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l. INTRODUCTION _ s N 2

In the course of the malaria pre-eradication programme in Uganda, extensive
malariometric and entomological surveys have already been carried out in the
Eastern, Western-and part of the Northern regions of Uganda, with a view to gaining
more knowledge on the distribution of the disease and its vectors, and they will be
.gradually extended to cover the whole country.

At the same time observations on the annual cycle of malaris-have been under-
taken In the Busoga district of central-eastern Uganda, in order to obtain more
detailed information with regard to seasonal fluctuations of the disease and the

results of these observations are discussed in the present paper.

These studies, together with the results of work carried out in recent yeérs
in Uganda (de Zulueta et al., 1961, 1963 and 1964) will provide base line data for

the future planning of a malaria eradication programme.

The Busoga district lies 0°-1° 30" North and 330-340 East in i‘.he western part
‘of the Eastern Regibh of 'Uganda. On its southern shores lies Lake Victoria, west
end east are the Nile and Mpologoma rivers respectively and north the swampy
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Lake Kyoga (Fié.al). The surface is approximately 6876 square miles (11 065 kmg) of
which 3709 (5969 kme) are of land and swamp and 3167 {5006 km2) of open water including
the territorial waters of Lake Victoria. Busoga is the most densely populated
distriet of the Eastern Region with a census population»in 1959 of 660 507 inhabitants
(estimated in 1964 to be T47 304) mainly of the Bantu stock.

Topographically the area is characterized by flat-topped hills of uniform height
(about 4300 ft (1010 m)) with swamp inlets in the vicinity of the two lakes which are
often floored with extensive papyrus growth. In the north the vegetation is mainly
wooded savannah, becoming thicker southwards (forest/savannah mosaic) until it changes

to medium altitude moist semi-deciduous forest near Lake Victoria.

The climate of the area shows comparatively small seasonal variations of
temperature, humidity and winds throughout the year. There is a relatively dry
season between December and March and another in June and July, but both are frequently
broken by thunderstorms. Consequently rainfall is well distributed throughout the

year with a principal peak in March, April, May and a smaller one in October, November.

During the period of the present observations the mean maximum and minimum
temperatures were 84.4°F (29.1°C) and 60°F (16°C) respectively and relative humidity
85% at 09.00 hours and 62% at 15,00 hours with little variation from month to month.
On the lake shores the rainfall amounts to 60" to 70" (1525 mm to 1780 mm) per annum
and occurs on an average of 160 to 170 day:c each year. There is a marked gradient
of annual rainfall amounting approximately to one inch (25 mm) decrease per mile
(1.6 km) inland.

The soll In Busoga 1s very fertile and the main activity of the people is
agriculture, The main crops are cotton, coffee, ground-nuts, maize, sugar and timber;

cattle-raising in the north is another steady source of income.

In the south, especially around Jinja which is the capital of the district and

the most important industrial town of Uganda, considerable development has recently
taken place. .
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Field operations for the study of the duration of and fluctuation in the
transmission season of malaria in Busoga were initiated in February 1964 and con-
tinued until the end of February 1965. They consisted of malariometric and
entomological surveys carried out at regular intervals in selected localities of

the distriet and of monthly infant and fever surveys.

2.  METHODS

Malariometric surveys. In January 1964 preliminary malariometric surveys were carried

out in some localities of the district in order to gain more knowledge on the
distribution of the disease. From the results of these preliminary Surveys 10
localities were finally selected on a geophysical and epidemiological Easis in order
to assure a fair coverage of the area under investigation (Fig. l).‘k Kidera and
Nawaikoke are situated on the shores of Lake Kyoga, with a vegetat;on of thg‘wopded
savannah type and with breeding-places in permanent swamps. Kaiéi is also in a N
wooded savannah area but far from the lake and with seasonal swamps as breeding-places.
Kamuli (Moulamuti), Kiyunga, Bugiri, Iganga and Mafubira are in the territory which
extends between Lake Victoria and Lake Kyoga with a forest/éavannah mosaie vegetation
and with permanent and temporary swamps (Kamuli, Kiyunga) or seasonal pools (Mafubira),
or a permanent river with swampy inlets (Bugiri and Iganga) as breeding-places. Kaluba
and Rwangosha are in the southern section of the district, in a medium altitude semi-
deciduous forest environment with vestor breeding taking place in permanent swamps

and seasonal pools., School surveys were carried out regularly in these localities

