambiae s.l. feeding on man every second day and An. funestus once every 2 days
during about half the observation period and once every 3 days during the other half.

The basic reproduction rate was of the order of 1600 secondary cases arising from a
non-immune primary untreated case surrounded by non-immunes and to reduce this rate below
one, vector control by imagocides should increase the daily mortality of both vectors to
30% and even to maintain it at more than 50% among the proportion of these vectors
entering houses. Compared with the Tanzanian coastal area, control of the two vectors
should be less difficult in the plateau area of Uganda because of their much lower
densities. : : ‘ , ‘

Kenya

Garnham (1945) reported the occurrence of malaria epidemics in areas at high altitude in
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Kenya. In Londiani (120 km from Kisuma) at an altitude of about 2300-2400 m, an epidemic
broke out for the first time in 1941 and then occurred on a milder scale in subsequent
years (May-July). Most of the cases were P. falciparum and a few were P. vivax. In
1944, a P, falciparum outbreak struck a farm situated at about 36 km from Londiani at an
altitude of about 2500~2600 m but lasted only for two weeks. An. gambiae s.l. was found
in both places and was regarded as the probable vector. Indications were obtained from
climatic records that breeding of this species could occur at 2600 m only during March
but would continue during March-May at an altitude of 2300 m., Temperature records
suggested that sprogony could be completed indoors, where An. gambiae s.1l. spent most of
its life, in houses where the temperature was several degrees higher than outdoors. The
outside environment was too cold to allow any development. It was assumed that

An. gambiae s.l. was introduced annually by road or rail transport and this was partly
confirmed by the finding of 63 An. gambiae s.1l. in searches made in train coaches .
arriving at Kisumu in 1943 and 1944, '

~  Grainger (1947) reported the results of experiments for control of mosquitos in rice
fields. In 1942, because of a severe shortage of rice in Kenya, schemes for its
production on a large scale were started. One of these schemes was near Kisumu covering
200 acres. It was decided to attempt to control mosquito breeding by intermittent
irrigation. 1In the first season, 12 plots were put under a scheme of intermittent
irrigation and one plot under continuous irrigation as a control. The scheme varied from
a 3~day irrigation period followed by a 7-day dry spell, tao a 5-day irrigation period
followed by 4-day dry spell. To prevent larvae being introduced from the main channel,
small cloth booms were placed across irrigation canals and pushed down well below the:
surface of the water. The results clearly showed that prevention of mosquito breeding by
intermittent irrigation was unsuccessful, for a number of larvae and pupae were found in
each plot, although the actual numbers were lower than. in the control plot. The lack of
success was mainly due to the length of time it took to dry off the plots completely.
Fven when this was accomplished, sufficient time usually had elapsed for many mosquitos
to emerge. The trial was continued for another season. In addition one plot was stocked
with Gambusia affinis holbrookii, and another was treated with oil from a dripping can.
The second season coincided with rains and did not produce rice in quantities comparable
to those of the first season. On the other hand, conditions were more favourable for
mosquito production and the paddies took even longer to dry up. The results confirmed
the lack of success of the intermittent irrigation as experienced in the first season.
Gambusia had little or no effect probably due to the thick growth of vegetation and to
the low number of fish stocked. This, despite the fact that the fish seemed to flourish
and increased from 97, the original number stocked, to more than 1200 in four months.
The oil drip method proved to be effective. The amount of oil was measured but it was
possible to find out by testing, the correct rate which varied from about 10-12
drops/minute to a fine trickle from the tap depending on the various water speeds in the
narrow irrigation canal. A watch was maintained to ensure. that the oil was not applied
too heavily, as it appeared to burn the rice plants, while a low dosage produced too fine
a film that banked up on vegetation at the entrance of the plot. Attempts were made to
overcome this. With regard to mosquito species, An. gambiae s.l. was a persistent -
breeder in the paddies throughout the two seasons and likewise An. pharoensis. :
An. funestus and An. coustani appeared in the third month of each season and seemed to be
affected by intermittent irrigation, while their numbers were considerably higher in
plots under continuous irrigation. To estimate the number of mosquitos, a large portable
cage covering a surface area of about 13 m? was placed in various parts of the
paddies. Large numbers of mosquitos were obtained even of the species which were not.

recovered as larvae. The production of An. gambiae s.1. in June was estimated at about
1000/acre/day. » :

Tanzania:

- Clyde & Shute (1955) noted that the usual technique of collecting mosquitos in:selective
feeding observations was open to serious criticism because of the possible disturbance to
mosquitos and sleepers that arises from the presence of a collector in charge of mosquito
capture. Therefore, an attempt was made to develop a technique that avoids such
interference. This was based on comparison between leucocyte counts (limited to
eosinophil, polymorphonuclear and mononuclear cells) in thick blood smears taken from
human subjects sleeping in huts and from bloodmeals of mosquitos collected by PSC.in the
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same huts. Mosquitos were dissected dry and then the bloodmeals were mixed with a drop

‘of saline in order to prepare thick smears. The method of staining of the smears was

described and an example was given of the frequency of different white cells in a typical
family of different age groups.

Clyde & Shute (1958) investigated whether An. gambiae s.1. and An. funestus would
selectively feed on certain age-groups among the African population. For this 36
volunteers of different ages (from 6 months to 65 years) slept in their own huts or
specially constructed huts and were exposed to mosquito bites under natural conditions.
In order to determine the distribution of bites amongst age-groups, leucocyte counts were
made 1n stained blood smears taken from the occupants of the huts and the bloodmeals of
mosquitos applying the above mentioned technique. Examination of blood meals of 695

An, gambise and An. funestus caught in 26 nights showed that there was no consistent
preference of the two species to certain human age-groups.