at approximately three monthly intervals, whilst general mass population surveys were
conducted in eight of the same localities at six month intervals. School surveys
were always carried out in the same selected schools and many children were regularly
followed up. On the other hand detailed records were not kept nor were accurate.
serial parasite rates carried out among schoolchildren. In the mass éurveys,bpeople
were examined at random at the time of the two surveys. It is extremely difficult

to measure a pérasite rate in an entire village community in“Uganda and follow this up
as habitations are so widely scattered and co—operatioﬂ is often poor, so that even a

proper random selection of the group is nof easy.
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Thin and thick blood films were taken from o1l 5 rsons examined ans spleens were
palpated with the patient placed in a recumbent position and with knees flexed except
in the case of infants in whom spleen enlsrgemen* was not recorded. The desree of
spleen enlargerent was noted followin:; Hackett's elassification. The blocd filas vers
stained with Giemsa. The thick films w re cxrrined for fi-c _inuvtes : .0 thin f.l .s

only in ccsc of aounts is wo specice,

Monthly infant and fever surveys. :rrangements had been made for the collection of

bloor :ilms from all ini nts and fever cases attending the medical units existing in
Busoga district (Fig. I). Films were taken by the medical assiste..t in charge of the
unit and collected at fortnightly intervals ry the croject staff for examination at the

central haematological laboratory at Jinjo.

Entomological studies. Bight indicators districts were selected in Busoga for carrying
out entomological activities at monthly intervals. The selection was bhased on
malariometric findings and consequently the indicetor districts were situated_in. areas
where malariometric surveys had been made so that the studies would be run in

parallel (Fig. I). The localities selected were ¢ Nawaikoke and Kidera in the
vicinity of lake Kyoga shores, Mbulamuti, Kiyunga and Bugiri in central Busoga, lugala
and Kityerera on the shores of Lake Victoria and finally Kazinga, a locality 11 miles

(18 km) from Jinja on the banks of the river Nile.

The techniques used during the observation period were: (a) day-time spray
catches once a month in eight fixed houses of different types of structure in each
indicator district; (b) all-night catches on man and animals indoors and outdoors for
two consecutive nights monthly in four (northern Busoga) of the eight indicator
districts; (c) window-trap observations, utilizing local premises in each of the
four indicator districts which had been selected for night-catches: collections from
traps were made in two consecutive days and at monthly intervals; () identification of
blood digestion stages and salivary gland dissections from samples collected on
spray-catches; (e) identification of blood meals from samples collected in different
type of structures. The blood samples from mosquitos were forwarded to the Lister

Institute, England, for their identification.
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Regular night-catches and window-trap observations were JAintroduced only in
September and Nove\mbér 1964 respgctively. However, few mosquitos were collected by
the use of these tecifmiques, a _f‘i;-mdi_n:g which was contrary to the high incidence of
malaria found in the area. The pauc‘:tify of the fesults might have been partly due to
technical faults, i.e. wrong selectioi'l of houswgs,"the location of houses too far from
the breeding-places etc. Only recently the ‘:lnt_r‘oduction; of bed~-traps in night-
catches has shown promising results, whereas the failures to collect vectors from

window-traps and in natural shelters are still a matter for further investigations.
3.  EPIDEMIOLOGICAL AND ENTOMOLOGICAL RESULTS

Malariometric surveys., The results of the two general mass population surveys and

the ﬁfour'\ h,schqol surveys are repres_ented in detail in Tables 1 and 2 and Table 3 shows
the distribﬁ;cion of malaria by égé;groups as found in Pebruary-March and September-
October 1964 in schools and mass surveys (Fig. 2). The total number of persons
examined for spleen enlargement was 8715 and 3375 presented with an enlarged spleen
(38.7%) . The total number‘ of slides taken was 9204 of which 3301 were positive for
malaria parasites (35.9%).