Draper & Davidson (1953) described a new method which they developed to estimate the
probability of daily survival (p) of anopheline mosquitos by determining the immediate
and delayed sporozoite rates. Applying this method on An. gambiae s.1. and An. funestus
collected from a coastal area in Tanzania during September-December 1952 (see below),

p was estimated as 0.93 and 0.92 for the two vectors respectively. [The method is
described by Macdonald (1957) - it has also been mentioned in SECTION III (A) under
1.10.1. in VBC/85,1-MAP/85,1].

Davidson & Draper (1953) studied the principal malaria transmission factors in a valley
on the southern slopes of the Usambara mountains, about 64 km from Tanga on the coast of
Tanzania during September-December 1952 where An. gambiae and An. funestus were the
principal vectors. Examination of the human population showed that malaria was
holoendemic, The parasitological inoculation rate was estimated at one infection every
100 days which was much less than the EIR, estimated as one infective bite every 10
days., Various reasons for this discrepancy were discussed, the most plausible of which
was considered to be the suppression by infants of the majority of sporozoite
inoculations before parasitaemia developed. Selective feeding was thought not to occur
to any great extent. Both An., gambiae s.1. and An. funestus were to be strongly
anthropophilic, feed within 24 hours of emergence but probably require two bloodmeals to
mature the first batch of eggs, subsequently they showed a 48-hour gonotrophic cycle. A
significant proportion of half-gravid An. gambiae s.1. left houses to complete their
cycle elsewhere. The probability of daily survival of the two vectors was determined by
the new method (as shown above). The basic reproduction rate was extremely high
(2000-5000 secondary cases). Vector control by imagocide should aim at increasing the
daily mortality from 7-8% to at least 45% but in view of certain degree of vector
exophily, the mortality should not be less than 60% among those abounding in houses. In
this study, the authors determined the duration of sporogony of the local strain of

P, falciparum by experimental infection in An. gambiae s.1l. as 13 days under a mean
temperature of 25,8°C. Gland dissection made on wild caught An, gambiae s.1. and

An. funestus on successive days after capture, showed maximum sporozite rates at days
11-13, :

Gillies (1953) conducted a series of observations on the duration of the gonotrophic
cycle in An., gambiae s.l. and An. funestus during a 7-8 month period at Tengeni village,
42 km inland from Tanga. An experimental hut fitted with entry slits allowed mosquitos
to enter and naturally bite two occupants from 20.30 h to 05.30 h when the hut was closed
with shutters and bloodfed mosquitos collected by hand capture. The mosquitos were then
confined to small cages until the following morning when the species were identified and
transferred to oviposition cages placed in the same hut until the eggs were laid. When
the mean temperature was above 25.6°C the gonotrophic cycle lasted for two days in both
species. When the temperature was below 23.39C the cycle in An. funestus lasted for
three days but in the majority of An. gambiae s.1. the cycle was still two days.
Obviously these observations could not provide information on the duration of the other
two phases of the gonotrophic cycle, i.e., the time needed for search of a host after
oviposition and that spent in search of a breeding site for oviposition.

Gillies (1954a) made a comprehensive study of the outside resting populations of
An, gambiae s.l. and An. funestus over a period of more than 20 months in an area around
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Tengeni which is typical of the foothills of the Usambara mountains. Sampling of the
outside resting population was made by searches in natural resting sites and by means of
artificial box shelters buried in the ground in shaded sites; catches from the latter
gave a valid sample when sited at a distance from houses. F and G females of

An. gambiae s.l. constituted 67% of the total outside resting population, the latter
group was 4.5-12 times as numerous as the former. Less than half of An. funestus females
were unfed, the remaining part of the catch were G females. Building a hut in the
vicinity of a box shelter drastically reduced the numbers of mosquitos resting in this
shelter., The outside biting activity of the two species had a negligible influence as a
source of outside resting females. In the study area, outside resting of both vectors
occurred regularly during the 2nd and 3rd day of the gonotrophic cycle.

~ Gillies (1954b) pursuing observations in the same area, studied the exodus of
An., gambiae s.1, and An. funestus females from experimental huts fitted with entry
shutters and exit window traps. Also the composition of the populations of the two
species resting indoors in day-time was studied in collections made by PSC in local
huts. Samples of all indoor resting and trap catches were classified according to the
abdominal stages and from analysis of these data it was deduced that: when the
gonotrophic cycle was two days, about 5% of An. gambiae s,l. left the huts fed, to rest
outside and 50% did so in the gravid state. About 5% of An. funestus left to rest
outdoors when fed and 30% when gravid. In the cool season when the gonotrophic cycle
lasted three days about 50% of An. funestus spent the second and third days of the cycle
resting outside. Re—entry of gravid females of An. funestus into unoccupied and open
types of inhabited houses occurred at dawn.

- Gillies (1954c) further carried out observations on the ovarian development in wild
populations of An. gambiae s.l. by examining hand captured samples collected from local
and experimental huts in a lowland area in Tanzania where this species exhibited a 2-day
gonotrophic cycle. The females were kept alive for 24 hours or until the blood digested,
after which period the catch was classified into two groups: females with ovaries at
stages IV or V. are the "gravids", and those in which the development of the ovaries had
not advanced beyond beyond stage II were termed "pre—gravids”. The pre-—gravids were
defined as "newly emerged females which have taken a single blood meal only and whose
ovaries, as a result, have not developed beyond stage II. A proportion of them may take
more than one blood meal before passing on to the second phase of the gonotrophic cycle
in which development of the eggs occur. Females in this second phase may be called
premigravid”. The pre-gravids may be used as an indicator of changes in the
age-composition of the natural population. The available evidence showed that not more
than 1.4% of old multiparous females in the biting population would require more than a
single bloodmeal in each cycle.