Following the classification formulated at the Malaria Conference in Equatorial
Africa in 1950 it will be noticed that malaria endemicity in Busoga can be classified
as hyperendemic and mesoendemic. Hyperendemic conditions prevailed along the Lake
Victoria and Lake Kyoga shores, whereas mesoendemic malaria was encountered in that
part of the district which extends between the two lakes. What this is due to is
difficult to say as metereological conditions are similar throughout the district,
breeding-places for vectors can be found all over and human habits do not differ _from
place to place. If malaria endemicity is correlated to ecological conditions it
would appear that highest indices were founci in areas predomi-nan_tly of the wooded
savannah type - northern Busoga - and along the La.ke Viectoria shores where the
vegetation is represented mostly by a medium altitude moist semi-deciduous forest. -
Another possible contributing factor is that medical facilities such as health .centres
and dispensaries are well distributed in .central Busoga and almost non-existent along
the lake shores. ' V ‘
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The distribution of malaria in different age--groups is shown in Table 3. It
will be noticed that the highest parasite rates were found in the two to four years
group when surveys were carried out in February-March 1964 and in the 10-14 years
group when the same were done in September-October 1964 (Fig. 2)., In both instances
the parasite rates in infants and cne-year-old babies were rather low, and this is in
agreement with the results obtained by other workers in another part of East Africa
(Pringle, 196%),

The relative prevalence of infections, based on the examination of 39 789 blood
films which had been collected in Busoga district during the year in the course of

malariometric surveys and infants and fever case surveys, shows that Plasmodism falciparum

was the most prevalent species (95.9%) followed by P. malariae (4.04%) and P. ovale
(0.058). P. malariae and P, ovale infections seem to have the tendency to decrease

more rapidly than thet of P. falciparum with the advancement of age and this is in

agreement with other findings in Africa (Wilson, 1936; Davidson & Draper, 1953:
Davidson, 1955; Draper & Smith, 1957; Price & Lewthwaite, 1963; de Zulueta et al.,
1963).

Malaria incidence did not show great variations during the year. Conditions for
malaria transmission seemed to have reached their optimum during the long rainy
season, when the highest spleen and parasite rates were obtained in our malariometric
surveys and the highest vector densities were also recorded. However, conditions
seem to be favourable for perenrial transmission as it will be better shown by the

results of our monthly infant and fever surveys.

Infant surveys. The results of monthly infant parasite surveys are summarized in

Table 4. From February 1964 to February 1965, 8019 blood films were taken and

1221 were found positive (15.2%). Malaria transmission appears to have occurred
throughout the observation period and no great fluctuations were noted from month to
month (Fig. 3). The highest parasite rate was found in March 1964 (27.9%) and the
lowest in January 1965 (8.1%). whereas in the remaining months malaria rates varied
between 19.7% in June 1964 and 11.6% in August 1964. The high incidence of malaria
in March may be related to the heavy rainfall experienced in February wliich wac also

accompanied by high vector densities (13.4%) and sporozoite rates {1.2%), whereas the
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low figure for January might-be explained with the dry weather of the second fortnight
of December and the entire month of January, which accounted for low vector densities
(5.1% and 6.6%) and low sporozoite rates .{0.7% and 0.0%) respectively for December
1964 and January 1965. It might be argued that our investigation was :_c;a;iTied out
among a special selected sample of the infant population. - This is only partlally true
as blood films were taken from ill babies.and from those who were regularly '_a.—'btending
the child welfare clinics without being apparently sick. . The evidence that every
month there were malaria. cases among infe,nts, especially in the 0-2 month old babies
(Fig. 4) seems to be strongly indicative that malaria transmission in Busoga is

perennial.

Fever surveys. Table 5 presents the results of fever surveys (oral temperature over

99°F (37.2°C)) which were carried out inBusoga district from February 1964 to

February 1965. The total" number of slides’ ta.ken during the period was 22 566 of which
4145 showed malaria parasites {(18.4%). Here aga.m there was no marked seasonal trend
and the incidence of malaria among fever cases showed very little ﬂucmatlon from
month to month. It the monthly parasite rates obtained in the 0-2 month old-babies
and those obtained among fever cases are expressed graphically, the similarity of the

two curves is rather striking (Fig. 3).

Another interesting- finding was that parasite rate among fever surveys (18.4%)
was lower- than- tHe over-all ‘parasite rate found in general mass population and- school-'
children surveys (35.9%). This seems to support the findings of de Zulueta et al.,
1963 who came across with the sameé wnexpected finding in Masaka district in Uganda;
that is when malaria reaches a certairii-léx}el» ef»‘endemicity,‘ir'rﬁnunity is comparatively o
strong, overt attacks of malaria be:'come rare and as a consequence the pos'i‘bivi‘ty in
fever cases is no higher than in a cross-section of the population. The over-all
parasite rate found in Busoga in general mass population and school surveys -(35.9%)
was higher than the parasite rate found in Masaka among the same unselected sample
of the population (24.0%).

Entomological results. A total of2553 female Anopheles gambiae and -3951 female
A. funestus were obtained in dasr-tlme spra.y-eatches by flittlng and ca.rrled out monthly
from February 1964 to Februa.rv 1065 in 6% fixed ca'tchmg stations in Busoga district,
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combined densities per hut varying from 16.6 in May 1964 to 4.1 in July 1964. Other

Anophelines caught during these entomological surveys, were A. coustani, A. hancocki,

s

A. moucheti, A. marshalli, A. pharoensis, A. squamosus, A. wellcomei but none were

found infected with sporozoites. Of these Anophelines only A, hancocki and

A. mouchetf seem to deserve some special consideration. A. hancocki was reported
for the first time in Uganda in 1932 (Gibbins, 1932) and at that time in 1014
dissections 2.7% mosquitos had infected glands., In 1946-1947, in the course of
spraying experiments carried out by the Pesticide Research unit (Hocking, Personal
Communication) around a military camp at Jinja, 22 A. moucheti were found infected
out of 9293 dissections (0.23%). In our investigation in Busoga we found only one
specimen of A. hancocki with infected glands in January 1964 and no gland infections
were detected among 1008 dissections of A, moucheti. These data seem to indicate
that the potentiality of these two species as vectors of malaria is now very little;
however we feel that further investigations should be carried out to provide adequate
information on the infection rates, contact with man énd age composition of A. hancocki
and A. moucheti before their importance in malaria transmission in Busoga can be
ruled out. |

The results expressed graphically in Fig. 4 show that apparently there were marked
seasonal variations in the densities of A. gambiae and A. funestus. Whenever
A. gambiae density increased the density of A. funestus decreased and vice versa.
This seemed to be clearly related to variations in rainfall; in fact increases of
A, géﬁbiae densities almost always occurred after a peak of rainfall in the
preceeding month, whereas increases of A. funestus densities coincided with periods

of dry weather.

The two different seasonal trends are also evident when A. gambiae and A. funestus

densities are recorded in accordance with place of collection. It will be remembered
that the selection of the indicator districts was based on the results of malariometric
findings and were representative of different geographical conditions. Table 7

shows the A. gambiae and A. funestus densities as found in indicator districts

situated along the Lake Kyoga shores (A), the savannah and forested areas of the
interior of Busoga (B) and along the Lake Victoria Shores (C). Comparing these data
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it will be noticed:that not only A. gambiae and A. funéstus- showed opposite seasdnal

fluctuations, but also-that A.” funestus was more prevalent'and probably the main
vector along the Lake Victoria shores, whereas A. gambiaé was the predominant species.
in the territory which extends between the two lakes and even more along the -Lake

e

Kyoga shores.,

The results of A. gambiae and A. funestus salivary gland dissections are
summarized in Table 6. = With the exception.of the month of January 1955 sporozoite
iMMﬁmsmﬁf%ﬁﬁwhé%w%ﬂémﬁﬁ?~%rmarumnMJmmml%Sm
gland infections were found is difficult to say as the malariometric findings did not
point to'any.iﬁtérfﬁftiéﬁ of transmission. The sporoZoite rates detected in Busoga
during the period of observations have been always low, especially if compared with-
Equatorial Africa.

BN

Finally the results of the 1dent1f1cat10n of blood meals, carried out at the
Llster Institute oﬁ spéclmens caught in dlfferent types of structures of Busoga ‘
district, show that A. g blae (90.5%), A. funestus (98. %), A. haneockl (88. 9%) and
A, mouchetl (100 O%) feed readlly on man. i

RN I A T

4. . CONCIUSIONS e o »‘ S ‘_

RO S

From the reswiis-ofxihepresent study it would. .appear, that malarla in Busoga
district of Uganda is hyperendemic in- the -northern and ﬁguthern areas of the distriet,
in the vicinity of Lake Kyoga and Lake Victoria; mesoendemicity prevalls in the

central part of the district.

Malariometric surveys carried out among schoolchildren at about three month
intervals and among general mass- population at six month intervals, monthly parasite
rates among infants and fever cases, show that malaria transmission is perennial,

without marked seasonal fluctuations.

From the examination of 3¢ 789 films, which had been collected in the course of

malariometric, infant and fever surveys, it would appear that P. falciparum was the

most prevalent species found in the district, followed by P. malariae and P, ovale.