-  Gillies (1954d) continuing the study at Tengeni developed a method to determine the
proportion of newly emerged female population of An. gambiae s.l. from the pre-~gravid
rate. The method of recognizing the pre-gravid females was described. Samples collected
in the morning by hand capture were sorted into freshly fed and gravid females. The
former were held for 24 hours when the gonotrophic was 2 days (with a 3-day cycle the
females should be held for 48 hours). Subsequently the pre-gravid females could easily
be recognized without dissection by their relatively collapsed abdomen., A large
proportion of the pre-gravid females were, however, dissected to check the degree of
ovarian development, the presence or absence of sperm and the condition of the ampullae.
A small proportion of the pre—gravid group was old multiparous females showing
gonotrophic discordance. These were estimated to be about 8% of the pre—gravid
fertilized females. As the mean pre—gravid rate recorded over 53-week catches from local
and experimental houses was about 20%, not more than 1.7% of the total biting population
were old females in need of multiple feeds, With this small proportion, the pre-gravid
rate remained as a valid measure of the proportion of newly emerged An. gambiae s.l. The
gravid females were dissected to determine the sporozcite rate. As the pre-gravid
females are non—infective they were discarded when calculating the 'true' sporozoite
rate. In this calculation, the proportion of old females showing gonotrophic discordance
(1.7%) was subtracted from the pre-gravid rate to give the actual proportion of the
population known to be non-infective, on the assumption that these old females had the
same sporozoite rate as the gravids., The pre-gravid rate enabled the recognition of the
daily fluctuation in the proportion of newly emerged in the population and its relation

PE;
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to rainfall. The monthly sporozoite rate in gravid An. funestus females varied over a
period of eight months from 1.5% to 3.3%, indicating that the density of infective human
population was more or less constant during this study period. In gravid An gambiae s.1l.
the sporozoite rate varied greatly, the range was 2,5-15.4% and greater fluctuations were
observed at weekly intervals. Changes in the age-composition within the population were
responsible for this short-term fluctuation. Analysis of the composition of 21
successive weekly samples in terms of three age-groups: -the pre—gravids, the gravids and
the sporozoite—positive gravids demonstrated the instability and constantly changing
age—composition of An. gambiae s.l. population in the study area. For a proper
assessment of the infective potentialities of this vector, analysis should be made over
an extended period.

Gillies (1955a) applied the technique of recognition of the pre-gravids on An. funestus
in the same area. The pre-gravid rate was 20.7% of fed females of this species; the
composition of the pre-gravids differed in certain aspects from that previously recorded
in An. gambiae s.1. Comparison of monthly variation in the proportion of newly emerged
females of An., funestus caught biting in experimental huts, based on the pre—gravid rate
indicated the relative stability of the age~composition of the population of this species,

Gillies (1955b) during 1-12 December 1952, attempted to estimate the spatial density of
An, gambige s.1. and An. funestus at Tengeni and a surrounding area forming a radius of
about 640 m. The area contained 119 inhabited houses and one experimental hut and
sampling of the indoor resting density was made by PSC.. The total surface area was about
380 acres. Females of anophelines were dissected to record the ovarian stages and the
degree of digestion of blood. The total number of each of An. gambiae s.l. and

An, funestus was estimated at about 15,000, From the data of Gillies 1954 (a & b)
showing the distribution of females at different stages of ovarian development between
the indoors and outside day-time resting sheltérs, estimtes were made of each stage
resting outside. Accordingly, the spatial density of all stages was calculated at about
40 females/acre for each of the two vectors and the outside resting population of each at
about 14-15 females/acre. The seasonal fluctuation in density, as estimated from biting
catches in the experimental hut, varied within a range of 2-48 An. gambiae s.l.
females/acre and 0.5~78 An. funestus females/acre. From this investigation it became

.clear that the very high rate of malaria transmission in the area was maintained by a

relatively small number of the two vectors. This was attributed to the complete
anthropophily of both vectors due to absence of cattle and of other alternative hosts and
to the high survival rate, citing the work of Davidson & Draper (1953).

Gillies (1956) summarized and discussed his observations on the exophily of

An, gambiae s.l. in Tanzania where, in an arid inland area with abundant cattle, the
outside catches consisted mainly of recently fed females, while in a coastal area
(Tengeni) with no cattle, the outside catches were largely UF and G. Other reports of
exophily of An, gambiaé s.l. in Africa were analyzed indicating great variation in
behaviour of this vector in different areas. Some of this variation could be explained
partly by environmental differences particularly with regard to the availability of
different hosts at night and partly by genetic differences in the An gambiae complex. In
studies of exophily, it is important to establish the existence and nature of behavioural
differences and to study in detail the fraction of the exophilic population that survives
the action of systematic application of residual house spraying. The terms of exophily
were defined and certain principles were set for interpreting the data of classification
of the abdominal stages of samples caught from outside shelters as shown in Annex I (in
VBD/85.1-MAP/85.1, pp. 217-219).

Gillies (1957) noting the great discrepancy between the findings of previous authors on

‘the biting cycle of An. gambiae s.1,, decided to conduct observations at Tengeni during

the main rainy season (April=-early June 1953) to check an assumption made by some authors
that certain features of the biting cycle may be attributed to the activity of a
particular age-group of An. gambiae s.1. Two experimental huts in which volunteers slept
allowed entry of mosquitos throughout the night. Mosquitos leaving through shutters were
collected, dividing the night into three trapping periods, thereafter the huts were
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sealed until mosquitos were collected by hand capture in the morning. Females of

An. gambiae s.l. were kept alive until they were dissected the following day, recording
the total catch, number of pre—gravids and percentage of these that were found fertilized
and the number of gravids and their sporozoite rate. As previously, the biting
population was classified into three categories: the pre-gravids, nearly all of which
represented the newly emerged, feeding for the first time; the sporozoite -~ mnegative
gravids of mixed ages which had fed at least once previously; and the sporozoite-positive
gravids, none of which was less than 13-14 days old. Analysis of data showed that the
feeding activity of the newly emerged followed fairly closely that of the older age
groups, in which entry into the experimental huts reached a peak from 2200-0200h.
However, the younger females were slightly more active before 2200h. No difference in
the fertilization rate was observed amongst newly emerged females caught in different
periods of the night. Sporozoite-positive females were caught in all three periods of
the night.

Gillies (1958) comprehensively reviewed the methods of age-grouping of vector populations
viz, the measurement of the ampullae, the qualitative changes in the female genital tract
including those of Polovodova and Detinova, the pre-gravid rate, the immediate and
delayed sporozoite rate, the recognition of the mating plug and the presence of parasitic
mites. The use of a combination of three of these methods was proposed : the degree of
ovarian development, mating plug and qualitative changes in the ampullae and oviduct with
measurements of the ampullae in doubtful cases. These combined methods were applied on
the populations of An. gambiae s.1. in two contrasting environments in Tanzania, one in
the humid coastal lowland and the other in a semi-arid inland area. The combined methods
enabled dividing An. gambiae s.l. females into three groups: group 1, those taking their
first bloodmeal; group 2, those taking their second bloodmeal but not yet oviposited;
group 3, those which have laid eggs at least once. The results showed a reduced
longevity in the inland area. Mark/release/recapture experiments in the coastal area
gave a direct measurement of the true age of the groups: group 1, 1-2 days; group 2, 2-3
days; group 3, four days and over.

[Following the publication of this paper, Dr Detinova presented and demonstrated the
Soviet techniques of age-grouping of vector populations at the L.S.H.T.M. in May 1959,
Subsequently Gillies and his co-workers intensified the application of these techniques
on An, gambiae s.l. and An. funestus populations in Tanzania after an initial assessment
made on these two vectors with the participation of Dr Detinova — see under 1.10.1 below.]

Muirhead-Thomson (1951a)1 provided the basic knowledge on the bionomics of the East
African saltwater species, An. merus2. His observations were conducted during

1947-1948 1in the Dar es Salaam coastal area, Tanzania at Changombe village as a centre of
studies on An. merus and at Kiyogo, 1.6 km inland where freshwater An, gambiae s.l., and
An. funestus occurred. The observations comprised densities of house~resting
populations, exodus from houses by means of experimental huts fitted with exit traps and
the outside resting populations as sampled mainly by pit shelters. As mentioned in
SECTION I (under 1.1.1, 1.1.4,1 & 1.1.4.2), Muirhead-Thomson (loc cit) having found that
An. merus and the freshwater An. gambiae s.l. could not be distinguished by the
characters of the eggs and larval pecten, applied the salinity test with modification.
On the behaviour of these two species, the experimental hut observations showed that
while females of freshwater An. gambiae s.1. exhibited little tendency to leave the
indoor shelter at dawn after feeding, over 1/3 of freshly fed An. merus left the huts at
dawn., Many HG females of freshwater An. gambiae s.l. left the huts at dusk on the night
after feeding. F and G females of freshwater An. gambiae s.l. and An. funestus in the
inland area and An. merus in the coastal area were found resting in outside shelters with
the G females of the first two species being predominant. Dissections showed that while
the sporozoite rate recorded in freshwater An, gambijae s.l. was 9.4%, that of An. merus
was only 0.8%, despite the fact that the two species had equal chances of acquiring the
infection in the same village. About 4% of both species were infected with filarial
larvae but the monthly data showed that the infection rate may reach 22%. Periodical
breeding of An. merus was found to occur in swampy patches of Psapalum grass along the
extreme upper tidal limits that were only reached by the highest spring tides. The most

N =

See reference list, SECTION I, 1.1 in VBC/84.6-MAP/84.3.
The name An.merus Donitz was given later in 1964 - see SECTION I, 1.1.4.4(c).
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dense and continuous breeding was found in shallow, bare—~edged brackish water ponds up to
about 0,8 km inland from the tidal belt which had no connection with the sea; their
salinity was roughly about 50% sea water. Although some previous studies showed that
larvae of An. merus could complete their development in pure sea water, in nature
salinity was found to be a limiting factor before reaching the level of sea water.
Breeding of this species was no longer possible when salinity reached about 83% sea
water. A large Avicennia orchard occupied the main tidal part of Msimbazi creek, in
which no indication of An. merus breeding was found during the favourable season of

1947, It was realized later that the high salinity of the spring tide which flooded this
ground was the limiting factor and that the greatly reduced water flow in the Msimbazi
river was unable to keep the salinity sufficiently low to aliow breeding of An. merus,
Thus, salinity as a limiting factor could explain the restricted breeding of An. merus on
the coast. With the Indian Ocean extending along the coast of Dar es Salaam, the author
proposed that certain coastal freshwater swamps could be cleared of all anopheline
breeding by adding sea water, [As mentioned under SECTION I, 1.3, White (1977b) visited
the Changombe study area of Muirhead-Thomson and found that An. merus breeding habitat
had been changed by urbanization and only An, gambiae s.l. was breeding in rice paddies.]

=~ Smith (1958) studied the feeding and resting behaviour of An. gambiae s.1. in comparison
to An. pharoensis in certain parts of the Pare-Taveta area where large herds of cattle
had access to pasture. The inhabitants kept the herds penned in unroofed enclosures of
thorn bush or stakes. Sampling of anophelines was made at intervals throughout the night
from the walls of these enclosures. Day-time indoor resting mosquitos were sampled from
huts near to and far from these enclosures and the outside resting populations were
collected by searches in natural and artificial box shelters. Collections from the walls
of cattle enclosures at night showed that the density of unfed An. gambiase s.1. increased
between 1900 and 0100h and then declined. The peak of fed An. gambiae s.l. occurred
about four hours after the peak of unfed, suggesting a delay between arrival at the
enclosure and feeding. Information was also given on the time of appearance of unfed and
fed An, pharoensis females at the enclosure. Most females of the two species left the
enclosure wall shortly after dawn with An. gambiae s.1. but not An. pharoensis appearing
in box shelters placed nearby the enclosures. A significant proportion of
An. gambiae s.l., but not of An. pharoensis, that had fed at cattle enclosures were found
resting inside huts in day-time. An. gambiae s.1. could also be found resting in
day-time under eaves and on outside walls of huts near cattle enclosures and most of
these were shown by precipitin tests that they had fed on cattle. Vegetation appeared to
be the principal day-time resting place of An. pharoensis and of a proportion of
An. gambiae s.l. that had fed at cattle enclosures. An attempt was made to calculate the
distribution of An. gambiae s.1. between the outdoor and indoor resting sites in two
villages after feeding on cattle. In Mata village where large herds of cattle were kept
and overgrazing reduced vegetation near enclosures and huts to the extent that the ground
in this vicinity was almost bare, it was estimated that about 90% of An. gambiae s.1. fed
on cattle and that about 1/2 of these rested outside. In Bumba village in the swampy
areas of South Pare where fewer cattle were kept and there was more vegetation near huts
and enclosures, it was estimated that about 60% of An. gambiae s.1. fed on cattle and 3/4
of these rested outdoors. : : '