The relative prevalence of the three infections were respectively 95.9%, 4.04% and
0.05%.
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Clear seasonal trends were observed in the densities of A. gambiae and
A, funestus, the two main vectors found in Busoga district, A. gambiae densities
usually increased after periods of rainfall, whilst A, funestus densities coincided
with periods of dry weather. The increase in number of one species was compensated
by the decrease of the other, so that there was always a sufficient number of vectors
to maintain malaria transmission.

In the past decades A, hancocki and A, moucheti, especially the former, have

been found with infected glands an different occasions, thus suggesting that they
might play a role in malaria transmission in Busoga. Our investigation did not

provide sufficient evidence to support such possibility, but further studies are

recommended,
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RESUME

Au codfs au programme de pré-éradication du péiﬁdismé“en Ougahda, des observa-
tions reléti?eé au cycle annuel de cette maladie ont été entreprises, de février 1964
3 Pévrier 1965, dans le district de Busoga, situé dans la partie centre-ouest du pays,
afin d'obtenir des renseignements plus détailiés sur les fluctuaﬁions'saisonniéres de ’

la maladie. -

Apres enquete prellmlnalre,dixlocalltes ont été choisies sur la base de consi=-
deratlons geophys1ques et epldemlologlques de manlere a disposer d'un bon echantll-
lonnage de 1a zone ‘étudiée. Dans chacune de ces localltes des enquetes scolalres ont
été réguliérement menées & 1nterva11es de tr01s mois, tandis que dans huit des »
dix localités, des engquétes portant sur la population générale étaient effectudes
4 intervalles de six mois, De plus, les services médicaux du district ont recueilli
des lames de sang chez tous les nourrissons et tous les malades fébriles (température
buccale supérieure & 37,200). Huit stations entomologiques de capture ont également
été installées le long de la zone ol les enquétes scolaires ont eu lieu., les résultats
de la présente étude semblent indiquer que le paludisme est hyperendémique dans la
région septentrionale et la région méridionale du district de Busoga, ainsi qu'a
proximité des lacs Kyoga et Victoria. Dans la partie centrale du district régne un

état de méso=-endémicité.

Les données paludométriques fournies par les enquétes scolaires, ainsi que
1'indice plasmodique mensuel des nourrissons et des malades, indiquent que la trans-
mission du paludisme est perpétuelle et ne présente aucune fluctuation saisonniére

marquée.

A la suite de l'examen de 3Q 780 lames de sang recueillies au cours des enquétes
paludométriques et des enquétes sur les nourrissons et les malades, il apparait que

Plasmodium falciparum est l'espéce la plus répandue dans le district, sulvi par

P. malariae et P, ovale, Ia prévalence relative des trois infections est respective-
ment de 95,9 %, 4,04 % et 0,05 %.
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De nettes tendances saisonnidres ont été observées dans les densités de

Anopheles gambiae et A, funestus, qui sont les deux principaux vecteurs du district

de Busoga. Les densités de A. gambiae ont coincidé avec les périodes séches. L'augmen-
tation du nombre de représentants d'une espéce a été compensée par la diminution de
ceux de l'autre, de telle sorte qu'il y a toujours eu un nombre suffisant de vecteurs

pour entretenir la transmission du paludisme.

Au cours des dernidres décennies, A, hancocki et A. moucheti =~ le premier plus

particuliérement - ont été trouvés i différentes reprises porteurs de glandes infec=-
tées, ce qui porte & croire qu'ils pourraient intervenir dans la transmission du
paludisme au Busoga. Notre enquéte n'a pas produit suffisamment de faits 2 1l'appui de

cette possibilité, mais nous recommandons la poursuite des études,



FIG. 1 SHOWING THE STUDY AREA - BUSOGA DISTRICT, UGANDA
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FIG 2 SHOWING THE DISTRIBUTION OF MALARiA BY AGE GROUPS IN BUSOGA DISTRICT, UGANDA,
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The purpose of the WHQ/Mal series of documents is threefold:

(a) to acquaint WHO staff, national institutes and individual research or
public health workers with the changing trends of malariag research and the

progress of malaria eradication by means of summaries of some relevant problems;

(v) to distribute to the groups mentioned above those field reports and other
communications which are of particular interest but which would not normally be

printed in any WHO publications;

(c) +to make available to interested readers some papers which will eventually
appear in print but which, on account of their immediate interest or importance,

deserve to be known without undue delay.

It should be noted that the summaries of unpublished work often represent pre-
liminary reports of investigations and therefore such fundings are subject to possible

revision at a later date,

The mention of manufacturing companies or of their proprietary products does not

imply that they are recommended or endorsed by the World Health Organization.