Compilation of more recent information follows the same system adopted in the foregoing
geographical areas in that the information is being grouped into two subsections: (i) Vector
bionomics and (ii) Epidemiology and control. In this connection, it is useful to refer to
two reviews published about 10 years ago. It was mentioned earlier that White (1974)
compiled information on the distribution and bionomics of the An. gambiae complex in relation
to disease transmission. In this review, the available knowledge on larval habitat, adult
behaviour and vector status of the six members of An. gambiae complex was summed up in a
tabular form., Also, the patterns of feeding and resting behaviour of four members of the
complex, as recorded in Ethiopia, Uganda, Kenya and Tanzania, of the present geographical
areas, were tabulated. The other review was made by Zahar (1974) covering the ecology of
malaria vectors in the WHO East Mediterranean Region., This review includes information
hitherto available on the distribution and certain aspects of vector bionomics of
An, gambiae s,1. and An. funestus with the appropriate reference to malaria control in Sudan
and Ethiopia.l From these reviews some information is recapitulated here or in certain
instances, adequate summaries are made from the original paper.

1. Ethiopia at that time was in EMR.
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(1) VECTOR BIONOMICS

The same standard vector profile adopted previously is more or less followed here.
Except for vector distribution in East Africa (see 1.1 below), freshwater An. gambiae s.l.
and An. funestus group are dealt with together under various headings of vector bionomics. .
As there are a fair amount of studies on An. merus in the period under review this species is
dealt with under a separate subheading. Information on other vectors is grouped under 2.
Additional and incidental vectors. 3

1. An. gambiae complex and An., funestus group

1.1 Distribution of An. gambiae complex in East Africa: Maps of Figs 6 (a—~c & e) under

SECTION I in VBC/84.6-MAP/84.3 show the distribution of An, gambiae complex in the present )
geographical area. From the Progress Report of the L.S.H.T.M. (No.4O0, 1980) , the number

of identifications by country are shown in the following table:

gambiae arabiensis quadriannulatus species D merus
Ethiopia - 1616 660 - -
Kenya 5187 6783 - - 15
Somalia - 2 - - 2
Sudan - 42 - - -
Tanzania:
Mainland 4281 3761 - - 6
Zanzibar? - 159 14 - -
Pemba - 7 1 - 9
Uganda 135 53 - 587 -

These data shows that very few identifications have been made from Somalia and none have
been made from Djibouti. In a recent unpublished report on a visit to Djibouti in 1982, the
species of the An. gambiae complex existing in this country was regarded as An. arabiensis =
see subsection (ii) below.. From the Progress Report of the London S.H.T.M.H, (No. 41,
1981) An., gambiae s.s. was identified from pooled egg batches obtained from females caught
resting in houses at Bumbwi Sudi in Zanzibar, in February 1981 (collectlon by V.
Aritaratnam). The Progress Report of the L.S.H.T.M, (No. 43, 1982) showed new
identifications made recently from Zanzibar and Pemba 1slands, Tanzania. From Zanzibar, the
progeny of egg batches of females collected in a cattle trap at Founi (collected by Mr B.D.
Ramji, Muhimbili Medical Centre, Dar-es-Salaam) were identified cytogenetically as
An. arabiensis and further, the progeny of house resting females (collected by Dr C.F,
Curtis, Mr Ramji and Mr J. Minjas) were identified cytogenetically as An. gambiae s.s. From
Pemba, the progeny of house resting females (collected by the same persons) were also
identified cytogenetically as An. gambiae s.s. These are the first records of
An. gambiae s.s. in Zanzibar and Pemba. This species was found to be resistant to DDT and
dieldrin (see also under 1.12 below). The progeny of egg batches of females collected
resting on mangrove roots in Pemba, was identified cytogenetically as An. merus as was «
previously identified from this island. As shown in the above list An. quadriannulatus in
East Africa was identified from Zanzibar/Pemba islands and Ethiopia [in the highlands] only.
As shown by White (1974) these foci together with those of Southern Africa [see SECTION III -
(C)] represent the only distribution range of this species so far recorded in the whole
Afrotropical Region.

From the above data, no An. gambiae s.s. has been recorded from areas north of Uganda.
More recent idenficiations made on a small number of specimens collected from Juba, southern
region of Sudan, showed the presence of a few An. gambiae s.s. besides An. arabiensis. (Prof.
M. Coluzzi, personal communication, 1984.). Perhaps with more collections to be made from
wider ecological niches might reveal the presence of An. gambiae s.s. in the northern part of
the present geographical area.

. See reference list SECTION I, 1.3
Now named Ungunja

See reference list SECTION I, 1.2
See reference list SECTION I, 1.1

S~
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1.1.1 The northern limit of freshwater An. gambiae s.l.: It is well known that

An, gambiae s.1., a typical anopheline species of the Afrotropical or the Ethiopian
Zoogeographical Region, extended its distribution to the north causing devastating malaria
epidemics in Egypt in the early 1940's which necessitated an extensive campaign for its
eradication as was thoroughly reported by Shoiusha (1948)., From this report, when a malaria
epidemic, associated with An, gambiae s.l., broke out in the Egyptian Nubia in May 1942 an
entomological survey was carried out to determine the extent of the spread of this exotic
species into Egypt. It was soon discovered in several northern localities, up to Assiut city
in September and further in November in a small isolated focus in Manfalut, a town situated
25 km north of Assiut, but this focus was dealt with immediately. Thus the northern limit of
An, gambiae s.1, was considéred to ‘be south of Assiut, a stretch of about 850 km along the
course of the Nile Valley from Ballana near the Sudan border, covering an area of 4270 km“,
hitherto représenting a narrow cultivated strip of land in the flood plain of the Nile,
inhabited by 3 million people. A study of the climatic conditions showed that

An, gambiae s.1. had only three months, September to November, when it could proliferate in
Upper Egypt, but the remaining part of the year represented a difficult period for this
species. At the beginning of the campaign, vector control measures and treatment of malaria
cases were gravely hampered by tlie inadequacy of transport, paris green and antimalarial
drugs due to war conditions. In July 1944 the Gambia-Eradication Service was established
undertaking the control activities as a military operation and following the same techniques
and organization as those applied for extermination of An. gambiae s.1. from Brazil after it
had invaded the northern part of the country, as described by Soper & Wilson (1943).
Complete eradication of An. gambiae s.1. from Egypt was firmly established after suspending
all control operations during the most favourable period, September—November 1945. 1In his
discussion, Shousha (loc cit) cited the observations of Lewis (1944) made during 1942-1943,
showing that An. gambiae s.l. in the Wadi Halfa area of northern Sudan bordering on Egypt,
fluctuated seasonally and disappeared in winter months and that the source of its
replenishment in Wadi Halfa was the 2nd cataract of the Nile where large breeding pools
existed throughout the winter months. Shousha therefore suggested that the northward spread
of An. gambiae s.l1. from Wadi Halfa into Abu Simbel in the southern part of the Egyptian
Nubia was probably through boat transport which greatly increased during World War II, He
suggested that An. gambiae s.1l. may have invaded Upper Egypt prior to 1942, and gave the
history of severe malaria epidemics causing large numbers of deaths. No anopheline
collections were made at that time but these episodes indicated that An. gambiae s.l. was
probably the responsible vector rather than the local vector, An. pharoensis. To conclude,
he stated: "But whether or not gambiae ever invaded Egypt before 1942 is rather beside the
point. It did so then, and it can do so again, unless adequate protective measures are put
into force.™ He further expressed appreciation of the anti-gambiae measures applied with
complete success by the Sudan Medical Service in the area of Wadi Halfa extending to 58 km
from the border to the 2nd cataract.

Lewis (1949) described the measures applied to exterminate An. gambiae s.1. from the Wadi
Halfa area during 1945-1946 in support of the gambiae-eradication campaign in Egypt, adopting
the same techniques applied earlier in Brazil. 1In this report, Lewis (loc cit) discussed the
northward spread of An. gambiae s.1, into Egypt and excluded a suggestion that this may have
been associated with air transport from Central and West Africa, recalling that
An. gambiae s.l. occurred in the Wadi Halfa area for many years and it may have "occurred in,
or visited the old Aswan Reservoir area, which lies mainly in the tropics, for a long
period”, citing lLewis, (1944). After providing the proof of An. gambiae s.l. extermination
from the Wadi Halfa area by 1946, Lewis (1949) made several recommendations for maintaining
the area as a barrier to prevent An. gambiae s.l. spreading into Egypt. Of these, the need
for DDT residual spraying of trains coming to Wadi Halfa from the south, in addition to
pyrethrum space spraying before their arrival, was emphasized. Noting a previous report on
3-year insect collections from airplanes at Khartoum whereby 16 anophelines were found, of
which two were An. gambiae s:1., he proposed the spraying of aircraft at Wadi Halfa and at
southern aerodromes. ‘

Lewis (1956) referring to the northward spread of An. gambiae s.l. in a stretch of about
850 km into Fgypt as defined by Shousha (1948), pointed 6ut that this Ethiopian species
reached a point 600 km inside the Palearctic Region. Until 1942, its northern limit probably
occurred between Saras [about 60 km south of Wadi Halfa -~ a stretch which has now been
inundated by Lake Nasser] and the Tropic of Cancer which traverses the southern part of the
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old Aswan Reservoir. In this area An. gambiae s.l. apparently could survive relatively cold
winters in certain places with long lasting pools and its distribution fluctuated from season
to season and perhaps from year to year. ) :

During September—October 1950 a few larvae of An. gambiae s.l. were detected at Abu
Simbel and Bellana near the border with Sudan. Through measures applied by the Egyptian
Ministry of Health, this limited invasion was dealt with promptly by DDT house spraying and
larviciding in all localities of the Egyptian Nubia. Subsequent searches were all negative
for An. gambiae s.l. On the Sudan side of the border, Lewis (1956) indicated that
An. gambiae s.l. did not reappear in the area of Wadi Halfa under control until December of
the same year when a few of its larvae were detected in Abdin locality, a short distance
south of Wadi Halfa town. This was thought to be either due to failure of control to cover
the breeding place or to spread from the south possibly by one female transported by a train
during that year of unusually heavy rainfall, Larviciding with DDT in oil was immediately
applied as from January 1951 in a stretch extending 80 km south of the border as was
suggested by the Egyptian authorities.

With the construction of the Aswan High Dam from 1960-1969 and the gradual formation of
its lake, (known as Lake Nassar in Egypt and Lake Nubia in Sudan% extending about 500 km to
the south including 150 km into Sudan and covering about 6000 km<, great ecological changes
occurred. Apart from faunistic, floristic and physical changes, all localities of the
Fgyptian Nubia were inundated and their populations resettled north of Aswan but Abu Simbel
was saved by re-establishment at a higher level. Some localities in north Sudan were also
inundated, notably the old Wadi Halfa and environs, the population of which was resettled in
Khashim E1 Girba in Kassala province while other localities awaited inundation when the lake
was expected to reach its target level of 183 m in 1974. New Wadi Halfa town was ,
re-established south of the old site on the eastern bank of the lake and remained connected
with Aswan, FEgypt by passenger and cargo boat services sailing from a small port established
3 km from the town, passing through the newly established Abu Simbel locality. The new Wadi
Halfa town remained connected with Khartoum by railroad and with the northern province of
Sudan by road. Health hazards arising from the lake received attention from both the
Egyptian and Sudanese health authorities, particularly with respect to the potential risk of
re-invasion of An. gambiae s.l., the spread of malaria and infestation of schistosomiasis.
Several surveys have been undertaken by Egypt and Sudan in the lake area giving special
attention to the border area.

In a review of the hazards of re—invasion of An. gambiae s.1l. into Egypt arising from the
construction of the high dam and formation of Lake Nassar, Shawarby, Mahdi & Kolta (1967)
gave the northern limit of An. gambiae s.l. in northern Sudan as Kweka, 193 km south of old
Wadi Halfa, citing an unpublished report by Gad on a survey conducted during 1954-1955. At
the same time joint teams were organized to control malaria by DDT house spraying and mass
drug administration in the area between Halfa and Dongola. In February 1966 a joint
committee of the Ministries of Health of Sudan and Egypt met in Khartoum to review the
anti-gambiae measures conducted by both countries. At that time the lake had already flooded
Saras and its southernmost end was expected to reach Dal, (about 150 km south of new Halfa).
Thus, intensification of surveys and control measures by larviciding and house spraying in
the area between Dal and Abu Fatma (see distances below) and the application of other
protective measures, were recommended in the hope that An. gambiae s.1. would be eradicated
from this area before 1970,

In April 1970 an entomological/parasitological survey was conducted covering new Halfa
and several localities in a stretch of about 150 km to the south, up to and including Dal, as
reported by Zahar (1970). These localities were awaiting inundation and in the meantime were
covered by DDT house spraying and larviciding. Intensive adult and larval surveys showed a
gambiae-free area extending from new Halfa and its port to Akasha, 126 km south where
abundant culicines were encountered., An. gambiae s.l. was first encountered as larvae
(0.5-1,0/10 dips) and as adults resting indoors (0.4-1.0 female/room) at Dal, Sarkamato and
Farka. Dal was situated on the west bank of the Nile, about 150 km south of new Halfa and
this was considered as the northernmost limit of An. gambiase s.l. under the conditions
prevailing during the survey. Sarkamato and Farka are situated on the east bank nearly
opposite Dal but a little to the south. In this area the Nile at the time of the survey was
still narrow and fast flowing with cataracts among basaltic rocks. Inundation which started
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in 1967 did not much affect these localities but they were awaiting their turn. Many pools
were seen in this area which were said to reach a maximum during the flood time but they were
at a minimum during the survey. Probably climatic conditions of the dry season during which
the survey was carried out were adverse for An. gambiae s.l. longevity and contributed to the
low density encountered (temperature 25-35°C & RH 8-35%). On the malaria situation, the
hospital records in Halfa in 1969 showed 10 clinically diagnosed malaria cases among
out-patients and 10 microscopically diagnosed cases among in-patients. These were probably
imported cases from the endemic areas of Sudan. The dispensary at Farka in the area where
An. gambiae s.l. was encountered, clinically diagnosed 105 cases of malaria among 9142
attendants in 1969; 57% of these cases were diagnosed from October-December. None of 1864
blood slides collected during the survey representing about 15% of the total population of
seven localities (4 gamblae-free and 3 gambiae-infested), was positive for malaria and some
doubts were raised about the quality of microscopical examination. Recommendations were made
for reorganizing and improving the larviciding and spraying operations and for testing
larvivorous fish in permanent pools. Surveys during the favourable season and susceptibility
testing of An. gambiae s.l. to DDT were suggested. It was stressed that both Sudan and Egypt
should maintain their areas of the lake disease- free on a long—term basis as opposed to
temporary short—term measures. As an interim measure, short—term plans should be developed
to deal with the changing situation as the lake level rises and likewise, long—term plans
should be developed for permanent control when the level stabilizes.

Gillies (1971) reported the results of his observations as a WHO Consultant in the lake
area in Egypt and Sudan during October-December 1971. From his review of previous work in
northern Sudan, surveys in July 1970 confirmed the findings of Zahar (1970) that the northern
limit of An. gambiae s.l. was Dal (150 km from Halfa). Also 3767 blood slides collected in
July from localities between Dal and Abu Fatma (350 km south of Halfa) were all negative.
From this Gillies (loc cit) inferred that little transmission seemed to have occurred in this
area despite the presence of An. gambiae s.l. In fact there was little malaria in recent
years in Dongola, a populous centre 80 km south of Abu Fatma. However, in the few months
preceding his visit, there was a marked resurgence of malaria in the area as signified by the
number of microscopically diagnosed cases at the hospital which reached several hundred per
month. This suggested that there was considerable risk of malaria spreading north again
unless it could be contained by active control. Further, susceptibility tests made in July
1970 at Kweka (212 km south of Halfa) showed that An. gambiae s.l. was resistant to dieldrin
but susceptible to DDT. Gillies warned that this situation could change and reserve stocks
of alternative insecticides should be maintained for replacement of DDT, Gillies'
observations in northern Sudan were mainly directed to Halfa and the localities south of it,
up to Akasha, at 140 km. At Halfa port only culicines were breeding moderately in covered
tanks of a floating wharf. Also, only culicines were found at some localities to the south
up to Akasha., From Semna (80 km south of new Halfa) to Duwishat (92 km) conditions were
considered unfavourable for An. gambiae s.l. breeding where the Nile was transformed into a
flooded valley but from Sarjia (127 km) to the upper part of Milk El Nassir (118 km) was the
furthest north that could be colonized by a natural spread of An, gambiae s.l. or by its
transport over short distances. Thus the northern limit of An. gambiae s.l. according to the
previous records, remained at Dal. In his conclusions and recommendations, Gillies
underlined that risk of introduction of An. gambiae s.1. into Egypt remains forever. The key
links in the chain of events are: firstly, the proliferation of An. gambiae s.l. in the
endemic zone of northern Sudan and its spread to the lake ports; secondly its transport by
lake steamers to the high dam area in Aswan; thirdly the establishment of breeding
populations at this site and later in irrigated areas to the north. Further development
along the lake shores could facilitate such transport by providing intermediate breeding
populations but the High Dam complex would still be the key port of entry of the species into
Egypt. Therefore, all structures of the High Dam complex should be sprayed with DDT twice
annually. In the endemic northern part of Sudan, the source of An. gambiae s.1. invasion is
most likely to originate from a ribbon of about 230 km of farmland and river valley between
Akasha and Abu Fatma. The remoteness of the area, the difficulty of its terrain and the poor
communications make regular supervision by senior staff rather difficult. Nevertheless, it
should be possible with the available means to keep the population of An. gambige s.l. at a
low level to prevent its northward spread by active and passive routes, The planned two
rounds of DDT house spraying annually were endorsed and larviciding with temephos was
supported, provided that its efficacy under local conditions is ascertained by a trial.
Gillies further pointed out that the long-term risks are difficult to assess but large scale
development along the lake shores and associated communications would pose problems of
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establishment of An. gambiae s.l. and its transportation to Upper Egypt. Close involvement
of health authorities from the inception of such development schemes is essential with the
An, gambiae s.l. problem one of their major concerns.

An agreement was formulated and signed by the Governments of Egypt and Sudan for "Health
and Medical Cooperation”. As part of this agreement, the two Governments agreed to cooperate
in undertaking measures for eradicating An. gambiae s.1. from the lake area up to Abu Fatma,
the details of which were given in a separate protocol. Protective measures to be
intensified at the High Dam complex in Aswan, Abu Simbel and Halfa including disinsection of
riverine transport operating between the two countries as well as disinsection of trains
before reaching Halfa were outlined. The measures to be continued in Aswan Governorate were
also described. In northern Sudan, survey and control operations by larviciding and house
spraying should continue in the area between Halfa and Dal. Surveys and periodical
larviciding of all breeding places in the area between Dal and Abu Fatma should be continued
besides which house spraying is to be applied using an insecticide to be agreed upon by the
two Governments. Positive places detected during adult or larval surveys should be
immediately dealt with. The two Governments are to undertake measures to free the area from
Aswan to Abu Fatma from malaria by active case detection and radical treatment of positive
cases. Exchange of reports on survey work, surveillance and vector control operations should
be made monthly. 1In addition a joint team is to survey the lake shores twice a year: once in
April-May and again in November-December, using riverine transport. The aim of these joint
surveys is to check the findings reported routinely from the lake area in Egypt and Sudan. A
joint committee i1s to be formed to examine the achievements made and for exchange of
technical experience,

Recent information comes from a report by Shidrawi (1980) who accompanied a joint survey
team during April-May of the same year. Since 1971 nine surveys have been carried out once a
year, in April-May, instead of twice a year. In this report, the ongoing control activities
undertaken in the Egyptian part of the lake were described. In northern Sudan, weekly
larviciding continued as planned and DDT house spraying was applied twice annually covering a
population of 48,000 living within 1/2 km on each side of the lake or south of the Nile. At
Halfa, fogging of all trains and boats has been maintained. Since 1979, it has been mutually
agreed to extend the control area to Lebab, 85 km south of Abu Fatma covering an additional
population of about 160,000, making a total length of 800 km south of the High Dam. While
the annual inspection by the joint survey team found nothing in 1979, research workers from
Khartoum University collected considerable numbers of An. arabiensis (the only species of the
An, gambiae complex identified so far from northern Sudan) at this locality during
November-December of the same year. During the survey of the joint team of 1980 in which
Shidrawi participated, the breeding places were found to have been heavily treated with
temephos as none was positive and no adults could be found in houses in six villages
including Dal and Farka as well as Kweka (212 km south of Halfa)., It was only in Attab
village that both larvae and adults of An. arabiensis were found and at Sai Island (almost
opposite Kweka) where only larvae of this species were collected. In this area, breeding
occurred in vegetation away from the shores in the middle of the river and obviously were
missed by the larvicides. The positive findings provided further evidence that the species
could persist in its normal habitat and range of distribution. In his conclusions, Shidrawi
re—emphasized that from the above observations, An. arabiensis has not been eradicated from
the project area by the control measures undertaken so far and it is doubtful that this can
be achieved. He reiterated the previous views that control measures in northern Sudan should
aim at keeping the density of An. arabiensis sufficiently low to minimize its ability to
spread northwards into Upper Egypt. In this connection, he pointed to the role that can be
played by riverine and air transport and also underlined the potential danger when the lake
shores become repopulated, thus facilitating the northward spread of the species.

The latest information comes from Dr M.A, Farid (personal communication 1984) who
accompanied the joint annual inspection team as a WHO Consultant during February-March 1984,
While his report is in preparatiom, he cited the findings of different larval stages of
An arabiensis recorded by the team at Tombos island adjacent to Abu Fatma (about 350 km south
of Halfa) and further south of Abu Fatma at Kureik village.

1.1.2 The northern limit of An. merus: Gillies & De Meillon gave the distribution of
An merus as being the East African coast from southern Somalia to the south including islands
in the Indian Ocean.




